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Urology has made many advances and progress in the past few decades primarily as a result of significant progress in 
understanding the pathophysiology of urological diseases and introduction of truly minimally invasive surgery. 

Principles and Practice of Urology mainly addresses young trainees in urology and is written by experts in this field who 
are also experienced teachers. It is hoped that the book will be helpful to prevent the younger surgeons and trainees from 
the mistakes and common complications. 

There are many good books on urology in the world market, but Principles and Practice of Urology has been developed 
to address the urological issues that are commonly met in the developing part of the world and the management has been 
tailored to obtain the best success with the limited resources. | sincerely hope that the specialists, trainees and students of 
Asian, African and Latin American developing countries will find the book more useful than others. 

For the beginners, four big ‘Cs’is strongly recommended: Climb, Communicate, Confess, and Comply. These are the basic 
actions for any pilot in distress and they may just be as applicable for any medical professional facing a difficult situation 
that may help to overcome. 

Traditionally, as before, the book is emphasizing the principle of art of urologic surgery from the standpoint of open, 
laparoscopic, endourologic, microsurgical, prosthetic, tissue engineering, genetic engineering and robotic approaches. An 
internationally reputed set of contributions has graced us with their wisdom. 


Mahesh R Desai 

MS FRCS (Lond) FRCS (Edin) 

President, Endourological Society 

Past President, Societe Internationale d’urologie 
Medical Director 

Muljibhai Patel Urological Hospital 

Nadiad, Kheda, Gujarat, India 
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The second edition of Principles and Practice of Urology has been extensively revised, reviewed and improved, including the 
format and presentation. The book is aimed mainly at urologists, general surgeons, nephrologists, gynecologists, residents 
and postgraduate medical students of different disciplines, senior medical students and trainee medical professionals of 
relevant specialties. 

The first edition was reasonably limited and published in USA by Brown Walker, Florida, USA and in Bangladesh. It was 
so instantly well received that further reprints were required within the first year of its appearance. There was a pressing 
request for further emphasis on graphic and pictorial representations of the various surgical techniques. 

| hope that you will find the second edition of the book as an informative and a good reference to refresh your knowledge 
in the field of urology. Specialists of all fields will also find the book is a quick review of the current developments in this 
field and a reminder of important features of different conditions in their field of interest. 

The main objective of the book is to enable the reader to have a quick review of the subject and can update him with 
current relevant information. | believe that the readers will find the value and enjoyment when reading the textbook, either 
as a ‘cover-to-cover’ read or a particular section that applies to their area of interest. | hope very much that you will enjoy 
reading the book. 

l keep six honest serving men 
(They taught me all | knew); 
Their names are What and Why and When 
and How and Where and Who. 
—Rudyard Kipling (The Elephant’s Child, in the Just-So Stories, 1902) 

Clinical knowledge is based on the three components: meticulous observation, detailed recording, and an understanding 
and analyzing the clinical data relevant to the clinical situation to overcome the clinical problem. The first two come with 
apprenticeship and the last one with personal inquisitive reading. It is the last component that is the basis for the book. 

Perfect practice of urology will develop ‘Urological Artists’ in urological community and their output will result a state- 
of-the-art outcome. Some of these artistic urologists will emerge as philosopher urologists. This ‘Philosopher Urologists’ 
will be able to make change over the existing method of treatment or they may set a new horizon for the others. Some of 
the talented urologists of the past is introduced in the book. There are many ‘Urologist Philosophers’ among us now and 
we hope that there will be many in future. The objective of the book is to build more and more ‘Urological Artists’ if not 
‘Philosopher Urologists’ This is true for all branches of medical sciences. 

The text is didactic and should provide the basis for further reading from journals or more detailed review papers. The 
book is aimed at residents and urological specialists at all levels of training in urology. 

| am indebted to the outstanding panel of national and international contributors for their efforts and outstanding work 
toward the production of the book. | am most grateful to all the contributors who covered their topics expertly and clearly. 
| am fortunate to have so many eminent colleagues contributing to the book. 

| remain grateful to all my friends and colleagues for their enthusiasm and active help for the preparation, processing the 
manuscripts and proofreading. Dr Mohsin Uddin, Dr Ibrahim Kaiser and my secretary Mr Roney worked very hard for the 
book and deserve special thanks. 

| remain very much grateful to the superb job done by all the outstanding staffs at M/s Jaypee Brothers Medical Publishers 
(P) Ltd, New Delhi, India, and their close cooperation, for the task of the difficult publication. 


MA Salam 
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Why another textbook on urology? There is always a universal demand of appropriate good book in any subject. Despite 
the existence of numerous monographs on urology, there remains a desperate need for a book emphasizing the scientific 
background and principles of patient care for the student trainees and reinforcing such concepts for the practicing 
urologists in the developing world. 

Urology today is a subject of growing importance and the need for a comprehensive text on the basic principle of 
general urology was deeply felt by the author, by the trainees and students. All medical writings are practically rewritings 
plus the recent advances, but they are presented in a different format suitable for the specific class of readers or users. 
Despite many good books available, an appropriate book is needed in between the users and the advanced texts. 

Principles and Practice of Urology is neither intended to replace the existing textbook nor it can provide the minute 
details contained in scientific journals. Instead, the author expects that the book will serve as a rapid review of clinically 
important informations for the postgraduate students, residents, trainees, practicing surgeons and urologists. It is also 
expected to provide much of the updated information in an identifiable and understandable format. 

The purpose of composing this text is to guide and assist the students, residents, trainee doctors of urology and this 
book may be used as a text or reference book by the senior students in medical colleges. A space is kept on the left side of 
the page for the reader to record his personal note. This book is expected to be helpful for the consultant general surgeons 
who are working in a hospital where there are no urologists. 

| do solicit additional modifications, corrections and criticism which may be addressed to me. 


MA Salam 


|| || 


| would like to thank Shri Jitendar P Vij (Group Chairman), Mr Ankit Vij (Managing Director), Mr Tarun Duneja 
(Director-Publishing) and Mr KK Raman (Production Manager) of M/s Jaypee Brothers Medical Publishers (P) Ltd, New Delhi, 
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1 Milestone of 
Urology 


MA Salam 


PRELUDE 


Urological diseases are as old as mankind. This is 
understood from the discovery of a vesical calculus in the 
pelvis ofa mummy from a prehistoric tomb in Egypt, which 
was approximately 7000 years old. Urological expertise 
was also well-known in the prehistoric time where the 
circumcision was clearly described (Figs 1.1 and 1.2). 

Ritual circumcision on the 8th day of life was practiced 
by the ancient Hebrews as evidence of God’s covenant 
with Abraham, a story related in Genesis 17:10-14. A 
more elegant artistic portrayal of this ancient rite may 
be seen in Rembrandt’s etching of the circumcision of 
Christ (Fig. 1.3). 

The elective operations first performed by man— 
circumcision and cutting for bladder stone—the last was 
free from religious or ritual conventions and may therefore 
be pronounced, the most ancient operation undertaken 
for the relief of a specific surgical condition. 


Fig. 1.1: Prehistoric bladder calculus in the pelvis of a mummy 
(Courtesy: Murphy Leonard JT. History of Urology Charles C 
Thomas. Publisher Springfield, Illinois, USA; 1972) 
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Fig. 1.2: Circumcision in Egyptian era (Courtesy: Shokeir AA, 
Hussein MI. The urology of Pharaonic Egypt. BJU Int. 1999;84:766-1) 


Fig. 1.3: Rembrandt's etching of the circumcision of Christ 
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PREHISTORIC UROLOGY IN DIFFERENT 
PARTS OF WORLD 


India 


Indian medicine has a long history. Its earliest concepts are 
set out in the sacred writings called the Vedas, especially in 
the metrical passages of the Atharvaveda, which may possibly 
date as far back as the second millennium BC. According 
to a late writer, the system of medicine called Ayurveda 
was received by a certain Dhanvantari from Brahma and 
Dhanvantari was deified as the God of Medicine. 

Sushruta is the most celebrated physician and surgeon 
in India. Though he practiced during the fifth century 
BC, many of his contributions to medicine and surgery 
preceded similar discoveries in the western world. 
Sushruta devotes a complete volume of his experiences to 
ophthalmologic diseases. In the Uttar Tantrum, Sushruta 
enumerates a sophisticated classification of eye diseases 
complete with signs, symptoms, prognosis and medical/ 
surgical interventions. In particular, Sushruta describes 
what may have been the first extracapsular cataract 
surgery using a sharply pointed instrument with a handle 
fashioned into a trough (Fig. 1.4). His ability to manage 
many common eye conditions of the time with limited 
diagnostic acids is a testament to his virtuosity. 

The “Sushruta Samhita” is a Sanskrit redaction text 
on all the major concepts of ayurvedic medicine with 
innovative chapters on surgery attributed to Sushruta (Fig. 
1.5). Amongst the eight divisions of medical knowledge, 
surgery was considered the most important branch. The 
Sushruta Samhita contains 184 chapters and description 
of 1120 illnesses, 700 medicinal plants, a detailed study 
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Fig. 1.4: Equipment used by Sushruta 
(Courtesy: Sakti Das. American Journal of Urology; 2001) 


Fig. 1.5: Sushruta 


on anatomy, 64 preparations from mineral sources and 
57 preparations based on animal sources. Sushruta also 
described the various urethral bougie for dilatation of the 
stricture urethra. 

Sushruta recognized the four kinds of calculi caused by 
phlegm, bile, air or semen and he also described the stone 
prophylaxis in stone disease by prescribing strict vegetarian 
diet. He described the treatment of extravasation of urine 
by incision in the perineal region. He practiced urethral 
installation of medicine for treating gonorrhea. 


Greece 


In Greek antiquity, medicine was second to mathematics. 
Ancient Greek civilization was at its peak during the 400's 
BC. During this period of time, sick people went to the 
temples dedicated to Asclepius, the Greek god of healing. 
At this time, a man named Hippocrates began teaching 
that every disease had only natural causes. He is known 
as the great ancient Greek physician. In medicine, doctors 
still refer to the Hippocratic oath instituted by Hippocrates 
who is also credited with laying the foundations of 
medicine as a science. 

Hippocrates (460-370 BC) is considered one of the 
most outstanding figures in the history of medicine. He is 
referred to as the western father of medicine in recognition 
of his lasting contributions to the field as the founder of the 
Hippocratic School of Medicine. This intellectual school 
revolutionized medicine in ancient Greece, establishing 
it as a discipline distinct from other fields and thereby 
establishing medicine as a profession. 

The Hippocratic physician paid careful attention to all 
aspects of his practice: he followed detailed specifications 
for, “lighting, personnel, instruments, positioning of the 
patient and techniques of bandaging and splinting” in the 
ancient operating room. 
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The Hippocratic school gave importance to the clinical 
doctrines of observation and documentation. These 
doctrines dictate that physicians record their findings 
and their medicinal methods in a very clear and objective 
manner so that these records may be passed down and 
employed by other physicians. Hippocrates made careful, 
regular note of many symptoms including complexion, 
pulse, fever, pains, movement and excretions. He is said 
to have measured a patient’s pulse when taking a case 
history to know if the patient lied. Hippocrates extended 
clinical observations into family history and environment. 
“To him medicine owes the art of clinical inspection and 
observation.” For this reason, he may more properly be 
termed as the “Father of Clinical Medicine.” 

He recognized and described stone disease but also 
stated, “I will not cut persons laboring under the stone but 
will leave this to be done by practitioners of this work.” 
Possibly, this was the earliest recommendation for super 
specialization in medicine. Renal and bladder injuries, 
and disorders were described by Hippocrates (Fig. 1.6); 
and reference made to the drainage of renal abscesses. He 
regarded wounds of the bladder as carrying a very grave 
prognosis and it may have been this view that held surgeons 
back from the transabdominal approach of the bladder. 


The Hippocratic Oath 


The Hippocratic Oath is an oath traditionally taken by 
physicians, in which certain ethical guidelines are laid 
out. It is thought to be written by Hippocrates and some 
scholars. Several parts of the oath have been removed or 
reworded over the years in various countries, schools and 
societies but the oath still remains one of the few elements 
of medicine that has remained unchanged. 


Middle East 


The “Canon of Medicine” is a 14-volume medical 
encyclopedia compiled by Ibn Sina (Avicenna) and 
completed in 1025 (Fig. 1.7). The book was based on the 
writings of the Roman physician Galen and Hippocrates as 
told by Galen. It presents a clear and organized summary 
of all the medical knowledge of the time. Originally written 
in the Arabic language, the book was later translated into 
a number of other languages including Persian, Latin, 
Chinese, Hebrew, German, French and English. The Canon 
is considered one of the most famous books in the history of 
medicine. The Canon of Medicine was used as a textbook in 
the universities of Montpellier and Louvain as late as 1650. 

For 1000 years, he has retained his original renown as 
one of the greatest thinkers and medical scholars in history. 
His most important medical works are the Qanun (Canon) 
and a treatise on cardiac drugs. The “Qanun” is an immense 
encyclopedia of medicine. It contains some of the most 
illuminating thoughts pertaining to distinction of mediastinitis 
from pleurisy, contagious nature of phthisis, distribution of 
diseases by water and soil, careful description of skin troubles, 
sexual diseases and perversions and nervous ailments. 

Abul-Qasim, etc. described flexible catheter and 
uroscopy. Islamic philosophers and the physician Ibn 
al-Nafis (1210-1288 AD) in Damascus succeeded in 
finding that the lung circulation was a closed system. 
Without Islamic science, the European renaissance would 
not have begun and come to maturity. 


Rome 


The Greeks brought surgery to Rome and it was Celsus, 
living in Rome in the first century AD. He made the 


Fig. 1.6: Hippocrates 


Fig. 1.7: Ibn Sina (Avicenna) 
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Fig. 1.8: Self-portrait of Leonardo da Vinci Red chalk 33.3 x 21.3 
cm (13 1/8 x 8 3/8 in) Biblioteca Reale, Turin 


description of lithotomy that was to hold good with little 
change through to the end of the 18th century. In Celsus’s 
time catheters were made of bronze and some of those 
demonstrating the traditional double curve were found in 
the excavations of Pompeii. 


Leonardo da Vinci 


Intuitive surgical systems named its robotic system after 
Leonardo da Vinci (Fig. 1.8) because he was credited for 
having drawn and built the world’s first robot in 1495. 
The robot wore a suit of armor, typical of 15th century 
German-Italian design. It had a flexible neck and a jaw 
that could open and close. It could sit up, turn its head, 
wave its arms and make sounds to the accompaniment of 
automated drums. The hips, knees and ankles operated 
with 3° of freedom, while the shoulders, elbows, wrists and 
hands operated with 4° of freedom. 

Da Vinci’s detailed anatomical drawings allowed him 
to design pulley systems to emulate the complex joints 
and muscles of the human body. The range of motion of 
the wrist presented challenges to robot design but, using 
da Vinci’s principles, engineers were able to construct a 
suitable model (Fig. 1.9). Although the name, da Vinci 
has become synonymous with the robotic prostatectomy, 
ironically, in all of his anatomical drawings, Leonardo da 
Vinci never identified the prostate. 

The Greek physician Galen, living and traveling 
through Asia Minor in the second century AD, brought 
together in his writings many of the theories of medicine 
that were current in his day. He described lower urinary 
tract obstruction and supported Celsus’s technique of 
lithotomy. 
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Fig. 1.9: Sketch of urinary tract by Leonardo da_ Vinci 
(Courtesy: Murphy Leonard JT. History of Urology Charles C 
Thomas. Publisher Springfield, Illinois, USA; 1972) 


MIDDLE AGES TO THE EIGHTEENTH CENTURY 
Lithotomy 


Operations to remove bladder stones via the perineum 
were performed by Hindus, Greeks, Romans and Arabs. 
Ammonius Lithotomos (200 BC), Celsus (first century) and 
the Hindu surgeon Sushruta produced early descriptions 
of bladder stone treatment using perineal lithotomy 
(Fig. 1.10). Like other surgery before the invention of 
anesthesia, these procedures were intensely painful for 
the patient (Fig. 1.11). 

In 1000, Abu al-Qasim al-Zahrawi (Abulcasis), in his 
Al-Tasrif, described a more successful extraction of bladder 


Fig. 1.10: Lithotomy in progress through perineum, 1575 
(Courtesy: Christoph Mérgeli, Surgeon stage a history of the 
operating room, 1999. F Hoffmann-La Roche Ltd. Basel, Switzerland) 
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Fig. 1.11: The image shows the surgeon about to operate with 
his assistants and with no anesthetic (preanesthetic era) 


and kidney stones from the urinary bladder by using a new 
instrument he invented, a lithotomy scalpel with two sharp 
cutting edges; and a new technique he invented, perineal 
cystolithotomy which allowed him to crush a large stone 
inside the bladder, “enabling its piecemeal removal.” This 
innovation was important to the development of bladder 
stone surgery as it significantly decreased the death rate 
previously caused by earlier attempts at this operation. With 
it’s origin in the techniques of the Sushruta and later that 
of Celsus, two types of perineal lithotomy were developed. 
Hence surgeons were slow to take up this technique. 

The first successful suprapubic lithotomy was probably 
done by Pierre Franco in the early 16th century, removing 
a large calculus from a child’s bladder by this approach. 
James Douglas, who is famous of pouch of Douglas, 
described the surgical anatomy of the bladder in 1717. 

Special surgical instruments (Figs 1.12 and 1.13) 
were designed for lithotomy, consisting of dilators of the 
canal, forceps and tweezers, lithotomes (stone cutter) and 
cystotomes (bladder cutter), urethrotomes (for incisions 
of the urethra) and conductors (grooved probes used 
as guides for stone extraction). The patient is placed in a 
special position in a lithotomy surgical table called the 
lithotomy position (which curiously retains this name 
until present for other unrelated medical procedures). 


Endourethral Lithotomy 


The origin of this technique goes back to ancient Egypt with 
attempts to dilate the urethra and primitive procedures to 
fragment bladder calculi. 

Probably the most eminent lithotriptist of his days was 
the London surgeon Sir Henry Thompson who successfully 
dealt with stone of King Leopold I of Belgium in 1863. 


Fig. 1.12: Heard’s acoustic bladder sound (Courtesy: Murphy 
Leonard JT. History of Urology Charles C Thomas. Publisher 
Springfield, Illinois, USA; 1972) 


Civiale had carried out multiple lithotrities in 1862. 
Later Sir Henry operated on Napoleon III (Fig. 1.14). 
Litholapaxy and the evacuating of the stone debris was 
then pioneered by Henry J Bigelow (1818-1890) in the 
United States and Sir Peter Freyer in England (Fig. 1.15). 


Notable People with Bladder Stones 


Notable people who suffered from bladder stones include 
King Leopold I of Belgium, Emperor Napoleon Bonaparte, 
Emperor Napoleon III, Peter the Great, Louis XIV, George 
IV, Oliver Cromwell, Benjamin Franklin and the scientist 
Sir Isaac Newton. 


NINETEENTH CENTURY 


Vesalius (1514-1564) corrected their studies in 1543 and 
can certainly be considered to be the father of urologic 


Fig. 1.13: Armamentarium of a lithotomist during 18th century 
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X r : a% Ki g A Lon Oe 
Fig. 1.14: Sir Henry Thompson performing lithotrity upon 
Napoleon Ill. The anesthetist is Joseph Clover and Sir William Gull is 
standing behind Sir Henry Thompson (Courtesy: Murphy Leonard 
JT. History of Urology Charles C Thomas. Publisher Springfield, 
Illinois, USA; 1972) 


Fig. 1.15: Peter Freyer 


anatomy. Gabriel Fallopius (1523-1562) demonstrated 
intrarenal anatomy, Bartholomeus Eustachius (1520- 
1574) took these studies further and Lorenzo Bellini 
(1628-1704) and Marcello Malpighi (1628-1694) refined 
them. These and many other anatomic discoveries laid 
the foundation for the advances in physiology and surgery 
that contributed to the development of modern urology. 


History of Catheters and Urological Instrumentation 


The earliest catheters were fashioned from reeds, straws 
and curled up palm leaves. Hollow leaves of Allium 
fistulosum, an onion plant coated with lacquer, were 
used as catheters in China around 100 BCE. The Sushruta 
Samhital, an early Indian surgical text (circa 1000 BCE), 
described gold, silver, iron and wood tubes lubricated with 


ghee (liquid butter) for evacuation of urine, management 
of urethral stricture disease, instillation of medication and 
assistance in lithotomy. 

Early catheters were usually made of metal, often 
bronze (Fig. 1.16) and later silver, copper and brass, but 
other materials including treated paper, cloth impregnated 
with wax, horn or green bamboo sticks were also used. 
But only after Charles Goodyear earned in 1851 patent for 
vulcanized or moldable hard rubber could catheters be 
custom-shaped. Frenchmen Malecot and de Pezzer laid 
the groundwork with their “four-winged” and “mushroom” 
models. Before them (1853), Jean Reybard inflated a 
bladder bag to create the “grandfather” of retained devices. 

In 1860, Auguste N laton (1807-1873), physician to 
Napolean III, introduced a vulcanized rubber catheter 
which lives on today as the straight red rubber catheter 
with a side hole near its tip. Joseph Charri re, a French 
instrument maker (1803-1876) and contemporary of 
Nekton, developed a sizing system that is still used today. 
The system known as the French scale, defines the caliber 
of each catheter as the diameter in millimeters times three. 
Thus a 1 mm diameter catheter is 3 French. 

Frederic EB Foley (1891-1966), a urologist from St 
Paul, Minnesota, used newly discovered methods for 
dipping and coagulating latex on metal forms to devise a 
one-piece latex self-retaining balloon catheter (Fig. 1.17). 
Dr Foley's demonstrated the first production model at the 
annual meeting of the American Urological Association 
(AUA) in 1935. 

No other invention had the staying power of Frederick 
EB Foley's rubber balloon catheter. With its introduction 
in June 1935, doctors finally had an indwelling hemostatic 
device that could be held in place. Nothing matched 
Foley's single, continuous design in ensuring drainage 
postoperative or short term. A balloon catheter is still 
referred to simply as a “Foley” (Figs 1.18A to D). 


O 


Fig. 1.16: Bronze catheters used during first century AD by 
Celsus (Courtesy: Murphy Leonard JT. History of Urology Charles C 
Thomas. Publisher Springfield, Illinosis, USA; 1972) 
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University of Michigan’s urologist Jack Lapides 
introduced clean intermittent self catheterization. In 
1971, it came to light that germs were not the only cause of 
persistent urinary tract infections but persistent stagnant 
urine residuals were also a major contributing factor. It was 
not understood during that time that the stagnant urine 
is a favorable growth media for the urinary pathogens. 
Lapides showed clearly that intermittent catheterization 
was safer than an indwelling catheter. The refinement of 
urethral catheter was refined further in the 19th century 
along with the steady advancement in urologic techniques. 
Previously, a Malecot or de-Pezzar catheter was inserted 
into the bladder with an open technique or through a metal 
cannula. Currently, these have been superseded by the 
modern silastic balloon catheter fitted with integral trocher. 


History of Development of Cystoscopes 


The cystoscope (Figs 1.19 to 1.27) is perhaps the most 
significant of all contributions of urology to medicine 


Fig. 1.17: Dr Frederic EB Foley 
(Courtesy: American Urology Association) 
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(Figs 1.19 to 1.27). The cystoscope is a thin and lighted 
instrument used to look inside the bladder and remove 
tissue samples or small tumors. Paving the way for 
endoscopy and laparoscopy, the cystoscope remains 
one of the major ways for physician’s use to look into the 
human body. 

Since, the earlier days of medicine, physicians and 
healers have sought ways of looking into the living human 
body. However, it was not until 1807 that Philipp Bozzini 
(1773-1809), a young German army surgeon, frustrated by 
the difficulties of locating bullets in his patients, invented 
an instrument that was the ancestor of the modern 
endoscope. The device, the Lichtleiter, was a sharkskin- 
covered instrument housing a candle within a metal 
chimney (Fig. 1.19). 

A mirror on the inside reflected light from the candle 
through attachments into the urethra, the vagina or the 
pharynx. One looked through a viewing window, past 
the mirror, down the funnel of the attachment. When 
the instrument was first tested in Vienna, examiners 
could see stones in a cadaver and were able to identify 
them as gallbladder stones. However, the instrument was 
clumsy, difficult to use and grew too hot; in short, it was 
impractical for clinical use. Bozzini did not live to see the 
fate of his invention; he died of typhoid fever shortly after 
demonstrating it. 

Antoine Desormeaux (1815-1882), introduced his 
cystoscope in Paris in 1853. He was the first surgeon to 
succeed in designing an endoscopic instrument that had 
both diagnostic and therapeutic value for urology. As a 
light source he used a so-called gazogene lamp, which 
burnt a mixture of turpentine and alcohol. His endoscope 
was made of silver tubes into which he projected light, 
using a combination of lenses and a mirror set at an angle 
of 45°. 

Francis Cruise, an Irish surgeon in Dublin, collaborated 
with Desormeaux and demonstrated his first instrument in 
1865. He also designed new sheaths for examination of the 


Figs 1.18Ato D: (A) Foley's catheter; (B) Plain urethral catheter; (C) Malecot catheter for suprapubic catheterization (SPC); (D) Pigtail catheter 
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Fig. 1.19: Cystoscopy candle-fueled Lichtleiter (Courtesy: Developed 


in the 1800s by Philipp Bozzini American Urological Association) 


Fig. 1.20: Early cystoscope by Maximilian Carl-Friedrich Nitze, 
MD 1848-1906 


Fig. 1.21: Porter carrying apparatus needed for cystoscopy 
(Courtesy: Murphy Leonard JT. History of Urology, Charles C 


Thomas. Publisher Springfield, USA; 1972) 


urethra, bladder and other body cavities, and urologists 
using a bladder catheter filled with boric solution were 
able to inspect the greater part of the bladder mucosa. 

Inspired by Bozzini’s instrument and led by such 
visionaries as Antonin Jean Desormeaux, Francis 
Richard Cruise and Joseph Griinfeld, German physician 
Maximilian Nitze introduced the first direct-vision scopes 
to view living patient urethras, bladders and larynxes. 
Premiering his first “kystoskop” on October 2, 1877, Nitze 
utilized an incandescent platinum wire loop (Fig. 1.23) to 
illuminate the bladder from inside and a system of lenses 
to magnify its image for the viewer outside. 

Howard Kelly, the chairman of Obstetrics/Gynecology 
at Hopkins, for instance, used a small speculum-like tube 
(Fig. 1.24) that was used with the patient in the knee- 
chest position. Initially, it had neither light nor lens system 
attached to it. 

Endoscopic devices gained widespread appeal 
only after the development of the incandescent lamp 
by Thomas A Edison, in 1880. Once Edison's bulb was 
miniaturized into a low-amperage bulb by manufacturers 
in the United States, instrument makers around the world 
could produce simple, inexpensive and easily manageable 
illuminated cystoscopes. 

British scientist John Tindall had established the 
principle of internal light reflection (Fig. 1.25) inside the 
glass rods in 1872. 

Dr Harold Hopkins (Fig. 1.28) introduced a 
revolutionary telescope in 1960. Instead of using tiny 
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Fig. 1.22: Nitze’s opening cystoscope with wire snare for 
avulsion of tumor or application of cautery-one of several models 
(Courtesy: Murphy Leonard JT. History of Urology, Charles C 
Thomas. Publisher Springfield, USA; 1972) 


Fig. 1.23: Nitze’s cystoscope with Edison incandescent lamp, 
1887 (Courtesy: Murphy Leonard JT. History of Urology Charles C 
Thomas. Publisher Springfield, USA; 1972) 
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Fig. 1.24: Kelly's female cystourethroscope 


Fig. 1.25: Premitive cystoscope use to see the bladder with a 
reflected light (Courtesy: Murphy Leonard JT. History of Urology 
Charles C Thomas. Publisher Springfield, USA; 1972) 


Fig. 1.26: Howard Kelly performing ureteric catheterization 
with aerocystoscopy. Note style of catheter held in teeth 
(Courtesy: Murphy Leonard JT. History of Urology Charles C 
Thomas. Publisher Springfield, USA; 1972) 


order of accuracy and the rod-lens telescopes (Fig. 1.29) 
had the precision of a microscope. Dr Harold Hopkins' 
rigid endoscopic “rod lens” was introduced in 1960, first 
applied in 1967 to a cystoscope by Karl Storz, it produced 
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Fig. 1.27: Brenner's catheterizing cystoscope, 1887 
(Courtesy: Murphy Leonard JT. History of Urology, Charles C Thomas. 
Publisher Springfield, USA; 1972) 


Fig. 1.28: Dr Harold Hopkins who invented rigid endoscopic 
‘rod lens’ Introduced in with Karl Storz, 1960 


Fig. 1.29: Diagram of telescope made of rod lens 
(Courtesy: Olympus) 


glasses separated by spaces of air, he used air lenses 
separated by rods of glass. Needing no tubular metal to 
keep the lenses apart, the entire width of the telescope was 
available for the transmission of light. 

Compared with previous systems, Dr Hopkins’ system 
provided a total light transmission that was 80 times better. 
Furthermore, because the rods could be held steady, 
it was possible to grind and coat their surfaces to a new 
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brighter, sharper and larger images than previous prisms, 
mirrors and lenses. 

German Heinrich Lamm confirmed that optic fibers 
could transmit body images in 1930s. Fiber-optics 
emerged as a practical medical technology in 1954. By the 
1980s, scientists showed that fibers and lenses could be 
married into fiber-optic coaxial bundles, with one package 
of whisker-thin strands carrying light and other returning 
images. These slender parcels allowed greater flexibility 
in traversing the urinary tract, turning corners without 
distorting images. 

Today, endoscopy is so refined that urologists can 
probe with slender flexible endoscope into lower urinary 
tract and upper urinary tract in adult and in children. TV 
monitor now allows the endoscopist to work via monitor 
and relay can be made to multiple audiences over any 
distances. This has proved to be a great advantage as a 
teaching aid globally. 


Resectoscope 


The resectoscope is an instrument that is inserted through 
the urethra and used to cut out tissue while allowing the 
physician to see exactly where he is cutting (Figs 1.30 and 
1.31). Major uses for the resectoscope are the treatment 
of benign prostatic hyperplasia (BPH) and resection of the 
bladder tumor. 


History of Transurethral Resection of Prostate 


Before the development of resectoscope, the retention of 
urine was treated by using a suprapubic trocar for both 


Fig. 1.30: Punch 1935 


resectoscope; Gershom Thompson, 
(Courtesy: Murphy Leonard JT. History of Urology, Charles C 
Thomas. Publisher Springfield, Illinois, USA; 1972) 
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Fig. 1.31: Stern-McCarthy Prostatic electrotome or resectoscope, 
1932 (Courtesy: Murphy Leonard JT. History of Urology Charles C 
Thomas. Publisher Springfield, Illinois, USA; 1972) 


temporary and permanent bladder drainage in cases of 
urinary retention. Use of intermittent self catheterization 
with catheters made of various materials and using oil or 
butter as a lubricant, was the standard treatment of those 
days. This “catheter life,” even in the early 20th century, 
had a reported mortality rate of 8%. 

Number of factors was critical to the development 
of modern transurethral resection of prostate, such as 
adequate endoscopic, transurethral and intravesical 
illumination with the incandescent lamp cystoscope 
(Phillip Bozzini, Antonin Jean Desormeaux, Maximilian 
Nitze, Josef Leiter), electrical tissue resection using cutting 
current (Heinrich Hertz, Lee DeForest, Reinhold Wappler, 
George Wyeth), electrical cauterization using coagulating 
current (Edwin Beer, WT Bovie, GH Leibel) and wire loop 
resecting electrode (Maximilian Stern, Theodore M Davis). 

Telescopic wide-field visualization and magnification 
(fore oblique lens by Reinhold Wappler, Hopkins rod lens 
system by Harold Hopkins), consolidation ofinstrumentation 
into a single, practical, workable resectoscope [Maximilian 
Stern, Joseph F. McCarthy, (Fig. 1.30)], description of 
proper technique of transurethral resection (Reed M 
Nesbit, William A Milner), recognition and preventive 
treatment of postoperative complications, such as dilutional 
hyponatremia or transurethral resection syndrome, and 
modern refinements and improvements (Hopkins lens, 
fiber optics, continuous flow, bipolar technology and video) 
made the objective of resection of tissue from the prostate or 
bladder possible, accurately and safely. 


History of Laparoscopy in Urologic Surgery 


A grandchild of the cystoscope, the laparoscope allows 
surgeons to perform minimally invasive surgical 
procedures. The foundation of modern laparoscopy 
was laid in 1805 when Bozzini developed the first self- 
contained endoscope (Bozzini, 1806). Although his 
concept of direct visual inspection of the urethra was 
fiercely rejected by his peers, other investigators pursued 
his original concept; among them was Nitze (1877) who 
was the first to introduce glass optics for magnification 
(Nitze, 1879). 

The shift towards laparoscopy was initiated by Kelling 
(1901), a surgeon who was the first to apply Nitze’s 
cystoscope introduced through a trocar, in a closed-cavity 
endoscopic examination of a living dog. During the initial 
step of this procedure, Kelling insufflated the peritoneal 
cavity with air using a needle to observe changes to the 
intra-abdominal organs at pneumoperitoneum pressures 
sufficient to stop intra-abdominal hemorrhage (i.e. up to 
50-60 mm Hg). 
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The first experimental laparoscopy was performed in 
Berlin in 1901 by German surgeon Georg Kelling who used 
a cystoscope to peer into the abdomen of a dog after first 
insufflating it with air (Fig. 1.32). Kelling also used filtered 
atmospheric air to create a pneumoperitoneum with 
the goal of stopping intra-abdominal bleeding (ectopic 
pregnancy, bleeding ulcers and pancreatitis) but these 
studies did not find any response or supporters. Kelling 
proposed a high-pressure insufflation of the abdominal 
cavity, a technique he called the “Luft-tamponade” or 
“air-tamponade’”. 

In 1938, Janos Veress of Hungary developed a specially 
designed spring-loaded needle. Interestingly, Veress did 
not promote the use of his Veress needle for laparoscopy 
purposes. He used Veress needle for the induction of 
pneumothorax. In 1939, Richard W Telinde tried to perform 
an endoscopic procedure by a culdoscopic approach in the 
lithotomy position. This method was rapidly abandoned 
because of the presence of small intestine. In 1939, Heinz 
Kalk published his experience of 2000 liver biopsies 
performed using local anesthesia without mortality. 

Jacobaeus (1910), an internist in Stockholm is credited 
with transforming Kelling’s concept into a clinical 
diagnostic technique, which he named Koelioskopie. 
Jacobaeus used a trocar with a trapdoor as a single port 
of entry, thus allowing for simultaneous insufflation and 
endoscopy of the abdominal cavity. In the United States, 
Bernheim (1911) performed a visual inspection of the 
peritoneal cavity with a proctoscope, a procedure he 
termed as “organoscopy”, at Johns Hopkins University. 

In 1953, the rigid rod lens system was discovered by 
Professor Hopkins. The credit of videoscopic surgery goes 
to this surgeon who revolutionized the concept by making 


Fig. 1.32: The first experimental laparoscopy was performed in 
Berlin in 1901 by German surgeon Georg Kelling 


this instrument. Kurt Semm, a German gynecologist, 
invented the automatic insufflator in 1966. Kurt Semm 
introduced an automatic insufflation device in 1960 which 
was capable of monitoring intra-abdominal pressures. This 
reduced the dangers associated with insufflation of the 
abdomen and allowed safer laparoscopy. Gynecologists 
had embraced laparoscopy and thoroughly incorporated 
the technique into their practice from 1070. General 
surgeons, despite their exposure to laparoscopy remained 
confined to traditional open surgery. 

In 1977, Kurt Semm first time demonstrated endoloop 
suturing technique in laparoscopic surgery. Hasson 
introduced an alternative method of trocar placement in 
1978. He proposed a blunt minilaparotomy which permits 
direct visualization of trocar entrance into the peritoneal 
cavity. A reusable device of similar design to a standard 
cannula but attached to an olive-shaped sleeve was 
developed by Hasson. Kurt Semm, a German gynecologist, 
performed the first laparoscopic appendicectomy in 1985. 
The first documented laparoscopic cholecystectomy was 
performed by Erich Mühe in Germany in 1985. 


History of Robotics in Urology 


Leonardo’s robot refers to a humanoid automaton 
designed by Leonardo da Vinci around the year 1495. The 
design notes for the robot appear in sketchbooks that were 
rediscovered in 1950s. It is not known whether an attempt 
was made to build the device during Leonardo's lifetime. 
Since the discovery of the sketchbook, the robot has been 
built faithfully based on Leonardo’s design (Fig. 1.33); 
this proved that it was fully functional, as Leonardo had 
planned. 


Fig. 1.33: Model of Leonardo's robot with inner workings, as 
displayed in Berlin 
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The robot is a warrior, clad in German-Italian medieval 
armor that is apparently able to make several human-like 
motions (Fig. 1.34). These motions included sitting up, 
moving its arms, neck and an anatomically correct jaw. It is 
partially the fruit of Leonardo's anatomical research in the 
Canon of Proportions as described in the “Vitruvian Man”. 

In 1985, a robot—the PUMA 560, was used to place a 
needle for a brain biopsy using CT guidance. In 1988, the 
PROBOT, developed at Imperial College, London was 
used to perform prostatic surgery. The ROBODOC from 
Integrated Surgical Systems was introduced in 1992 to 
mill out precise fittings in the femur for hip replacement. 
Further development of robotic systems was carried out 
by Intuitive Surgical Systems with the introduction of the 
da Vinci Surgical System and Computer Motion with the 
AESOP and the ZEUS robotic surgical system (Intuitive 
Surgical bought Computer Motion in 2003; ZEUS is no 
longer being actively marketed). 

The da Vinci Surgical System comprises three 
components: a surgeon’s console, a patient-side robotic 
cart with four arms manipulated by the surgeon (one to 
control the camera and three to manipulate instruments) 
and a high-definition three-dimensional (3D) vision 
system. Articulating surgical instruments are mounted on 
the robotic arms (Fig. 1.35) which are introduced into the 
body through cannulas. The device senses the surgeon’s 
hand movements and translates them electronically into 
scaled-down micromovements to manipulate the tiny 
proprietary instruments. It also detects and filters out any 
tremor in the surgeon’s hand movements so that they 
are not duplicated robotically. The camera used in the 
system provides a true stereoscopic picture transmitted 
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Fig. 1.34: Leonardo da Vinci's drawing of robotic arms moved by 
pulleys is used by modern da Vinci surgical robots 


to a surgeon’s console. The da Vinci System is Food 
and Drug Administration (FDA) cleared for a variety of 
surgical procedures including surgery for prostate cancer, 
hysterectomy and mitral valve repair, and is used in more 
than 800 hospitals in the America and Europe. 

Shortly after, the ZEUS system (Computer Motion Inc. 
Santa Barbara, CA) came onto the market in 1998. This 
system combined an AESOP system with an additional two 
table-mounted robotic arms. At the time, the ZEUS system 
came with instruments with 4° of freedom (like standard 
laparoscopic instruments) but in 2002 their Microwrist 
instruments gained FDA approval. In 2003, Intuitive Surgical 
and Computer Motion Inc. the two leaders in robotic 
surgical technology, merged. As a result, the ZEUS system 
has been phased out. The da Vinci system provided an 
array of instruments with 6° of freedom (Endowrist), greatly 
enhancing the laparoscopic capabilities of the surgeon. 
Currently the da Vinci is the only commercially available 
telesurgical robotic system (Fig. 1.36). The da Vinci system 
was first used clinically for laparoscopic cholecystectomy in 
1997 and gained FDA approval the same year. 

Capitalizing on the steady 3D vision and improved 
dexterity provided by the da Vinci system, the original 
technique was described by Abbou and associates (2001) 
and more recently, other surgeons, such as Ahlering and 
Menon and their associates have matured the procedure 
into aviable alternative to open prostatectomy. By 2005, the 
da Vinci Surgical System has been used to perform almost 
every laparoscopic urologic ablative and reconstructive 
procedure. 

Itis the single robot actually used clinically in minimally 
invasive surgery by various subspecialties. It consists of 


Fig. 1.35: Robotic arm similar to human wrist. Da Vinci surgical 
robot is using the pulley as indicated by Leonardo da Vinci in 1445 
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two entities as illustrated and numbered hereunder: (1) 
a master-slave-system and; (2) the console at which the 
surgeon pilots the device; his assistant working next to the 
robotic arms and the patient (Fig. 1.37). 


History of Stone Disease Management 


The practice of lithotomy or cutting for the stone dates back 
to antiquity and appears in records from societies, such as 
the ancient Greeks, Chinese, Persians and Egyptians. 


Fig. 1.36: DaVinci robotic system 


Frère Jacques Beaulieu, who became a monk and 
traveled the French countryside performing lithotomy for 
nominal fee and often proffered those funds to the poor, 
was the first to practice a lateral approach to perineal 
lithotomy. Frére Jacques performed more than 5,000 
lithotomies in 30 years. Though his mortality rate was 
quite high, he was one of the most celebrated lithotomists 
of his time and his name lives on in children’s song. 

Today new technology, lithotripsy has radically trans- 
formed treatment by pulverizing stones with powerful 
bursts of energy. Yet before it emerged, urologists 
witnessed an evolution of surgical and other techniques. 

While John Jones’ perineal stone procedure (1760) 
initiated urology’s formal history in America, the more 
fascinating footnote may be Philip Syng Physick’s (1831) 
extraction of 1,000 calculi from Supreme Court Justice John 
Marshall's bladder. At the age of 76, Marshall returned to 
the courtroom after his surgery. 

By the 1970s, however less invasive techniques 
overtook open operations with “big” stone surgeries 
involving gentler percutaneous approaches. Today, kidney 
stone patients, if they require surgery, experience smaller 
incisions, shorter hospital stays and smoother recoveries. 

While research continues, urologists have ever- 
evolving techniques to make calculi successfully treatable. 
Even more comforting is the fact that today’s options are 
light, years better from those early lithotomists and their 
“cutting for the stone”. 


Fig. 1.37: The da Vinci Robot 
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History of Extracorporeal Shock Wave Lithotripsy 


The concept of fragmenting stones by using shockwave 
was noted in 1950 in the Institute of Urology Kiev, Russia, 
but no significant work was done until only two decades 
ago. CH Chaussy described in 1980, the first clinical use 
of extracorporeal shock wave lithotripsy (ESWL) for 
fragmentation of renal calculi (Fig. 1.38). 

In the middle and late 70s, research by E Eisenberger, C 
Chaussy and Forssmann (son of the Nobel Prize-winning 
urologist) produced an experimental lithotriptor working 
on dogs with implanted human kidney stones (Fig. 
1.38). The successful animal testing program led to a new 
prototype, the Human Machine (HM1) lithotriptor and 
the first patient was treated with this machine on February 
20, 1980. 

The concept was developed from the unusual patterns 
of metal fatigue in aircraft and theorized that shock 
waves produced by supersonic flight could possibly be 
reflected from one part of the aircraft to others, causing 
the metal fatigue. Shock waves were then created using 
an underwater spark discharge; serendipity led to the 
application of this concept to urolithiasis. 

The first commercially produced lithotriptor, HM3 in 
1984, launched a dramatic revolution of the urologist's 
approach to renal calculi. This remarkable success 
by Dornier quickly stimulated additional research. 
Generation of shock waves using other modalities, such as 
electromagnetic membranes and piezoelectric crystals led 
to a market proliferation with approximately 30 different 
ESWL devices now available (Figs 1.39A and B). 

Stone disease remains one of the most interesting 
aspects of urology, but noninvasive lithotripsy and 
endourology have replaced the open techniques for stone 
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Fig. 1.38: Chaussy, Eisenberger and Forssman reviewing the 
prototype of extracorporeal shock wave lithotripsy equipment 


Figs 1.39A and B: (A) Sketch showing the principle of extra- 
corporeal shock wave lithotripsy; (B) Extracorporeal shock wave 
lithotripsy machine 


removal that dominated treatment from ancient times 
until very recently. 


Laser Lithotripsy 


Albert Einstein assumed the theoretical existence of light 
amplification by stimulated emission of radiation (laser) 
as early as 1917. In 1960, TH Maiman discovered the fact 
that the ruby laser was capable of cutting and coagulating 
tissue. The Neodymium-Yttrium-Aluminum-Garnet 
laser (Nd:YAG) was developed in 1961 by LF Johnson 
and K Nassau. Research showed that all stones become 
fragmentable if the energy is absorbed and vaporization of 
H,O at surface and in pores of stone is achieved. Holmium 
YAG Laser was developed which functions at 2100 nm near 
infrared portion of wave spectrum. It worked efficiently 
independent of color and composition of stone. 


History of Treatment of Prostate Cancer 


In 1962, Stanford University’s Malcolm Bagshaw showed 
that high-dose, radioactive gold celluloid radiation could 
be a treatment of choice for men with early (and even 
advanced) prostate cancers. Charles B Huggins, from 
University of Chicago (Fig. 1.40), made history by altering 
the body’s hormonal milieu to slow or stop cancer cell 
growth. He showed that either surgically removing 
testicles or suppressing their testosterone action with 
medication could turn off the fuel to hormone-driven 
malignant cells. 

Huggins with Clarence V Hodges, initiated their 
hypothesis on benign enlarged prostates of dogs, 
eliminating the testicles to shrink the gland and then 
injecting hormones before measuring regrowth. Huggins 
with Hodges, RE Stevens Jr and William W Scott, confirmed 
that malignant prostate cells had a similar dependence on 
hormones. Castration and/or doses of the female hormone 
estrogen could slow or retard tumor growth. 
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Fig. 1.40: Charles B Huggins, from University of Chicago, USA 


His epic discovery earned him the Nobel Prize in 1966. 
Huggins also tried to remove the adrenal and pituitary 
glands to block testosterone formation completely. Both 
methods peaked briefly in the 1940s, but disappeared 
because of too many endocrine complications and very 
few successes. 

Based on its power to counteract testosterone, estrogen 
therapy emerged quickly after Huggins’ successes. But by 
the early 1970s, multicenter studies documented that men 
on high doses had significantly higher non cancer death 
rate. Fortunately, by reducing dosages, urologists could 
retard the tumors without risking the accompanying heart 
problems. 

Today, synthetic luteinizing hormone-releasing 
hormone agonists (which block the production of 
testosterone) are the medication mainstay for advanced 
cancer. Since the 1980s, injectable drugs, such as 
leuprolide acetate and goserelin acetate, are administered 
every 3 or even 12 months to shut down testosterone 
production. In the interim, oral androgen-blocking agents, 
such as flutamide, boost the overall effect by preventing 
testosterone from attaching to prostate cells. Together, 
these medications bring dramatic, even miraculous 
improvements to quality of life. 

Physicians soon may have therapies that derail the 
disease long before Huggins’s therapy is necessary. With 
science shedding new light on this old threat, their patients 
may bask in the reality, not just the hope of a cure. 


History of Radiologic Imaging 


With the introduction of X-rays by German professor 
Wilhelm Conrad Röntgen (Fig. 1.41) on November 8, 1895, 
physicians had a noninvasive tool to survey the urinary 


Fig. 1.41: German professor Wilhelm Conrad Röntgen 
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Fig. 1.42: The first X-ray picture precludes the accidental 
discovery of X-ray. In 1895, a German physicist named Wilhelm 
Konrad Rontgen accidentally discovered a form of radiation that 
could penetrate opaque objects and cast ghostly images on a 
photographic plate. Rontgen called his discovery X-radiation (the 
X was for “unknown”), and to prove its existence he took a picture 
of his wife’s hand by exposing it to a beam of its rays. The result 
showed the bones of her hand and a ring on her finger as dark 
shadows on the photographic plate. It was the first X-ray image 
ever deliberately recorded 


tract. Other technologies, such as ultrasound, computed 
tomography (CT) and magnetic resonance imaging (MRI), 
would eventually shine in their ability to delineate organs, 
diagnose disease and determine treatment, but nothing 
changed the medical landscape quite like the notion of 
a penetrating invisible ray that could show the body’s 
interior. Röntgen called them “X-rays” (Fig. 1.42) because 
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of their unknown origins; others identified them as high- 
energy electromagnetic radiations. Physicians eagerly 
embraced the discovery and set out to shed light on the 
body, particularly the urinary tract. Curiously, a Scottish 
otolaryngologist, John Macintyre would make the first 
radiograph of a kidney stone in a patient on April 2, 1896. 

While Röntgen had demonstrated that dark and light 
areas on photographic film were caused by differential 
absorption of rays passing through various densities, it 
was obvious that additional contrast would be needed to 
distinguish kidneys, ureters or bladder. 

But not until 1906, when German surgeons Alexander 
von Lichtenberg and Fritz Voelcker reported success 
instilling silver solution, Collargol, through the bladder up 
into the kidneys, would physicians have a way to evaluate 
specific urinary tract areas. Retrograde pyelography made 
previously undisclosed genitourinary disorders vulnerable 
to disclosure. Swick’s intravenous pyelogram heralded a 
new era in urologic diagnosis. Finally, doctors had a less 
invasive and more comprehensive method of imaging 
stones, cysts and tumors with a relatively nontoxic medium. 

In time, other sophisticated imaging techniques, 
such as ultrasonography, CT and MRI scanning, would 
dramatically reduce the need for excretory urography by 
providing views it could not impart. Doctors could now 
diagnose any urinary tract disorder with greater speed, 
depth and accuracy using tests that were noninvasive, 
painless and safe. 

Ultrasound, which uses the same Doppler sonar that 
quietly detects submarines and which dolphins use for 
echolocation, emerged as a gentle diagnostic tool when it 
debuted in the 1950s. By measuring the acoustical delays 
of high-frequency sound waves pulsating through the 
body, sonography enjoys an indispensable role assessing, 
differentiating and evaluating many problems in the 
urinary tract. 


History of Computed Tomography Scan 


Computed tomography was discovered independently by 
a British engineer named Sir Godfrey Hounsfield and Dr 
Alan Cormack. It has become a mainstay for diagnosing 
medical diseases. For their work, Hounsfield and Cormack 
were jointly awarded the Nobel Prize in 1979. Computed 
tomography scanners first began to be installed in 1974. 
Currently, because of advances in computer technology, 
CT scanners have vastly improved patient comfort because 
they are now much faster (Fig. 1.43). These improvements 
have also led to higher resolution images, which improve 
the diagnostic capabilities of the test. 

Computed tomography scanning added a dramatic, 
high-resolution dimension to uroradiology when it 


Fig. 1.43: Modern computed tomography scan machine 


appeared in 1972. By capturing exquisite image slices 
of tissue, it became essential in evaluating the entire 
spectrum of urological diseases. The “spiral CT” has only 
reinforced its position by producing volumes of real-time 
data in just seconds. 

In the early 1900s, the Italian radiologist Alessandro 
Vallebona proposed a method to represent a single slice of 
the body on the radiographic film. This method was known 
as tomography. The idea is based on simple principles 
of projective geometry: moving synchronously and in 
opposite directions the X-ray tube and the film, which are 
connected together by a rod whose pivot point is the focus; 
the image created by the points on the focal plane appears 
sharper, while the images of the other points annihilate as 
noise. This is only marginally effective, as blurring occurs 
only in the “x” plane. 

There are also more complex devices which can move in 
more than one plane and perform more effective blurring. 
The first commercially viable CT scanner was invented by 
Sir Godfrey Hounsfield in Hayes, United Kingdom at EMI 
Central Research Laboratories using X-rays in 1967. 


History of Magnetic Resonance Imaging 


Magnetic resonance imaging, as with all medical imaging 
techniques, is a relatively new technology with its 
foundations beginning during the year of 1946. Felix Bloch 
and Edward Purcell (Fig. 1.44) independently discovered 
the magnetic resonance phenomena during this year and 
were later awarded the Nobel Prize in 1952. Until the 1970s, 
MRI was being used for chemical and physical analysis. 
Then in 1971, Raymond Damadian (Fig. 1.45) showed 
that nuclear magnetic relaxation times of tissues and 
tumors differed in motivating scientists to use MRI to 
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Fig. 1.44: Eward Purcell 
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Fig. 1.45: Raymond Damadian 


study disease. With the advent of CT (using computer 
techniques to develop images from MRI information) 
in 1973 by Hounsfield and echo-planar imaging (a rapid 
imaging technique) in 1977 by Mansfield, many scientists 
over the next 20 years developed MRI into the technology 
that we now know today. 

Magnetic resonance imaging technology provided 
unique structural and biochemical information when 
it emerged in the 1980s. By measuring the absorption of 
high-frequency radio waves beamed into a body subjected 
to magnetic fields, it takes the assessment of complex 
masses and many urological diseases to a new precision 
level. Edward Purcell of Harvard University and Felix 
Bloch of Stanford University were awarded the Nobel 
Prize in physics in 1952 for magnetic resonance studies 
beginning in 1946. While magnetic resonance was being 
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Fig. 1.46: Magnetic resonance imaging scanning machine 


studied in the 1940s and 1950s, it was not until the 1980s 
that an MRI scanning machine (Fig. 1.46) was available as 
a diagnostic resource on humans. 

These technologies have given urologists a great 
versatility, but they are also a harbinger of future 
developments as scientists search for more effective ways 
to diagnose and screen patients. Urologists may soon add 
“digital” and “virtual reality” to their daily lexicon, reading 
filmless “real-time” images on hand-held computer 
devices and rehearsing “virtual” surgeries before touching 
the patients. With such possibilities illuminating its future, 
uroradiology’s next 100 years promise to be brighter than 
the past. Yet nothing has ever enlightened urologists quite 
like the inventive genius of Röntgen and the first radiologic 
milestone—the X-ray. 


History of Treatment of Urinary Incontinence 


Leaking urine are often the most neglected, especially by 
women who make up 85% of incontinence sufferers. In 
both male and female, the condition appears in various 
forms, involving the bladder, urethra or the sphincter, 
as well as the central nervous system, and triggered by 
various causes. Stress incontinence is common to women; 
postsurgical incontinence is most frequent in men who 
have undergone prostatic surgery. 

Civilization’s earliest physicians first postulated that 
sphincter breakdown or bladder weakness caused leaking, 
but it wasn’t until the 1970s, when urodynamic equipment 
became sophisticated that urologists began to understand 
the mechanisms that control voiding. 

Johns Hopkins’s gynecologist Howard Kelly introduced 
the first plication or tucking, operation for women in 1914. 
This colporrhaphy, surgical repair of the vagina secured 
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the area of the bladder neck with stitches on either side of 
the urethra. 

In 1949, a group of specialists, led by urologist Victor 
F Marshall, produced the Marshall-Marchetti-Krantz 
(MMK) procedure, a retropubic suspension of the bladder 
neck that used an incision in the lower abdomen. Through 
the incision, urologists stitched the tissue surrounding the 
bladder neck to the bone or supporting structures. 

Both the MMK procedure and JE Burch’s 1961 
minimally invasive variation (urethropexy) yielded easy 
access to immobilize the junction. Another version is the 
transvaginal approach to bladder suspension—pioneered 
in 1959 by AJ Pereira and since modified by other urologists, 
including Thomas Stamey, Shlomo Raz and RF Gittes. The 
transvaginal approach involves elevating the bladder neck 
with sutures placed in the abdominal or pelvic walls. 

Yet the bigger milestones involved the use of internal 
and external devices to compress the urethra or sphincter. 
The forerunners of today’s Cunningham and Baumrucker 
penile clamps were crude devices that emerged circa 1750 
that were used outside the penis to clamp it and constrict 
the urethra. 

Nearly two centuries later, in 1947, Minneapolis 
urologist Frederick EB Foley introduced the first artificial 
sphincter. Patients controlled the artificial sphincter by 
compressing a pocket device to inflate a pneumatic cuff 
positioned around surgically segmented portions of the 
urethra to control the flow of urine. 

In 1961, a Veterans Administration urologist in 
Albany, New York, John Berry, became the first to restore 
continence by compressing the urethra with implanted 
acrylic and Silastic blocks. While early results were 
encouraging, these devices proved disappointing because 
they shifted out of place and eroded into the urethra 
(Fig. 1.47). In 1978, Joseph J Kaufman, of the University 
of California, Los Angeles, introduced an implantable 
silicone-gel “pillow” to cause urethral resistance, based 
on earlier versions, but implanted artificial sphincters, 
the surgical brainchild of Baylor College of Medicine’s 
F Brantley Scott, soon surpassed the prosthesis. First 
introduced in 1973, this device would become a viable 
solution for post-prostatectomy patients suffering from 
incontinence. Today’s model works by keeping the urethra 
closed until necessary. To empty the bladder, the patient 
squeezes and releases a scrotum pump, which empties 
fluid from a sphincter cuff (positioned around the urethra) 
into a pressure-regulating balloon (Fig. 1.48). With 
pressure relieved from the urethra, urine flows freely. As 
the bladder empties, the fluid of the balloon automatically 
moves back into the cuff, squeezing the urethra shut and 
preventing leaks. 


Fig. 1.47: Primitive anti-incontinence devices and initial model 
of artificial sphincter 


Fig. 1.48: Artificial urinary sphincter 


The vast majority of patients suffer from bladder 
function-related incontinence. Surgery is rarely needed 
in these cases. Urologists have medications to tap for 
both genders to improve urine storage, improve bladder 
emptying or increase sphincter closure and relaxation. 
Oxybutynin chloride (Ditropan XL) and _tolterodine 
tartrate (Detrol LA) reduce overactive bladders by 
blocking acetylcholine, the chemical that causes muscle 
contractions. These drugs are hardly the end-all. As 
urologists look forward, they anticipate more effective 
drugs delivered in patches or implantable devices. A 
bladder pacemaker is used to control overactive bladder. 

At the University of Pittsburgh Medical Center, 
Michael Chancellor and his colleagues are researching 
the effects that stem cells can have on the growth of new 
tissue in denervated rat sphincters. In the future, it could 
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be possible to rehabilitate “worn-out” sphincters and 
other organs to restore urologic health without implants, 
pharmaceuticals or surgery. 


History of Management of Female 
Sexual Dysfunction 


Not since William Masters and Virginia Johnson described 
vaginal changes during sexual arousalin 1966 has so much 
attention been paid to female physiology as it relates to 
sexual function or the lack thereof. 

In 1997, more than 30 years after Masters and Johnson 
published their groundbreaking book, Human Sexual 
Response, Boston University’s Kwangsung Park suggested 
that diminished blood flow reduced arousal in the clitoris 
and vagina, just as it did in the penis. With animal models, 
he was the first to show that a woman’s problems could be 
physiological. 

The lack of consensus on definitions of what 
female sexual dysfunction was clinically and the fact 
that psychologists and physicians had been working 
independently up to that point laid the ground for a 1998 
international meeting that delivered a roadmap for female 
sexual dysfunction. For the first time, a multidisciplinary 
panel sponsored by the American Foundation for Urologic 
Disease, standardized existing disorders of sexual arousal, 
desire, orgasm and pain for women, confirming that they 
could be triggered by physiological and psychological 
causes—the need for additional research in the area. 

Yet, despite the accelerated pace in recent years, 
research on female sexual dysfunction still lags behind that 
of men who, for centuries, have taken desperate measures 
to recapture their sexual vigor. In 2000, the FDA approved 
the first female prosthesis, the EROS clitoral device. 


History of Management of Male Sexual Dysfunction 


There was no practical solution for the management of 
sexualdysfunctioninmale. Herbalandtraditionalmedicine 
was available, but with no practical impact. In 1973, 
F Bradley Scott and his Houston colleagues had succeeded 
in implanting a device into the penis that could be pumped 
with saline to achieve erection. Shortly thereafter, Michael 
Small and Hernan Carrion introduced an implantable, 
rigid rod as prosthesis. While others added silver wire 
and hinges, these models were the prototypes of today’s 
prosthesis, but the introduction of the penile prosthesis 
(Fig. 1.49) paled in comparison to British physiologist Gile 
Brindley’s dramatic demonstration at the 1983 Annual 
Meeting of the AUA. Brindley closed his lecture by dropping 
his pants to reveal a perfectly-erect phenoxybenzamine- 
induced erection. 


Fig. 1.49: Inflatable penile prosthesis for erectile dysfunction 


Fig. 1.50: Intracavernosal self injections for erectile dysfunction 


During the same period, French vascular surgeon 
Ronald Virag introduced the intracavernosal selfinjections 
(Fig. 1.50) with injectable phentolamine and papaverine. 
In the meantime, two functional tests for penile circulation 
were developed: one was a duplex ultrasound test by Tom 
F. Lue at the University of California, San Francisco, and the 
other was dynamic cavernosometry and cavernosography 
by Irwin Goldstein at Boston University. 

Moreover, at the University of California, Los Angeles, 
Jacob Rajfer and Louis Ignarro (a Nobel laureate) 
identified nitric oxide as the principal neurotransmitter 
for penile erection. Their work led to the development 
of PD5 inhibitor. Sildenafil citrate appeared in market in 
the name of Viagra from Pfizer in the late 1990s. Since the 
advent of sildenafil citrate, two other drugs vardenafil and 
tadalafil have also entered the erectile dysfunction (ED) 
arena. 
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GREAT MIND AND PHILOSOPHERS IN UROLOGY 
Philipp Bozzini (1773-1809) 


Philipp Bozzini (Fig. 1.51) born in Frankfurt, Germany on 
May 25, 1773, went to school in Mainz where he began to 
study medicine. In 1794, he went to the University of Jena 
in Germany and eventually returned to Mainz where he 
received his doctorate in 1796. 

Bozzini was fascinated with creating an instrument 
that would allow a physician to look into the inner 
cavities of the human body. He first presented his idea, 
the Lichtleiter or “Light Conductor” to the public in 1804 
and officially on February 7, 1805. In July of 1806, the 
instrument was demonstrated at a scientific session in 
Frankfurt and it was noted that the application of his 
instrument for the inspection of the pharynx and the nasal 
cavities was indeed remarkable. Bozzini presented his 
first publication in 1806 in Hufeland’s Journal of Practical 
Medicine, Volume 24, under the title “Light Conductor, an 
Invention for the Viewing of Internal Parts and Diseases 
with Illustration.” Bozzini’s invention was honored and 
it was mentioned as the first laryngoscope. After saving 
42 of his patients suffering from typhoid fever, Bozzini 
succumbed to it himself on April 4, 1809. 


Sir Alexander Fleming 


Sir Alexander Fleming (Fig. 1.52) was born at Lochfield 
near Darvel in Ayrshire, Scotland on August 6, 1881. 
He attended Louden Moor School, Darvel School, and 
Kilmarnock Academy before moving to London where he 
attended the Polytechnic. Early in his medical life, Fleming 
became interested in the natural bacterial action of the 


Fig. 1.51: Philipp Bozzini (1773-1809) 


Fig. 1.52: Sir Alexander Fleming 


blood andin antiseptics. He was able to continue his studies 
throughout his military career and on demobilization, he 
settled to work on antibacterial substances which would 
not be toxic to animal tissues. 

In 1921, he discovered that in tissues and secretions, 
an important bacteriolytic substance exists, which he 
named lysozyme. About this time, he devised sensitivity 
titration methods and assays in human blood and other 
body fluids, which he subsequently used for the titration 
of penicillin. 

In 1928, while working on influenza virus, he observed 
that mould had developed accidently on a staphylococcus 
culture plate and that the mould had created a bacteria- 
free circle around itself. He was inspired to further 
experiment and he found that a mould culture prevented 
growth of Staphylococci, even when diluted 800 times. He 
named the active substance “penicillin”. Sir Alexander 
Fleming was awarded the Nobel Prize in Physiology or 
Medicine in 1945. 


Frederic Eugene Basil Foley, MD (1891-1966) 


Frederic Eugene Basil Foley (Fig. 1.53), born in St. 
Cloud, Minnesota in 1891, Frederic Eugene Basil Foley, 
MD started out as a language major, teaching English, 
as he earned his bachelor’s degree from Yale in 1914. He 
received his medical degree from “The Johns Hopkins 
School of Medicine” in 1918 and worked for the next 2 
years with William Halsted, MD in the general surgical 
wards. He then spent some time with Harvey Cushing, MD 
and from 1920-1921, was a member of the surgical house 
staff of the Peter Brigham Hospital in Boston. 

Dr Foley is best known to modern urologists as the 
man whose name is attached to the self-retaining balloon 
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Fig. 1.53: Frederic Eugene Basil Foley, MD (1891-1966) 


catheter. Dr Foley was one of a number of urologists who 
had worked with various types of catheters to develop a 
self-retaining instrument. 

Dr Foley also invented a hydraulic table and was 
probably the first to describe an artificial sphincter, an 
inflatable pneumatic cuff that was placed around the 
urethra, partially isolated from the penile shaft by creating 
a “suitcase handle.” A few years later, he presented his 
rotatable resectoscope that was somewhat bulky and like 
most others of its kind, did not survive the test of time. Dr 
Foley died in 1966 of lung cancer. 


Harold Hopkins, MD (1918-1994) 


Harold Hopkins, MD was born on December 6, 1918 in the 
United Kingdom and won a scholarship to the Gateway 
School. He went on to Leicester University where he 
studied physics and mathematics and obtained his degree 
in June 1939. At the beginning of the war, his military 
service was deferred and he was sent to work for a firm of 
optical instrument-makers in Barnet who were developing 
a variety of instruments for the war effort. Upon entering 
the army, he rapidly rose through the ranks, becoming 
Lance Corporal. 

After the war, Dr Hopkins became the research 
fellow at Imperial College, London in 1947 and quickly 
became lecturer and reader. Influence from Nairs Craig 
and another friend, Hugh Gainsborough, MD, directed 
him towards optical physics. Dr Gainsborough pushed 
Dr Hopkins to create new instruments for performing 
gastroscopies. 

Between 1954 and 1970, three inventions introduced by 
Dr Hopkins changed the face of endoscopy and paved the 
way for minimally invasive surgery. First, came the flexible 


light guide made up of bundles of glass fibers, each coated 
with glass of a different refractive index, along which light 
of unlimited brightness could be guided into any body 
cavity. This innovation addressed the problem of a century 
of rigid metal tubes that were used as endoscopes. 

The second invention was Dr Hopkins’ revolutionary 
telescope. Instead of using tiny glasses separated by spaces 
of air, he used air lenses separated by rods of glass. Needing 
no tubular metal to keep the lenses apart, the entire width 
of the telescope was available for the transmission of light. 
Compared with the prewar systems, Dr Hopkins’ system 
provided a total light transmission that was 80 times better. 
Furthermore, because the rods could be held steady, it was 
possible to grind and coat their surfaces to a new order of 
accuracy and the rod-lens telescopes had the precision of 
a microscope. The powerfully illuminated images amazed 
the older generation of endoscopists. 

The third invention was to coil the glass fibers on a 
wheel and glue them together at one point at which they 
were cut. At this point, the fibers were enclosed in a loose 
sheath so that they were entirely flexible. Where they 
were cut, the fibers coincided with each other so that an 
image put at one end came out at the other in dots, like 
an image of a newspaper photograph. A new family of 
flexible endoscopes quickly emerged, making it possible 
to perform gastroscopy, colonoscopy, bronchoscopy, 
cystoscopy and laryngoscopy without danger or great 
discomfort. The instruments made it possible to take 
biopsies, cut strictures, remove stones, destroy small 
tumors and stop bleeding with diathermy or laser. 

Dr Hopkins first filed a patent application for the 
rod-lens system in 1959. However, the English and 
American companies to whom he offered the system 
displayed little interest. The situation changed in 1965, 
when Professor George Berci informed Karl Storz, a 
manufacturer of precision medical instruments, about 
the principle of the rod-lens system. Storz immediately 
recognized the potential of the rod-lens system even 
though the first laboratory sample of the rod-lens telescope 
that he examined was still inferior to the conventional lens 
systems of the time in terms of optical quality. Thus, two 
talented individuals, a scientist and a precision instrument 
maker, enabled urology to make tremendous advances in 
the science of endoscopy and cystoscopy. Dr Hopkins died 
in 1994. 


Joseph Francis McCarthy, MD (1874-1965) 


Joseph Francis McCarthy (Fig. 1.54), MD, born on June 
12, 1874 in Yonkers, New York. Dr McCarthy studied and 
worked at the urologic clinics of Berlin, Vienna and Paris. 
After his return to the United States, he worked at the New 
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Fig. 1.54: Joseph Francis McCarthy, MD (1874-1965) 


York Postgraduate Medical School and Hospital and was 
appointed as the professor of urology in 1917. He also 
became a clinical professor at the Columbia University 
College and in 1938 accepted the directorship of the 
department of urology at the New York Polyclinic Medical 
School and Hospital until 1940. 

Dr McCarthy had an avid interest in diagnostic 
procedures and instruments. Among his best known 
instruments are his foroblique lens that he designed 
with Reinhold Wappler of ACMI and a pan endoscope 
for this lens system. His other instrument is based on 
the developments of Maximilian Stern and TM Davis 
and is still known as the Stern-McCarthy resectoscope. 
In 1941, Dr McCarthy was awarded the Francis Amory 
Prize by the American Academy of Arts and Sciences 
for the development of such urologic instruments. 
His resectoscope led to the development of numerous 
modifications, all based on his design. It is still used in 
many places. Dr McCarthy died on January 21, 1965. 


Charles Brenton Huggins, MD Nobel Laureate in 
Urology (1901-1997) 


Nobel Prize winner Charles B Huggins, MD (Fig. 1.55) was 
born on September 2, 1901 in Halifax, Nova Scotia where he 
went to public school and college. He then went to Harvard 
Medical School, where he was the youngest student in his 
class and graduated in 1924. He subsequently moved to 
the University of Michigan where he did his internship and 
began his specialty training. 

He continued this training at the University of Chicago 
where he was offered a position as a research assistant and 
shortly thereafter, the directorship of the division of urology. 
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Fig. 1.55: Charles Brenton Huggins, MD Nobel Laureate 
in Urology (1901-1997) 


Dr Huggins was known for his curiosity, creativity and 
almost old-fashioned hard work, frequently coupled with 
his delicate humor. His first major research dealt with 
induced transformation of one cell type into another, 
transforming fibrous tissue into bone by implanting 
bladder epithelium in a different host site. Dr Huggins 
wrote about this: the actual value of this spectacular 
experiment was to lead a young practitioner into the 
delights of discovery in the exciting world of research. 

His next research activity dealt with the relation of body 
temperature to hematopoiesis in bone marrow. This work, 
based on transplantation of bone marrow from a rat tail 
into the abdomen, resulted in one of the three gold medals 
he received from the American Medical Association. 

In the late 1930s (with his students Clarence V Hodges 
and William W Scott), he studied the relationship between 
the endocrine system and function of the prostate gland, and 
later the control of inoperable prostate cancer. Until then, 
metastatic pain had been treated by a radiation of nerve 
roots and through successively larger doses of alkaloids. 

Hormonally-induced regression of prostatic carcinoma 
and particularly the resolution of pain were many times 
quite spectacular. “Humanity owes a great debt to Charles 
Huggins,” said Paul Talalay, Director Emeritus of the 
pharmacology department at The Johns Hopkins University 
and a previous student and collaborator of Dr Huggins. 

In October 1966, Dr Huggins received the highest 
decoration in the scientific world, the Nobel Prize for 
Physiology and Medicine, jointly with the virologist 
Peyton Rous. It honors the importance of Huggins’ work 
and research that influenced other scientists and their 
research relating to the behavior of cancer cells. His 
discovery opened an era of rational chemotherapy of 
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malignant diseases through manipulation of the endocrine 
regulation. 

He was able to demonstrate in 1951 that breast cancer 
was, like prostate cancer, dependent on specific hormones 
and that advanced breast cancer could be influenced 
positively through hormonal manipulation. However, only 
30-40% of women with breast cancer responded positively 
to this treatment. Huggins, searching for a method to 
predict positive responses, convinced his colleague 
Elwood Jensen at the Ben May Laboratories in Chicago to 
develop a method to identify estrogen receptors. This has 
led to today’s classification of breast cancer as estrogen- 
receptor positive or negative, an important prognostic and 
therapeutic marker. 

Dr Huggins received numerous awards and honorary 
degrees and in addition to the Nobel Prize received the 
“Pour L’Merit Order of the Federal Republic of Germany” 
in 1958. The AUA awarded Dr Huggins the Ramon Guiteras 
Award in 1966. He was the last of the original eight faculty 
members of the University of Chicago and died on January 
12, 1997 at the age of 95. 


Jack Lapides, MD (1914-1995) 


Jack Lapides, MD (Fig. 1.56) was born in 1914 in Rochester, 
New York. His entire academic career was spent at the 
University of Michigan where his urologic training was 
under the aegis of Dr Reed Nesbit. He later became the 
chief of the section of urology from 1968-1984. 

Dr Lapides published extensively and concentrated 
on topics pertaining to bladder physiology and the 
neuropathic bladder. His greatest contribution was simple 
but revolutionary development of clean, intermittent 


catheterization. In 1987, the AUA awarded Dr Lapides the 
Ramon Guiteras Medal. He died on November 14, 1995. 


Terence Millin, MD 


Terence Millin, MD (Fig. 1.57) was born in County Down, 
Ireland in 1903. After studying at St. Andrew’s College 
in Dublin and Trinity College, he studied medicine at 
Middlesex Hospital and Guy’s Hospital in London. 

Dr Millin held the position of senior house surgeon 
at the General Hospital in Northampton and assistant 
surgeon at Sir Patrick Dun’s Hospital in Dublin. He then 
went to London and became a specialist in genitourinary 
surgery. Dr Millin created an operation for urinary 
incontinence in men and by the early 1940s he was well 
versed in the technique of transurethral resection. 

In 1945, Dr Millin published a paper in “The Lancet” 
that introduced the retropubic approach to prostatectomy, 
the first alternative to the perineal approach promoted by 
American surgeons. 


Hugh Hampton Young, MD (1870-1945) 


Hugh Hampton Young, MD (Fig. 1.58) was born in San 
Antonio, Texas in 1870. He attended the University of 
Virginia where, in 4 years, he received a bachelors, masters 
and medical degree by 1894. He returned to San Antonio 
to begin a surgical practice but realized his limitations very 
quickly and decided to go to “The Johns Hopkins Hospital” 
for postgraduate education. Working in the surgical 
dispensary, he eventually obtained a position as a resident 
on the surgical wards. By 1897, three years after graduating 
from medical school, Dr Halsted, the chief of surgery asked 


Fig. 1.56: Jack Lapides, MD (1914-1995) 


Fig. 1.57: Terence Millin, MD 
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Fig. 1.58: Hugh Hampton Young, MD (1870-1945) 


Dr Young to take charge of the “genitourinary surgery 
division.” Thus began the career of the individual who is 
considered the “Father of American Urology.” 

Dr Young remained at Hopkins and developed a 
number of innovative instruments and techniques. His 
first new instrument was the “punch” for blind resection 
of obstructing bladder neck and prostatic tissue, which led 
to the development of numerous others. 

Dr Young was president of AUA in 1909 and became 
president of the International Association of Urology in 
1927. While recuperating from a herpes zoster infection 
in 1940, Dr Young dictated his last major book: “Hugh 
Young: A Surgeon’s Autobiography.” He died after several 
heart attacks in 1945 in Baltimore. 


Maximilian Carl-Friedrich Nitze, MD (1848-1906) 


Maximilian Carl-Friedrich Nitze, MD (Fig. 1.59) was born in 
September of 1848 in Berlin, Germany. He studied medicine 
in Heidelberg, Wiirzburg and Leipzig. Nitze obtained 
his medical degree in 1874 and made it his life’s task to 
develop endoscopes with new properties and a new range 
of applications. On October 2, 1877, Nitze used a cadaver 
to demonstrate his “Kystoskop” and “Urethroskop” in 
Dresden. On May 9, 1879 he and an associate demonstrated 
the instrument in Vienna on a living patient. 

Nitze returned to Berlin, where he opened a private 
institute for bladder and kidney disease and also gave 
special cystoscopy courses for colleagues from Europe and 
abroad. 

Initially striving for improvements, Nitze eventually 
became so rigid that he would not tolerate any change in 
the optics of his instruments. 

In 1889, he published the first textbook of cystoscopy. 
The year 1887 had seen the development of the Edison light 


Fig. 1.59: Maximilian Carl-Friedrich Nitze, MD (1848-1906) 


bulb and the continuation of improvements in endoscopic 
instruments. It was several years before Nitze agreed to 
incorporate the small new light bulb of Henry Koch and 
Charles Preston into his cystoscope. He continued to 
develop the irrigation cystoscope, the photocystoscope 
and the operating cystoscope in collaboration with the 
instrument makers Hartwig, Loewenstein, Hirschmann 
and Heyneman. In 1894, he published the first atlas of 
cystoscopy. In 1902, the AUA was founded and Nitze 
became an honorary member. Two years later, on the 
silver anniversary of the first live demonstration of the 
cystoscope, he was showered with letters of recognition 
from around the world. He died from a stroke in 1906. 


Wilhelm Conrad Röntgen (1845-1923) 


Wilhelm Conrad Röntgen was born on March 27, 1845, at 
Lennep in the Lower Rhine Province of Germany. In 1862, 
he entered a technical school at Utrecht where he was 
however unfairly expelled, accused of having produced a 
caricature of one of the teachers, which was in fact done 
by someone else. 

In 1869, he graduated PhD at the University of 
Zurich, was appointed assistant to Kundt and went with 
him to Würzburg in the same year, and 3 years later to 
Strasbourg. In 1874, he was qualified as a Lecturer at 
Strasbourg University, and in 1875 he was appointed as 
Professor in the Academy of Agriculture at Hohenheim 
in Württemberg. In 1876, he returned to Strasbourg as 
Professor of Physics, but 3 years later he accepted the 
invitation to the Chair of Physics in the University of 
Giessen. In 1900, he accepted the chair in the University 
of Munich by special request of the Bavarian government, 
as successor of E Lommel. Here he remained for the 
rest of his life. On the evening of November 8, 1895, he 
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found that if the discharge tube is enclosed in a sealed, 
thick black carton to exclude all light and if he worked 
in a dark room, a paper plate covered on one side with 
barium platino-cyanide placed in the path of the rays 
became fluorescent even when it was as far as 2 m from 
the discharge tube. During subsequent experiments he 
found that objects of different thicknesses interposed 
in the path of the rays showed variable transparency to 
them when recorded on a photographic plate. When he 
immobilized the hand of his wife in the path of the rays 
over a photographic plate for a few minutes, he observed 
after development of the plate an image of his wife’s hand 
which showed the shadows thrown by the bones of her 
hand and that of a ring she was wearing, surrounded by 
the penumbra of the flesh, which was more permeable to 
the rays and therefore threw a fainter shadow. This was the 
first “réntgenogram” ever taken. In further experiments, 
Röntgen showed that the new rays are produced by the 
impact of cathode rays on a material object. As their 
nature was then unknown, he gave them the name X-rays. 
Later, Max von Laue and his pupils showed that they are 
of the same electromagnetic nature as light but differ from 
it only in the higher frequency of their vibration. 

Numerous honors were showered upon him. In several 
cities, streets were named after him and a complete list 
of prizes, medals, honorary doctorates, honorary and 
corresponding memberships of learned societies in 
Germany, as well as abroad. Röntgen married Anna Bertha 
Ludwig of Ziirich whom he had met in the café run by 
her father. She was a niece of the poet Otto Ludwig. They 
married in 1872 in Apeldoorn, The Netherlands. They had 
no children, but in 1887 adopted Josephine Bertha Ludwig, 
then aged 6, daughter of Mrs. Réntgen’s only brother. Four 
years after his wife, Röntgen died at Munich on February 
10, 1923 from carcinoma of the intestine. 


Ronald Virag, MD (1938) 


Ronald Virag, MD (Fig. 1.60), a vascular surgeon, is 
known for his work with phentolamine and papaverine for 
ED during the 1980s. He was born in Metz, France in 1938. 
Dr Virag graduated from Paris University in 1962. After 
training in general and cardiovascular surgery at Paris 
hospitals, Dr Virag in 1977, created a multidisciplinary 
group for studying erectile dysfunction, on which he had 
focused since 1978. In 1981, he founded a private institute 
in France devoted to the clinical study and research 
on impotence and developed early programs using 
intracavernous drugs to treat the condition. 

During his career, Dr Virag has belonged to the French 
college for vascular pathology, the International College of 
Angiology (FICA), the International Union of Angiology, 


the French Society of Microcirculation and the AUA. He 
has also published numerous books and articles. Dr Virag 
received the Gold Medal of the Merit “Rene Fontaine” from 
the Brazilian Society for Angiology and Vascular Society. 
He presented at the AUA’s John Lattimer Lecture in 1986. 


Donald F Gleason, MD, PhD (1920) 


Donald F Gleason (Fig. 1.61), MD, PhD was born in 
Spencer, Iowa on November 20, 1920. Dr Gleason earned 
his medical degree in 1944 in the Army Specialized 
Training Program at the University of Minnesota. Dr 
Gleason passed his anatomic and clinical pathology 
boards in 1952. He served as chief of laboratory in the 
Veterans Administration (VA) Hospital between 1954 and 
1975 and then obtained his PhD from the University of 
Minnesota in 1966. 


Fig. 1.61: Donald F Gleason, MD, PhD (1920) 
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As chief of laboratory, Dr Gleason joined the VA 
Cooperative Urological Research Group study of prostate 
cancer. With them, he devised a grading system based on 
the increasing disorganization of the histologic structure of 
the prostate cancers. The histologic grades were illustrated 
with photomicrographs and Dr Gleason’s drawings, 
which were easily recognized by other pathologists. The 
histologic grades correlated with the varying degrees of 
clinical malignancy of the cancers. As the Gleason grading 
system was easily learned from the drawings, it has been 
accepted and applied to the diagnosis and treatment of 
prostate cancer around the world. Dr Gleason retired from 
the VA in 1976 and spent 10 years as staff pathologist in 
the Fairview Hospital system, Minneapolis, before his 
final retirement in 1986. In 2002, he received the honorary 
Presidential citation from the AUA. 


Patrick Craig Walsh, MD (1938) 


Patrick C Walsh (Fig. 1.62), MD born on February 13, 1938 
and raised in Akron, Ohio is the chair of urology at the 
Johns Hopkins University. Dr Walsh received his medical 
degree from Case Western Reserve University in 1964, 
spent 3 years at Peter Bent Brigham Hospital and Boston’s 
Children’s Hospital as a resident in surgery and pediatric 
surgery and did his urology training at the University 
of California, Los Angeles from 1967-1971. Dr Walsh 
published the first description of 5-alpha reductase enzyme 
deficiency in 1974, providing the basic framework that led 
to the development of the 5-alpha reductase inhibitor for 
the treatment of benign prostatic hyperplasia. He wrote 
several papers on androgen receptors and the prostate. 
In1979, he published his technique forthe management 
of the dorsal vein complex during radical retropubic 


Fig. 1.62: Patrick Craig Walsh, MD (1938) 


prostatectomy. Dr Walsh’s technique illustrated that 
patients who underwent radical retropubic prostatectomy 
did not always become impotent or incontinent. 

Later that year at a meeting of the genitourinary 
surgeons, Dr Walsh met Pieter Doncker, MD, the outgoing 
chair of urology in Leiden, Netherlands. They maintained 
contact and in 1981 Dr Walsh attended a conference in 
Leiden and worked with Dr Doncker to dissect the pelvic 
nerves of an infant. They spent 3 hours tracing the nerves 
to the corpora cavernosa and observed that they were 
located outside the capsule and fascia of the prostate, and 
showed that the nerves traveled in a cluster of arteries and 
veins of the prostate. 

On April 26, 1982, Walsh performed the first purposeful 
nerve-sparing radical prostatectomy on a 52-year-old 
patient who reported 7 months later that he was potent. 
In 1980, only 7% of men with localized prostate cancer 
underwent radical prostatectomy for fear of incontinence 
and loss of potency; 18 radical prostatectomies had been 
performed that year at the Brady Institute. In the year 
2000, thousand radical prostatectomies were performed 
at Hopkins. Walsh, in a letter to his staff, went on to say 
“I share all of this with you not to take any major credit. 
Rather, I share these thoughts so that you can understand 
how important discoveries can be made—a simple act 
of kindness to a lonely old man (Dr Doncker), followed 
4 years later by trying to understand what he was doing 
now that he was retired. Never underestimate what you 
can learn from others.” His major accomplishment is that 
through his meticulous dissection, he has dramatically 
decreased the fear of impotence, but much more so the 
fear of incontinence in men facing radical pelvic surgery. 
His work has stimulated many others to evaluate new 
approaches to prostate cancer. In 1978, he received the 
AUA’s Gold Cystoscope Award and in 2004, Dr Walsh 
received the AUA’s Hugh Hampton Young Award. His 
charisma, his fame and his skills have enabled him to create 
more than six endowed professorships in his department. 
Additionally, he actively supports his community, sharing 
his leadership skills and resources. 


Thomas A Stamey, MD (1928) 


Thomas A Stamey (Fig. 1.63), MD was born April 26, 1928 
in Rutherfordton, North Carolina. He attended the Johns 
Hopkins University School of Medicine, receiving his 
medical degree in 1952. After his internship at Hopkins, 
he entered the urology residency program under William 
W Scott, MD and in 1958, joined as full-time faculty. Dr 
Stamey left Hopkins in 1961 to become the chairman of 
the division of urology at the Stanford University School 
of Medicine in Stanford, California. After 26 years as 
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Fig. 1.63: Thomas A Stamey, MD (1928) 


chairman, he is now Professor Emeritus. Dr Stamey has 
garnered multiple awards from American urology groups 
including the Hugh Hampton Young Award and the 
Ramon Guiteras Award from the AUA and the Valentine 
Award from the New York Academy of Medicine. 

Dr Stamey was president of the Clinical Society of 
Genitourinary Surgeons from 1988 to 1989. Dr Stamey’s 
early interest was in the field of renal vascular hypertension 
and renal physiology. In the early 1960s, he became one of 
the leading researchers in the pathogenesis of urinary tract 
infections and subsequently immunologic characterization 
of prostatic infections. Since 1982, he has concentrated his 
research on various aspects of prostatic cancer with special 
interest in the field of the prostate-specific antigen and 
prognostic indicators of prostate cancer. 
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PRELUDE 


Despite the prevalence and availability of high technology 
diagnostic tests, the history and physical examination 
continue to serve as the most important initial clinical tools 
in assessing a patient’s condition. In urology, a urinalysis 
complements the history and physical examination, and 
a diagnosis can often be made, and others excluded based 
on their findings alone. An accurate history, physical 
examination and urinalysis in the office can speed up 
the clinical diagnosis and determine appropriate therapy 
without the use of unnecessary and sometimes costly 
investigations. 


ART OF HISTORY TAKING (CAREFUL LISTENING 
TO THE PATIENT IS AN ART) 


The patient must be comfortable with the interviewer 
and the setting, and must be given enough time to 
communicate his or her problems. Obtaining the history 
from the patient is an art and careful history taking is the 
key of diagnosis. It should be performed in an orderly 
fashion to avoid errors of omission. 

The history should be tailored to the patient’s chief 
complaints and should also include a review of major 
signs and symptoms of genitourinary (GU) disease and 
as well as a general review of the systems. The medical 
history is the cornerstone of the evaluation of the urologic 
patient, and a well taken history will frequently elucidate 
the probable diagnosis. However, many pitfalls can inhibit 
the urologist from obtaining an accurate history. 

The patient may be unable to describe or communicate 
symptoms because of anxiety, language barrier or 
educational background. Therefore, the urologist must 
be a detective and lead the patient through detailed and 
appropriate questioning to obtain accurate information. 
These difficulties are frequently overcome by having a 
family member present during the interview. Urological 
history may include chief complaint, history of the present 
illness, the patient’s past medical history and a family 


Presentation of 
Urological Disease 


history. Each segment can provide significant positive and 
negative findings that will contribute to reach a confident 
provisional diagnosis on which further evaluation or 
treatment of the patient may be planned.'” 


Major Components of Urology Case Taking 


e Review of GU symptoms 

e Recording signs 

e General review, e.g. weight loss, fever, cardiac status, 
respiratory status, etc. 


Systematic Recording of Urological History 


The history should be recorded accurately as the patient's 
ability to describe the symptoms. This subjective 
information is important in establishing an accurate 
diagnosis. The chief complaint must be clearly defined 
because it provides the initial information and clues 
to begin formulating the differential diagnosis. Most 
importantly, the chief complaint is a constant reminder to 
the urologist as to why the patient initially sought care. 

General and systemic manifestations, e.g. symptoms of 
fever and weight loss should be sought. Fever with other 
symptoms of urinary tract infection may be helpful in 
evaluating the site of the infection. Simple acute cystitis 
is essentially an afebrile disease. Acute pyelonephritis 
or prostatitis is associated with high temperature, often 
accompanied by violent chills. 

Infants and children suffering from acute pyelonephritis 
may have high temperature without other localizing 
symptoms or signs. Such a clinical picture, therefore, 
invariably requires bacteriologic study ofthe urine. Low-grade 
pyrexia is common in renal cell carcinoma and sometimes 
causes fever that may reach 39°C (102.2°F) or more. 


Local and Referred Pain 


Local pain is felt in or near the involved organ, e.g. the 
pain from a diseased kidney (T10-12, L1) is felt in the 
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costovertebral angle and in the flank. Pain from an 
inflamed testicle is felt in the scrotum. 

Referred pain is felt at some distance from the organ 
(Table 2.1). Ureteric colic caused from a stone in the upper 
ureter may be associated with severe pain in the testicle of 
same side and is explained by the common innervation of 
these two structures (T11-L2). The burning pain felt in the 
distal urethra may be due to cystitis (S2-3). Pain in varicocele 
is dragging pain but felt in the inguinal and lumbar region due 
to its innervation. Lesion ofa urogenital organ can also cause 
pain in any other organ (e.g. gastrointestinal, gynecologic) 
that has a sensory nerve supply common to both.”* 


Kidney pain: Renal pain is felt as a dull and constant ache 
in the costovertebral angle. Distention of the renal capsule 
causes the pain generally from inflammation or obstruction. 
The pain may radiate across the flank anteriorly towards 
the upper abdomen and umbilicus, and may be referred to 
the testis or labium. Slow and chronic distention of capsule 
may not be painful at all, example renal cancer, chronic 
pyelonephritis, staghorn calculus, tuberculosis, polycystic 
kidney and hydronephrosis due to chronic ureteral 
obstruction. Pain of renal origin may be associated with 
gastrointestinal symptoms because of reflex stimulation of 
the celiac ganglion and because of the proximity of adjacent 
organs (liver, pancreas, duodenum, gallbladder and colon). 
Thus, renal pain may be confused with pain of intraperitoneal 
origin; it can usually be distinguished, however, by a careful 
history and physical examination. Rarely renal tumor 
may present with pain due to hemorrhage in the tumor or 
infarction and common in angiolipoma.® 


Ureteral pain: Severe colicky pain from loin to groin is 
usually associated with acute obstruction of ureter due to a 
stone or a blood clot. The severity and colicky nature of this 


Table 2.1: Referred pain of urinary tract 
Site of referred 
pain 
Testis, inguinal 
canal 


Organ Root value Lesion 


Proximal ureter T 11-12 Obstruction 


Middle ureter T 12-L1 Obstruction Loin, suprapubic 
region 

Testis, inguinal 
canal 


Distal urethra 


Distal ureter T12-L5,S1-5 Obstruction 


Bladder T12-L5, 
$1-5 


S2-4 


Obstruction 
Cystitis 


Tip of penis 


Perineum, rec- 
tum, groin, back 


Prostate Prostatitis 


Testis T11-L2,$1-4 Inflammation, Ipsilateral groin 


trauma, torsion Lower abdomen 


pain are due to the hyperperistalsis and spasm of smooth 
muscle of the organ, as it attempts to relieve the foreign 
body or to overcome obstruction. 

If the stone is lodged in the upper ureter, the pain 
radiates to the testicle, since the nerve supply of this organ 
is similar to that of the kidney and upper ureter (T11-L2). In 
case of presence of stones in the mid portion of the ureter on 
the right side, the pain is referred to McBurney’s point and 
may therefore simulate appendicitis. On the left side, it may 
resemble diverticulitis or other diseases of the descending or 
sigmoid colon (T12, L1). Stones in the distal ureter present 
the irritative bladder symptoms such as urinary frequency 
and urgency. It is important to realize, however, that mild 
ureteric obstruction or some cases of congenital pelviureteric 
junction obstruction or stones may remain asymptomatic.’ 


Bladder pain: Bladder pain is felt in the suprapubic area. 
Examples are distended bladder in acute urinary retention 
causes agonizing pain in the suprapubic area. Interstitial 
cystitis, overactive bladder or hyperreflexic bladder may 
cause suprapubic discomfort when the bladder becomes full 
and usually the discomfort is relived by evacuation of bladder. 

Bladder pain may be resulted from excess of bladder 
distention because of the excess drinking habit. Excessive 
drinking habit will be helpful to preserve the kidney 
function is a popular myth even among the medical 
professionals. This is reflected in the medical advices in all 
patients with urinary tract diseases particularly in patients 
with the lower urinary tract symptoms (LUTS). 

These simple medical advices make the symptoms 
worsen in patients with overactive bladder, benign 
prostatic hyperplasia (BPH) with high prostatic symptom 
score and patients with renal failure. In practice, it has 
been seen that the patients drinking more than 10 times 
than normal intake of fluid leads to high score of voiding 
symptom and bladder pain. 

This problem quickly resolved by gradual optimizing 
the fluid intake. History of fluid intake (water, tea, coffee and 
hard and soft drink) should be carefully noted. It may be 
noted that the excessive water drinking makes dependence 
or a habit in some persons. Since they cannot tolerate rapid 
reduction of fluid intake, this group of patient requires a 
steady and gradual optimization of drinking habit. 

The patient in chronic urinary retention due to 
bladder neck obstruction or hyporeflexic or areflexic 
type of neuropathic bladder may experience little or no 
suprapubic discomfort even though the bladder reaches 
the level of the umbilicus. The most common cause of 
bladder pain is infection; the pain is usually not felt over 
the bladder but is referred to the distal urethra and is 
related to the act of urination. Terminal dysuria may be a 
major complaint in severe cystitis. 
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Prostatic pain: Acutely inflamed prostate may be present 
with a vague discomfort or fullness in the perineal or rectal 
area (S2-4). Low back pain is occasionally experienced as 
referred pain from the prostate. Inflammation of the gland 
may cause LUTS, example irritative symptoms like dysuria, 
urinary frequency and urgency.”""" 


Testicular pain: Severe pain may be felt in trauma, infection 
or torsion of the testis. Usually this is felt locally, but there 
may be some radiation of the discomfort along the spermatic 
cord into the lower abdomen. One of the most important 
causes of obscure low back pain is due to varicocele. 

Hydrocele, spermatocele and tumor of the testis are 
usually painless. A varicocele may cause a dull ache in the 
testicle which is increased after exercise and relieved by 
rest. At time, the first symptom of an early indirect inguinal 
hernia may have testicular pain (referred). Pain from a 
stone in the upper ureter may be referred to the testicle. 

A special type of pain and increased sensitivity to 
touch is experienced by a small number of patients who 
are having a smaller testis or atrophied testis, may be 
congenital reason or from mump orchitis. 


Epididymal pain: Epididymal pain is commonly felt in 
epididymitis and may also be felt in the groin or lower 
abdominal quadrant (if in the right side, it may simulate 
appendicitis). The inflammation of the vas deferens may 
produce the same symptoms. Radiating pain down to one 
or both legs, especially when associated with symptoms 
of bladder outflow obstruction in an older man, suggests 
metastases ofthe pelvic bones from cancer of the prostate.°”" 


Penile pain: Pain in the flaccid penis is usually secondary 
to inflammation in the bladder or urethra, with referred 
pain that is experienced maximally at the urethral 
meatus. Alternatively, penile pain may be produced by 
paraphimosis. Pain in the erect penis is usually due to 
Peyronie's disease or priapism. 


Pyrexia in Urological Disease 


Various causes of pyrexia in urological diseases are given 
in Box 2.1. 


Gastrointestinal Symptoms of Urologic Diseases 


Gastrointestinal symptoms are commonly associated with 
urological disease. Acute pyelonephritis may present with 
not only LUTS, chills and fever, but also with abdominal 
pain and distention. Ureteric stone presents with ureteric 
colic and hematuria and may experience severe nausea 
and vomiting, as well as abdominal distention. Distention 


Box 2.1: Various causes of pyrexia in urological diseases 


of the renal pelvis may cause gastrointestinal symptoms 
like nausea and vomiting. 


Lower Urinary Tract Symptoms 


Lower urinary tract symptoms are one of the most common 
presentations of lower urinary tract disease. Voiding 
symptoms may be classified in two distinctly different 
types of presentations like irritative (frequency, urgency 
and nocturia) and obstructive type (hesitancy, poor 
flow, intermittency, incomplete evacuation, etc). These 
symptoms (Table 2.2) were collectively described as LUTS. 
Nowadays people are using the term “lower urinary tract 
dysfunction” (LUTD) which seems more appropriate.*® 


Irritative Symptoms 


Frequency: Adult voids five or six times a day with a 
volume of approximately 300 mL per void. Frequency is 
one of the most common presentation of irritable bladder, 
may be due to overactive bladder or cystitis (Box 2.2). In 
both the situations, functional bladder capacity is reduced. 
Increased volume of residual urine also reduces the 
functional bladder capacity and thereby causes frequency 
in BPH. Day frequency without nocturia and acute or 
chronic frequency lasting only a few hours suggest anxiety 
neurosis.” 

Fibrosis of the bladder may be associated with 
frequency of urination. Examples of such diseases are 
tuberculosis, radiation cystitis, interstitial cystitis and 


Table 2.2: Lower urinary tract symptoms or voiding symptoms 
Irritative symptoms Obstructive symptoms 
Frequency Hesitancy 
Urgency Poor flow or stream 
Nocturia Interrupted voiding 
Urge incontinence Incomplete voiding 


Dysuria 


Terminal dribbling 


Enuresis Chronic painless distention of bladder 


Overflow 
incontinence 


Acute painful distention of bladder 
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Box 2.2: Frequency of urine 


Causes 


schistosomiasis. The presence of stones, foreign bodies or 
cancer causes vesical irritability, but secondary infection 
is almost always present. 


Urgency: A strong sudden desire to urinate is urgency and 
it may be caused due to hyperactivity and irritability of the 
bladder. This may be due to primary causes (Box 2.3) like 
detrusor instability or secondary to infection, obstruction, 
stones, tumor or combination. 

In mostsituations, the patient may control the situation, 
but sometime there is involuntary loss of urine and this 
type of incontinence is termed as “urge incontinence’. 


Nocturia: Larger frequency of urination during night 
is nocturia. It may be a symptom of chronic renal failure 
where there is a loss of concentrating ability of kidney. 
Nocturia can occur in a normal person who drinks 
excessive amounts of fluid in the late evening. Tea, coffee 
and alcoholic beverages have specific diuretic effect, often 
produce nocturia if consumed just before bedtime. In 
elderly people who are ambulatory, some fluid retention 
may develop secondary to mild heart failure or varicose 
veins and with recumbency at night, this fluid is mobilized, 
leading to nocturia in these patients. 

A very low or very high urine pH can irritate the bladder 
and cause frequency of urination. In chronic obstructive 
pulmonary disease, the PaCO, is elevated. Compensation 
requires increased urinary excretion of chloride, leading to 
alow pH. With hyperventilation, the urine becomes strongly 
alkaline. In both the situation, end result is nocturia. 


Box 2.3: Causes of urgency and urge incontinence 


Dysuria: Painful urination is usually related to acute 
inflammation of the bladder, urethra or prostate. Frequently 
this symptom is described as “burning” on urination and is 
usually located in the distal urethra in men. Women usually 
localize the pain to the urethra. The pain is present with 
voiding and usually disappears soon after micturition is 
completed but may continue for some time. 


Enuresis: Enuresis means bedwetting at night. Usually the 
babies learn toilet habit by three years of age and remain 
dry at night. It may be functional or secondary to delayed 
neuromuscular maturation of the coordinated neurological 
control of urethrovesical component. It may also be due 
to organic disease (e.g. infection, distal urethral stenosis 
in girls, posterior urethral valves in boys, neurogenic 
bladder). Bedwetting may also occur during the daytime. 
If the enuresis persists beyond the age of 5 years or 6 years, 
a detailed urologic investigation is essential. In adult life, 
enuresis may be replaced by a nocturia. 


Obstructive Symptoms 


Hesitancy: Delay in initiating the urinary stream is one of the 
early symptoms of bladder outlet obstruction (Box 2.4). As 
the degree of obstruction increases, hesitancy is prolonged 
and the patient often strains to overcome the obstruction. 
Bladder outflow obstruction from BPH, bladder neck 
obstruction and urethral stricture are common examples.'® 


Poor stream: Slow or poor urinary stream is noted when 
the urethral resistance is increased in BPH, stricture 
urethra, etc. Micturition results when the bladder pressure 
can overcome the increased urethral resistance. The 
urinary flow can be evaluated by measuring urinary flow 
rates, with the help of uroflowmetry, with a full bladder. 

A symptoms index has been developed by American 
Urological Association, later modified by various centers to 
develop International Prostatic Symptom Score. Boryski’s 
symptom score or bothersome symptom score to assess 
the severity of the condition. International symptom score 
found to be quite satisfactory for evaluation of BPH patient. 


Terminal dribbling: This is a postmicturition leakage 
of small amount of urine secondary to few milliliters 
of residual urine which cannot be milked back into the 
bladder at the end of micturition due to distorted bladder 
neck in BPH. ‘This is particularly seen in severe bladder out 
flow obstruction with larger volume of postvoid residue. In 
men with bladder outlet obstruction, this urine escapes into 
the bulbar urethra and leaks out at the end of micturition. 
Men frequently will attempt to avoid wetting their clothing 
by shaking the penis at the end of micturition. 
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Box 2.4: Symptoms of bladder outlet obstruction 


Acute urinary retention: Sudden inability to urinate in a 
state of full bladder results in acute retention of urine. The 
patient experiences increasingly agonizing suprapubic 
pain associated with severe urgency.'*™ 


Chronic urinary retention: This is a chronic condition 
where the bladder becomes distended without much 
discomfort to the patient. Constant dribbling of urine 
(overflow incontinence) may be experienced; it may be 
likened to water pouring over a dam. The chronic retention 
of urine may be of two types: (1) low pressure type where 
intravesical pressure is lower than ureteric pressure, e.g. 
below 10 cm of water, not associated with deterioration of 
upper tract and; (2) high-pressure type chronic retention 
where the intravesical pressure is higher than 10 cm of 
water and usually associated with progressive dilatation 
of ureter and pelvicalyceal system. Treatment of the later 
condition should be urgently arranged in order to prevent 
the patient from renal failure.”° 


Sense of Residual Urine 


Incomplete evacuation of urine is a sign of detrusor 
decompensation. The patient often feels that urine 
is still in the bladder even after urination has been 
completed. Normally the residual urine is 0 mL. When 
the intravesical pressure during the voiding phase is 
near to the urethral resistance, the resultant urine flow 
becomes diminished and a volume of urine is left in the 
bladder, resulting in the residual urine. In general, the 
existence of residual urine is a feature of weak or tired 
bladder who is trying to overcome the high urethral 
resistance from BPH or urethral stricture for long time. 
Amount of residual urine often correlates with the 
degree of decompensation of bladder.” 


Incontinence 


Involuntary loss of urine is incontinence. This may be 
extraurethral [e.g. vesicovaginal fistula (VVF), ectopic 
ureter in vagina] or urethral (Box 2.5).° 


Box 2.5: Classification of incontinence 


Extraurethral Incontinence 


The patient may lose urine without warning; this may be 
a constant or periodic symptom. Obvious causes include 
exstrophy of the bladder, epispadias, VVF and ectopic 
ureteral orifice. 


Urethral Incontinence 


There is involuntary loss of urine through the urethra, 
e.g. urge incontinence, stress incontinence, sphincter 
weakness incontinence, etc. 


Urge incontinence: Urge incontinence is involuntary loss 
of urine at maximum urge. This may be motor type from 
unstable neuropathic bladder or hyperreflexic bladder or 
sensory type from urinary infection, stone, tumor, etc. 


Stress urinary incontinence: Involuntary loss of urine 
without any detrusor activity is stress incontinence. This type 
ofincontinence occurs during physical strain (e.g. coughing, 
laughing, during lifting weight). This is more common in 
multiparous women with weak pelvic floor muscle support 
of the bladder neck and urethra. Occasionally, neuropathic 
bladder dysfunction can cause stress incontinence. 


Overflow incontinence: This is loss ofurine due to chronic 
urinary retention or secondary to a flaccid bladder. In 
atonic bladder when the intravesical pressure equals the 
urethral resistance, urine then constantly dribbles forth 
like flow over a dam. 


Sphincter weakness incontinence: Continuous loss 
of urine without any residual urine in the bladder is 
characteristic of sphincter weakness incontinence. Typical 
example is post-prostatectomy incontinence. 


Oliguria and Anuria 


Oliguria and anuria may be caused by acute renal failure 
(due to shock or dehydration), fluid-ion imbalance or 
bilateral ureteric obstruction. 
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Pneumaturia 


Appearance of gas in the urine strongly suggests a fistula 
between the urinary tract and the bowel. This occurs 
most commonly in the bladder or urethra but rarely may 
be seen also in the ureter or renal pelvis. Carcinoma of 
the sigmoid colon, diverticulitis with abscess formation, 
regional enteritis and trauma causes most vesical fistula. 
Congenital anomalies account for most ureteroenteric 
fistulas. Certain bacteria, by the process of fermentation, 
may liberate gas on rare occasions. 


Cloudy Urine 


Alkaline urine causes precipitation of phosphate and may 
be the most frequent cause for the cloudy urine. Infection 
can also cause urine to be cloudy and malodorous. A 
urinalysis may reveal the cause of cloudiness. 


Chyluria 


The escape of lymphatic fluid or chyle in urine may be 
presented as milky or white urine. This represents a fistula 
between the lymphatic and urinary system. Most often, the 
cause is obstruction of the renal lymphatics, which results in 
forniceal rupture and leakage. Filariasis, trauma, tuberculosis 
and retroperitoneal tumors may be the common cause. 


Hematuria 


Blood in urine is an alarming sign, whether macroscopic or 
microscopic should be investigated properly. Hematuria, 
particularly in the adults, should be regarded as asymptom 
of malignancy until proved otherwise and demands 
immediate urologic examination. Carcinoma of the kidney 
or bladder, calculi and infection are few of the conditions 
in which hematuria is a common presentation. Hematuria 
may be painful or painless or it may be associated with 
LUTS. Causes of hematuria are given in the Box 2.6. 

Some individuals (particularly if they are anemic) pass 
red urine after eating beets or taking laxatives containing 
phenolphthalein, in which case the urine is translucent 
red rather than opaque and contains no red cells. Due to 
the wide use of rhodamine B as a coloring agent in cookies, 


Box 2.6: Causes of hematuria 


cakes, cold drinks and fruit juices, children commonly pass 
red urine after ingestion of these foods. The hemoglobinuria 
that occurs as a feature of the hemolytic syndromes may also 
cause the urine to be red. Urinalysis will resolve the issue.” 


Microscopic Hematuria 


Greater than three red blood cells per high-power 
microscopic field are significant. Patients with gross 
hematuria are usually frightened by the sudden onset of 
blood in the urine and frequently present to the emergency 
department for evaluation, fearing that they may be 
bleeding excessively. Hematuria of any degree should never 
be ignored and, in adults, should be regarded as a symptom 
of urologic malignancy until proved otherwise.” 


Shape of Clots 


The presence of vermiform (worm like) clots, particularly 
if associated with flank pain, identifies the hematuria as 
coming from the upper urinary tract with formation of 
vermiform clots within the ureter. 

In patients with gross hematuria, cystoscopy should 
be performed as soon as possible, because frequently the 
source of bleeding can be readily identified. 

Cystoscopy will determine whether the hematuria is 
coming from the urethra, bladder or upper urinary tract. 
In patients with gross hematuria, secondary to an upper 
tract source, it may be possible to see the jet of red urine 
pulsing from the ureteric orifice of the involved side.” 

Although inflammatory conditions may result in 
hematuria, all patients with hematuria, except perhaps young 
women with acute bacterial hemorrhagic cystitis, should 
undergo urologic evaluation. Older women and men who 
are present with hematuria and irritative voiding symptoms 
may have cystitis secondary to infection arising in a necrotic 
bladder tumor or, more commonly, flat carcinoma in situ of 
the bladder. The most common cause of gross hematuria in 
a patient older than age 50 years is bladder cancer. 


Causes of Hematuria 


Hematuria associated with renal colic suggests a ureteral 
stone, although a clot from a bleeding renal tumor can 
cause the same type of pain. 

Hematuria is commonly associated with nonspecific, 
tuberculous or schistosomal infection of the bladder 
(Box 2.7). The bleeding is often terminal (bladder neck or 
prostate), although it may be present throughout urination 
(vesical or upper tract) or may be initial (urethral). Stone 
in the bladder often causes hematuria, but infection is 
usually present, and there are symptoms of bladder neck 
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Box 2.7: Hematuria 


obstruction, neurogenic bladder or cystocele. When a 
tumor of the bladder ulcerates, it is often complicated by 
infection and bleeding. Thus, symptoms of cystitis and 
hematuria are also compatible with tumors. 

Dilated veins may develop at the bladder neck 
secondary to enlargement of the prostate; they are called 
vesical piles. These may rupture when the patient strains 
to urinate resulting a severe form of hematuria and may 
result clot retention. 


Classification of Hematuria 


Painless hematuria: Painless hematuria without other 
symptoms (silent hematuria) must be regarded as a 
symptom of tumor of the bladder or kidney until proved 
otherwise. It is usually intermittent; bleeding may not 
recur for months. Less common causes of silent hematuria 
are staghorn calculus, polycystic kidneys, solitary renal 
cyst, sickle-cell disease and hydronephrosis. Painless 
bleeding is common with acute glomerulonephritis. 
Recurrent bleeding is occasionally seen in children 
suffering from focal glomerulitis. Joggers and people who 
engage in participatory sports frequently develop transient 
proteinuria and gross or microscopic hematuria. 


Painful hematuria: Pain in association with hematuria 
usually results from upper urinary tract hematuria with 
obstruction of the ureters with clots. Passage of these clots 
may be associated with severe, colicky flank pain similar 
to that produced by a ureteral calculus, and this helps in 
identifying the source of the hematuria. 


Time of Hematuria 


It is important to learn whether the hematuria is partial 
(initial, terminal) or total (present throughout urination) 
is often of help in identifying the site of bleeding. Initial 
hematuria suggests an anterior urethral lesion (e.g. 
urethritis, stricture and meatal stenosis in young boys). 
Terminal hematuria usually arises from the posterior 
urethra, bladder neck, or trigone. Among the common 
causes are posterior urethritis and tumors of the vesical 
neck. Total hematuria has its source at or above the level of 
the bladder (e.g. stone, tumor, tuberculosis, and nephritis). 


Blood clots in urine signify more significant degree 
of hematuria. Shape of the clots is important. Worm like 
clots are coming from upper tracts through the ureter. 
Irregular clots are characteristics of lower tract origin. 
Imaging is more important in tubular clots where in the 
later cystoscopy is the mainstay of diagnosis.”°*** 


Other Objective Manifestations 


Urethral Discharge 


Urethral discharge in men is one of the most common 
complaints in urology. The causative organism is usually 
Neisseria gonorrheae or Chlamydia trachomatis. Local 
burning or an itching sensation in the urethra often 
accompanies the discharge. 


Skin Lesions of the External Genitalia 


An ulceration of the glans penis or its shaft may represent 
syphilitic chancre, chancroid, herpes simplex, or squamous 
cell carcinoma. Venereal warts of the penis are common. 


Visible or Palpable Masses 


The patient may present with visible or palpable mass 
in the upper abdomen that may represent renal tumor, 
hydronephrosis or polycystic kidney (Box 2.8). Enlarged 
lymph nodes in the neck may contain metastatic tumor 
from the prostate or testis. 

Palpable bladder may be recognized as either a painful 
cystic mass in suprapubic region for example acute 
retention of urine, or a painless cystic mass, e.g. chronic 
retention of urine. 

Lumps in the groin may represent spread of tumor of the 
penis or lymphadenitis from chancroid, syphilis or lympho- 
granuloma venereum. Painless masses in the scrotal contents 
are common andinclude hydrocele, varicocele, spermatocele, 
chronic epididymitis, hernia and testicular tumor. 


Edema 


Pitting edema of both the legs may result from medical 
disease, e.g. cardiac failure, renal failure or liver disease, 


Box 2.8: Mass in loin 
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Box 2.9: Causes of hematospermia 


but unilateral or bilateral solid edema of the legs may result 
from compression of the iliac veins by locally invasive 
tumors, by lymphatic metastases from prostate or bladder 
cancer. Edema of the genitalia suggests filariasis but it may 
also occur after radiation therapy. 


Blood in Ejaculation (Hematospermia) 


Vaginal bleeding during sexual intercourse may be 
mistaken for hematospermia. Inflammation of the prostate 
or seminal vesicles can cause hematospermia (Box 2.9). 
In Indian subcontinent, it is usually due to tuberculosis 
but nonspecific infection of prostate and prostatic cancer 
may be responsible for hematospermia. Ifno definite cause is 
found on detailed investigation, it is classified as idiopathic. 


Gynecomastia 


Often idiopathic gynecomastia (Box 2.10) is common 
in elderly men, particularly those taking estrogens or 
antiandrogens for control of prostatic cancer. It is also seen 
in association with choriocarcinoma, interstitial cell and 
Sertoli cell tumors of the testis. Certain endocrinologic 
disease, e.g. Klinefelter’s syndrome, may also cause 
gynecomastia. Drugs, which may be responsible, are 
spironolactone, thiazide diuretics, INH, etc. 


Size of Penis 


Normally stretched length of penis (SLP) correlates with 
length achieved on erection. People who are concerned 
about the matter size of their penis should be explained 
that the quality of erection is more important than the size 
of the organ. Normally acceptable SLP is approximately 8 
cm at least. 


Box 2.10: Gynecomastia 


Box 2.11: Causes of azoospermia 


Micropenis is probably due to fetal testosterone deficiency. 
Megalopenis is caused by overactivity of the adrenal cortex 
and is seen in association with interstitial cell tumor of the 
testis. 


Infertility 


Primary infertility represents a condition where no 
pregnancy is achieved after at least one year of unprotected 
coitus in marriage. One of the most common referral to 
the urologist is fertility problems. Infertile patients may 
present with azoospermia (Box 2.11), oligozoospermia, 
necrozoospermia or normal count of sperm. The urologist 
should explore the patient’s sexual habits and investigate 
diseases and disorders that have affected the scrotal contents 
(e.g. mumps, torsion of the spermatic cord, epididymitis) 
and exposure to testicular toxins (e.g. X-ray radiation). 

Infertility may result from obstruction of transport 
system or may be resulted from damage of germinal 
epithelium. Obstruction may be relieved with appropriate 
microsurgical techniques. 


Complaints Related to Sexual Problems 


Sexual dysfunction in male may present as loss of libido, 
problems in erection, disorder of ejaculation (Box 2.12), 
etc. Sexual disorder is possibly the most common urological 
problem from ancient time, of which “erectile dysfunction” 
is the most presenting clinical problem in urology clinics. 
Erectile dysfunction may have psychological or 
organic basis. Erectile dysfunction is the most common. 
The people with sexual dysfunction (Box 2.13) are often 
too embarrassed to discuss, but currently due to exciting 
research in this field, varieties of options of fruitful medical 
and surgical treatment is available at doorsteps. Since 
these developments are highlighted in the press and 


Box 2.12: Problems of ejaculation 
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Box 2.13: Sexual dysfunction in men 


multimedia, the patients are now confidently seeing their 
urologist to solve the problems. 

The main sexual symptoms include impaired quality of 
erection, premature loss oferection, absence ofejaculate with 
orgasm, premature ejaculation and even loss of desire. These 
problems may be from psychogenic origins or due to organic 
diseases. Diabetes mellitus, hypertension, arteriosclerosis, 
spinal lesion, etc. may be present with erectile dysfunction 
as initial presentation. In other words, impotence may be a 
presenting feature of underlying disease. 


Sexual dysfunction of suspected psychosomatic origin: 
Erectile dysfunction from psychosomatic origin may be 
resulted from the pertinent facts concerning childhood, 
adolescence (sex education and experiences), marriage 
problems and relationships with wife and husband. A 
thorough andrological examination should be done 
and the patient must be assured that there is no serious 
organic disease and for psychosexual patient, they should 
be referred to an appropriate center or a psychosexual 
counselor. Although sexual interest and activity decline 
with advancing years, physically healthy men and women 
may continue to be sexually active into their eighth or ninth 
decade but the quality and frequency declines gradually. 


Sexual dysfunction of organic origin: Organic sexual 
problem is much common than it was believed. Varieties 
of clinical conditions may be associated with this 
problem. Careful listening of the patient about the onset 
is important. Enquiries should be made about quality of 
morning erection, any deformity of penis on erection, 
ability of masturbation, previous sexual performance with 
other partners, etc. A careful physical examination should 
be arranged to look for size, shape or any deformity of 
phallus, e.g. hypospadias or epispadias, a complete but 
brief neurological examinations should be carried out to 
rule out any gross neurological problem, but autonomic 
neuropathy may not show any clinical stigmata.” 

Vascular status of the penis is best assessed by injecting 
a small dose of vasoactive drug like PGE,/papaverine 
intracavernosaly and to feel the penile pulse assessing 
penile blood pressure and flow can be estimated with a color 
Doppler. In atherosclerosis, hypertension, diabetes mellitus 


Box 2.14: Types of female sexual dysfunction 


Box 2.15: Causes of female sexual dysfunction 


and peoples on antihypertensive drugs are expected to have 
diminished vascular status. Patients should be explained 
about the nature of the underlying problem. "° 


Female sexual dysfunction: Female sexual dysfunction 
(FSD) (Boxes 2.14 and 2.15) is a complex hypoactive 
persistent or recurring sexual dysfunction, which may 
result personal or family distress. Sexual dysfunction in 
female is a subject of current study. Recent investigation 
discloses that the incidence of FSD is as common as men. 

Almostall women with diabetes mellitus, ischemic heart 
disease, endocrine disease, nerve disease and systemic 
disease like renal failure, or on drugs like antihypertensive 
medications do experiences varying degree of FSD. 

Women suffering from the LUTS almost always admit to 
an unhappy sex life. They notice that frequency or vaginal- 
urethral pain often occurs on the day following the sexual 
act. Women experience pain due to inadequate lubrication 
which is secondary to underlying disease or old age. 


SMOKING AND UROLOGICAL DISEASE 


Cigarette smoking and consumption of alcohol are clearly 
linked to a number of urologic conditions. Cigarette 
smoking is associated with an increased risk of urothelial 
carcinoma, most notably bladder cancer, and it is also 
associated with increased peripheral vascular disease and 
erectile dysfunction. 


DRUG ALLERGIES 


Medicinal allergies should be recorded on the front of 
the patient’s chart to avoid potential complications from 
inadvertent exposure to the same medications. 

Thorough medical history, including the chief complaint 
and history of presentillness, past medical history and family 
history, should be obtained in every patient. Unfortunately, 
time constraints often make it difficult for the physician to 
spend the necessary time to obtain a full history. 
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A reasonable substitute is to have a trainee doctor 
or trained nurse see the patient first. Standard history 
form may be helpful. Then the urologist needs to check 
the forms and have the patient elaborate on potentially 
relevant aspects of the medical history, and then perform 
a complete physical examination. 


PHYSICAL EXAMINATION OF 
UROLOGICAL PATIENTS 


A careful physical examination is an essential part of 
clinical evaluation of urological patients. The story of the 
patient will indicate the area of concentration. Unusual 
observation on general examination should be recorded 
like gynecomastia which may be associated with adrenal 
disease, tumor of testis, liver disease or hemihypertrophy 
and gross deformity of external ear may be associated with 
congenital renal disease, Wilm’s tumor, nephroblastoma, 
adrenal tumor, neuroblastoma, etc. Hypertension may 
indicate a renal pathology. 


Abdomen 


Feel for tenderness, palpable masses, auscultation for 
bruits, palpate for bladder, review of all organs. 


Renal Examination 


In children and thin women, it may be possible to palpate 
the lower pole of the right kidney with deep inspiration. 
However, it is usually not possible to palpate either kidney in 
men and the left kidney is almost always impalpable, unless it 
is abnormally enlarged. A hydronephrotic kidney may not be 
palpable even it is being greatly enlarged. A renal tumor may 
not be palpable unless it is big enough. An ultrasound scan 
in the urologist’s clinic operated by the urologists himself will 
resolve the issue and a logical approach in current practice. 

Transillumination of the kidneys may be helpful 
in children younger than 1 year of age with a palpable 
flank mass. Such masses frequently are of renal origin. 
A flashlight or fiber-optic light source is positioned 
posteriorly against the costovertebral angle. 

Auscultation of the upper abdomen during deep 
inspiration may occasionally reveal a systolic bruit 
associated with renal artery stenosis or an aneurysm. A 
bruit may also be detected in association with a large renal 
arteriovenous fistula. 


Examination of the Bladder 


The bladder cannot be felt unless it is moderately distended 
(approximately 300 mL). It becomes dull on percussion 


when it contains at least 150 mL of urine. Percussion is better 
than palpation for diagnosing a distended bladder. Chronic 
retention of urine may not be palpable even when the bladder 
is distended up to umbilicus. The appropriate solution is 
to make available an ultrasound machine in the urologist’s 
clinic and urologists should be oriented themselves about 
the ultrasound images of the urological organs and their 
abnormalities. The bladder is palpated between the abdomen 
and the vagina in the female or the rectum in the male.” 


Penis 


The position of the urethral meatus should be noted. 
It may be located proximal to the tip of the glans on the 
ventral surface (hypospadias) or, much less commonly, 
on the dorsal surface (epispadias). The penile skin should 
be examined for the presence of superficial vesicles 
compatible with herpes simplex and for ulcers that may 
indicate either venereal infection or tumor. The presence 
of venereal warts (condylomata acuminata), which appear 
as irregular, papillary, velvety lesions on the male genitalia, 
should also be noted. 

The urethral meatus should be separated between 
the thumb and the forefinger to inspect for neoplastic or 
inflammatory lesions within the fossa navicularis. The 
dorsal shaft of the penis should be palpated for the presence 
of fibrotic plaques or ridges typical of Peyronie’s disease. 
Tenderness along the ventral aspect of the penis is suggestive 
of periurethritis, often secondary to a urethral stricture. 


Testis 


Both testes should be palpated gently between the finger 
tips of both hands. The testes normally have a firm, 
rubbery consistency with a smooth surface. Abnormally 
small testes suggest hypogonadism or an endocrinopathy 
such as Klinefelter’s disease. A firm or hard area within 
the testis should be considered a malignant tumor until 
proved otherwise. The epididymis should be palpable as 
a ridge posterior to each testis. Masses in the epididymis 
(spermatocele, cyst, epididymitis) are almost always benign. 


Testicular Cancer 


Most masses arising from the testis are malignant, whereas 
almost all masses arising from the spermatic cord structures 
are benign. Thus, it is very important to distinguish the testis 
and epididymis during the physical examination. Testicular 
tumors usually presentas painless, firm and irregular masses 
on the surface of the testis. They are usually discovered 
incidentally by the patient when showering or during self 
examination. Testicular tumors can be readily distinguished 
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from benign masses arising from the spermatic cord by 
transillumination and scrotal ultrasound. 


Torsion of Testis 


Torsion of testis is the twisting of the testis on the spermatic 
cord, resulting in strangulation of the blood supply and 
infarction of the testis. Torsion occurs most commonly 
between the ages of 12 years and 20 years, but may occur 
earlier. The patient is usually present with the sudden onset 
of pain and swelling of the involved testis. The pain may 
radiate into the groin and lower abdomen; thus, it may be 
confused with appendicitis unless the physician examines 
the genitalia carefully. 

On physical examination, it is difficult to distinguish the 
testis from the epididymis because of localized swelling. 
For this reason, the condition is frequently misdiagnosed as 
epididymitis. Age is the most useful criterion in distinguishing 
torsion from epididymitis, because torsion usually occurs 
around puberty whereas epididymitis more often occurs in 
sexually active males, usually after the age of 20 years.** 


Hydrocele 


A hydrocele is a collection of fluid between the tunica 
vaginalis and the testis. The patient is present with 
progressive swelling and local discomfort on the involved 
side of the scrotum. Physical examination reveals smooth, 
symmetrical enlargement of one side ofthe scrotum in which 
it is very difficult to feel the testis. The diagnosis is made by 
transillumination of the scrotum. However, because about 
10% of testicular tumors present as an associated reactive 
hydrocele, it is important to be sure that the hydrocele 
transilluminates completely and, if there is any doubt, to 
confirm the diagnosis with a subsequent scrotal ultrasound. 


Varicocele 


A varicocele is an enlarged, tortuous spermatic vein above 
the testis that almost always occurs on the left side. This is 
one of the most common causes of unexplained low back 
pain. The patient may present with a soft mass or swelling 
above the testis noted when he stands or strains. This has 
been described as a “bag of worms.’ Varicoceles typically 
decrease in size and may disappear when the patient is 
supine. Patients with the sudden onset of a varicocele, 
a right-sided varicocele, or a varicocele that does not 
reduce in size in the supine position should be suspected 
of having a retroperitoneal neoplasm with obstruction of 
the spermatic vein where it enters either the renal vein on 
the left or the inferior vena cava on the right. Such patients 


should undergo ultrasonography or CT to rule out 
malignancy before receiving treatment for the varicocele. 


Epididymis and Vas Deferens 


e Size, shape, tenderness, palpable mass lesion. 
e Absence or beading of vas deferens. 


Vaginal Examination 


e Discharges, cystocele, rectocele, enterocele, prolapse. 
e Bimanual palpation should be done. 


Digital Rectal Examination 


Digital rectal examination (DRE) should be performed in 
every male after 40 years of age and in men of any age who 
are present for urologic evaluation. Many prostate cancers 
can be detected in an early curable stage by DRE. Digital 
rectal examination should be performed at the end of 
the physical examination. It is done best with the patient 
standing and bent over the examining table or with the 
patient in the knee-chest position. 

Assessment of rectal tone and abnormalities of 
prostate may be grossly evaluated by performing a rectal 
examination. Here again a nodule may be felt in the 
prostate may not be a carcinoma of prostate and more 
importantly a normal prostate on DRE may contain a 
prostate cancer. A large benign prostate may not produce 
any features of obstruction where as a bladder neck 
hypertrophy or small obstructive prostate may be normal 
on DRE. Appropriate investigations should be arranged 
on the basis of symptom score and its nature. Sensitivity 
and specificity of findings of DRE is significant only when 
combined with results of other relevant investigations. 


Benign Prostatic Hyperplasia 


The physical findings in BPH are usually limited to 
the prostate. In BPH, the prostate remains rubbery in 
consistency, but may be variably enlarged from normal 
chestnut size to the size of a lemon, or, occasionally, even 
as large as an orange. There is only a general correlation 
between prostatic size and degree of symptoms. 


Carcinoma of the Prostate 


Prostate cancers are palpable as firm, indurated nodules or 
regions within the prostate. These areas of induration are 
characterized by having a wood like consistency. As prostatic 
carcinomas progress, the entire gland becomes firmer than 
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usual. Eventually, these tumors may progress beyond the 
capsule of the prostate, extending cephalad into the seminal 
vesicles and laterally towards the pelvic side wall. Earlier 
localized carcinoma of the prostate are almost always 
asymptomatic. A prostatic biopsy should be performed for 
any palpable lesion within the prostate. All patients should 
have a prostatic biopsy in men either with an abnormal DRE 
or an elevated prostate specific antigen level.” 


Pelvic Examination in the Female 


Male urologists should always perform the female pelvic 
examination with a female nurse present. The patient 
should be allowed to undress in privacy and be fully 
draped for the procedure. 
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URINALYSIS 


Urinalysis (U/A) is the single most effective screening test 
available to the urologist. 


Urine Collection 


Proper urine collection (Box 3.1) is crucial for accurate 
interpretation of U/A of culture. All tests must be 
performed on a freshly voided specimen. Urine that 
has been left standing becomes alkaline, with the lysis 
of red blood cells (RBCs), disintegration of crystals and 
proliferation of bacteria. Most of the female urethra and 
the distal part ofmale urethra are likely to be contaminated 
whereas the bladder and upper tract should have no 
organisms. When collecting urine samples, precautions 
should be taken to avoid contamination by bacteria from 
the distal urethra.' 


Midstream Urine 


Collecting the urine sample after discarding the first few 
milliliters is the most commonly used way of collecting 
urine samples. Periurethral cleaning is recommended 
before collection, but this is not of definite benefit. 


Box 3.1: Collection of urine 


Laboratory Test tor 
Urological Work-up 


Clean-catch Urine 


It is a reasonable alternative to midstream urine (MSU). 
Thorough periurethral cleaning is recommended. The 
whole specimen is collected into a sterile container and 
then an aliquot sent for examination. 


Urethral Catheterization 


The validation of the MSU specimen can be questioned 
if numerous squamous epithelial cells (indicative of 
preputial, vaginal or urethral contaminants) are present. In 
these cases, a midstream catheter collected sample might 
be indicated. There is always the risk of catheter-induced 
bladder bacteriuria and urinary tract infection (UTI). 

A voided, midstream clean-catch urine sample is 
routine; however, split voided specimens are sometimes 
helpful in localizing the source of infection or hematuria. 
BV-1 (the initial 5-10 mL) represents urethral flora, BV-2 
(MSU) represents bladder flora and BV-3 (small voided 
specimen following prostatic massage) represents 
the prostatic flora. The expressed prostatic secretions 
(EPS) should also be examined for white cells and 
bacteria." 


Women 


A voided specimen in women must be obtained in 
the lithotomy position after proper cleansing with 
physiological solution with the assistance of a nurse. 
Occasionally, suprapubic needle aspiration of the bladder 
or direct urethral catheterization is necessary. 


Infants 


Suprapubic needle aspiration is usually the only effective 
method of obtaining a noncontaminated specimen for 
culture. 
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Box 3.2: Common causes of abnormal color of urine 


For tuberculosis (TB), three consecutive early morning 
urine specimen is required but for cytology fresh voided 
specimen should be submitted. 


Gross Inspection of Urine 


Color and appearance should be noted. A cloudy or milky 
appearance can be due to the precipitation of phosphates 
(phosphaturia) in alkaline urine, pyuria or rarely chyluria 
(Box 3.2). 


Specific Gravity 


Specific gravity, measured by hydrometer or refractometer, 
can give a good estimate of the patient’s hydration and also 
can give an idea of renal function. The normal range is 1.003 
- 1.030. A false elevated value can be caused by glucose, 
protein or intravenous contrast agents in the urine. 
Maximally dilute urine—30 mOsm/L, e.g. 1.002 
Ultrafiltrate of plasma—290 mOsm/L, e.g. 1.010 
Maximally concentrated —1,400 mOsm/L, e.g. 1.030 


Urine Dipstick 


The urine dipstick (Figs 3.1 and 3.2) permits simultaneous 
performance of a battery of useful chemical tests in less 
than 2 minutes. These are screening tests and positive 
results generally need confirmation by other more 
precise tests.14 


Blood 


Normal urine contains less than three RBCs per high- 
powered field. Hemoglobin and myoglobin havea peroxidase 
like activity and cause oxidation of a chromogen indicator. 
This changes color when oxidized. So, a positive dipstick 
indicates the presence of hemoglobin. The sensitivity of the 
test is more than 90% but specificity is lower. 


Fig. 3.1: Urine dipstick kit: basic tests 


Fig. 3.2: Urine dipstick extended range showing a change in color 
(positive) for leukocytes, nitrite, protein and blood, indicating 
urinary tract infection 


A false positive could be due to dehydration or because of 
menstrual blood, which can extend from 3 days before to 
3 days after menstruation. Strenuous exercise might give a 
false positive. Ascorbic acid has no effect on the results. The 
presence of intact erythrocytes will be indicated by packed 
dots (usually green on the yellow test area), whereas 
hemoglobin, hemolyzed erythrocytes and myoglobin will 
show as a uniform change of color. 

The pH is normally slightly acidic, except after a meal. 
A highly alkaline pH (> 8) suggests infection with a urea- 
splitting organism such as proteus. 

Protein estimation by the dipstick can be a tip-off to 
significant disease such as glomerulopathy or cancer. 
Some other causes of positive protein readings include 
white cells, vaginal secretions, prolonged fever and 
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following excessive exercise. Persistently positive results 
must be confirmed by quantitative tests. Normal is less 
than 200 mg of protein per 24 hours urine collection. 


Glucose 


Glucose determination by dipstick is both sensitive and 
specific with most positive readings occurring in diabetics. 
False positives can result from large doses of aspirin, 
ascorbic acid (vitamin C) or cephalosporins. The detection 
of glucose is based on the glucose oxidase/peroxidase 
reaction. The test is not dependent on pH, specific gravity 
of urine or presence of ketone bodies. Ascorbic acid may 
have an effect but only in small concentrations of glucose. 


Microscopic Examination of Urine 


Microscopy of the centrifuged urinary sediment is 
absolutely an essential part of every U/A. 


Procedure 


Ten milliliters of fresh urine is centrifuged at 2,000 rpm 
for 3-5 minutes. Nearly all supernatant is removed by 
turning the tube upside down. After returning to the 
upright position, the centrifuge tube is vigorously tapped 
to resuspend the sediment. This suspension is then tapped 
onto the glass slide and covered with a cover slip. 
Microscopy is first performed at low power (100 X 
magnification, i.e. 10 X objective) looking specifically for cells, 
casts, trichomonads or crystals. Once any of these elements 
are observed, then high-power (400 X magnification, i.e. 40 
X objective) should be used for specific identification. The 
approximate volume of urine under a coverslip at high- 
power magnification is 1/200,000 or 1/50,000 of a milliliter." 
Red blood cells in the urine can be differentiated into two 
morphologic types: (1) epithelial and; (2) glomerular RBCs. 
Epithelial RBCs are regular with smooth, rounded 
or crenated membranes and an even hemoglobin 
distribution. Usually they result from disease below the 
glomerulus. As few as 1/hpf, suggests urologic disease, e.g. 
transitional cell carcinoma (TCC), renal cell carcinoma, 
stone disease, etc. Glomerular RBCs are dysmorphic 
with irregular shapes and cell membranes, and minimal 
or uneven hemoglobin distribution. Over 1,000,000 are 
normally excreted in the urine over a period. The upper 
limit of normal is 1,000/mL of urine or one for every two 
HPE Two or more per HPF suggests glomerulonephritis. 
White blood cells, generally more than 5-8 WBCs/hpf, 
are considered abnormal (pyuria) in a properly collected 
specimen. This would justify empirical therapy in a patient 
with symptoms of infection. Clumping suggests a more 


severe inflammatory response. Causes of pyuria include 

UTI (pyelonephritis, cystitis, prostatitis, urethritis, etc.), 

renal TB (sterile pyuria) and urolithiasis. 

Casts are formed in the distal tubules and collecting 
ducts from a mucoprotein matrix of the Tamm-Horsfall 
protein and cellular elements. They generally signify 
intrinsic renal disease. Casts may be of different types 
which are described as follows: 

e Red blood cell casts are diagnostic of glomerular 
bleeding (i.e. glomerulonephritis). 

e White blood cell casts are rarely seen but suggest 
pyelonephritis. Peroxidase staining is necessary to 
confirm that they are indeed polymorphonuclear 
leukocytes. 

e Granular casts (coarse, fine and waxy) represent 
sloughed renal epithelial cells and indicate intrinsic 
renal tubular disease. 

Squamous epithelial cells in the sediment suggest 
contamination of the specimen (common in women). 


Bacteria and Yeasts 


As few as one bacterium per high-power field in a strict 
properly collected specimen indicates bacteriuria. A negative 
U/A for bacteria never excludes the presence of bacteria in 
numbers of 30,000/mL and less. There is a chance of a false 
positive result where bacteria are seen in the microscopic 
sediment but the urine culture shows no growth. This mainly 
happens in females as voided urine may contain many 
thousands of lactobacilli and corynebacterium. 

These bacteria are readily seen under the microscope 
(Figs 3.3 and 3.4) and although they are Gram-positive, 
they often appear Gram-negative (Gram-variable) if stained. 
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Fig. 3.3: Gram-negative bacilli on light microscopy 
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Fig. 3.4: Gram-positive cocci on light microscopy 


Strict anaerobes, usually Gram-negative bacilli (Fig. 3.3), 
also make up a significant mass of the normal vaginal flora. 
A heavy presence of epithelial cells without organisms may 
indicate contamination. Gram stain may be useful on urgent 
specimens with pyuria to identify the infecting organism. 


Urine Culture 


The presumptive diagnosis of a UTI based on symptoms 
and U/A must be confirmed by culture. Culture of a properly 
collected urine specimen will provide identification, 
quantification and specific antimicrobial sensitivities for the 
offending pathogen. Culture ofurineis particularlyimportant 
in recurrent or persistent infection, renal insufficiency or 
drug allergies. The urine should be cultured immediately 
after being collected in a sterile container. If that is not 
possible, the sample should either be refrigerated at 4°C or 
boric acid preservative should be added to the urine. Even 
then, the urine needs to be tested within 24 hours to reduce 
the risk of multiplication of organisms (Figs 3.5 and 3.6). 

A specific amount ofurine is spread ona culture plate and 
the number of colonies per millimeter of urine is counted as 
colony forming units (cfu/mL). After overnight incubation, 
the number of colonies is estimated, often identified (after 
some experience), and multiplied by 10, to report the 
number of cfu/mL of urine. Different bacteria may produce 
distinctive colonies that help when making the diagnosis. 


Dipslides 


A simpler but somewhat less accurate technique is the use 
of dipslides. These inexpensive plastic slides are attached 
to screw-top caps; they have soy agar (a general nutrient 


Fig. 3.5: Culture and sensitivity testing. Here the coliform is fully 
sensitive to the all six routine antibiotics 


Fig. 3.6: Culture and sensitivity testing for routine coliforms. The 
antibiotics used here are nitrofurantoin, trimethoprim, gentamicin, 
ciprofloxacin, cephalexin and cefpodoxime. The coliforms are 
resistant to trimethoprim 


agar to grow all bacteria) on one side and eosin methylene 
blue or MacConkey’s agar for Gram-negative bacteria on 
the opposite side. A slide is dipped into urine, the excess 
is allowed to drain off and the slide is replaced in its 
plastic bottle and incubated. The volume of urine which 
is attached to the slide is between 1/100 and 1/200 mL. 
Hence, the colony count is 100-200 times the number of 
colonies that become visible with incubation. 

In actual practice, the growth is compared with a 
visual standard and reported as such. The species of 
bacteria is more difficult to recognize when this technique 
is used, but the technique is completely adequate. One 
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Box 3.3: The most common urine pathogens 


advantage to the dipslide is the ease with which the urine 
can be immediately cultured without the necessity of 
refrigeration. Patients can culture their own urine at home, 
keep the slide at room temperature and bring it to the 
office within 48 hours. 

In men, staged urine sampling, described by Meares 
and Stamey (1968), can be used. A positive sample taken at 
the start of the void represents urethral infection. A positive 
midstream sample reflects cystitis. The prostate is then 
massaged (expressed prostatic secretions) and the patient 
produces a urine sample, which indicate prostatic infection 
if positive. The most common urine pathogens are given 
in Box 3.3. 


Bacterial Count 


Recent studies have shown that the traditional cutoff 
of more than 105 bacteria/mL as few as 103 bacteria/ 
mL should be considered diagnostic particularly in 
symptomatic patients. 


Rapid Screening for Bacteriuria 


Rapid test for bacteriuria may now be determined by 
growth dependent or growth independent methods. 
Positive results can be obtained as early as in 4 hours. 


Test for Tuberculosis and Culture 


A microscopic examination (fluorescent stain) that shows 
acid-fast bacilli can give a presumptive diagnosis of 
urinary TB (Fig. 3.7). Iftuberculosis (TB) is suspected early 
morning, specimen should be submitted on Lowenstein- 
Jensen medium. This takes about six weeks. Nowadays 
there are newer media (e.g. bactec media and dubose) and 
chemicals or recent investigation techniques (e.g. Hela 
cell culture and immunoglobulin detection) may give very 
early reports (even within 24 hours). 


Urine Cytology 


Urine cytology is valuable in the diagnosis of carcinoma 
in situ of urinary bladder, where biopsy of the bladder 
is not helpful. Urine cytology often becomes helpful in 


Fig. 3.7: Acid-fast Bacilli in urine 


Fig. 3.8: Malignant cell on urine cytology 


high-grade TCC. Low grade TCC shed less malignant cell in 
urine and as such the cystoscopy remains the standard test 
for diagnosis and surveillance of bladder cancer (Fig. 3.8). 


LABORATORY TESTS 


Renal Function Test 


One of the major roles of the kidney is the excretion of 
soluble waste. This is achieved by the process of glomerular 
filtration. Creatinine is commonly used as an indicator 
of the glomerular filtration rate (GFR). Creatinine is a 
nontoxic breakdown product of creatine (Flow chart 3.1), 
a short-term energy store found in muscle (in the form of 
phosphocreatine). Laboratory analysis of serum creatinine 
entails chromatographic analysis of the products of the 
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Flow chart 3.1: Conversion of phosphocreatine to creatine 


Phosphocreatine (muscle) 


Creatine kinase (ATP-ADP) 


Creatine amidohydrolase 


Creatinine (+H,O) 


Jaffe reaction. Creatinine is mixed with alkaline picramate 
and an orange colored compound is formed. The product 
is then analyzed by a colorimeter. 


Serum Creatinine 


Serum creatinine is a simple measurement that accurately 
reflects the GFR. Creatinine is a metabolic product 
of creatine phosphate in skeletal muscle. The daily 
production is relatively stable for a given individual and 
is proportional to muscle mass. Creatinine clearance 
(Cer) occurs mainly by glomerular filtration (90%) and 
to a lesser extent by tubular secretion (10%). Thus Ccr 
approximates GFR and a doubling of serum creatinine 
indicates a 50% reduction in GFR. As nephrons are lost to 
disease, the remainder hypertrophy, and single nephron 
GFR increases in an attempt to maintain the overall GFR. A 
loss of 40-50% of renal mass is required before GFR begins 
to fall and creatinine rises. Various causes of raised serum 
creatinine are described in Box 3.4. 


Note: A normal creatinine in a term infant is only 0.1-0.4 
mg/dL due to very low muscle mass. In full and robust 
man createnine value may be increased normally. 


Blood Urea Nitrogen 


Urea is a metabolic product of protein catabolism, which 
is excreted by the kidneys. Blood levels tend to reflect GFR, 
but can be influenced by dietary protein intake, hydration, 
gastrointestinal bleeding and glucocorticoids. The blood 
urea nitrogen (BUN)/creatinisne ratio (Box 3.5), which 
is normally 10:1, can be a useful indicator. Patients with 


Box 3.4: Causes of raised serum creatinine 


Box 3.5: Conditions with elevated blood urea nitrogen/ 
creatinine ratio 


renal failure may develop very high BUN level that can be 
reasonably controlled by decrease in the dietary protein. 


Glomerular Filtration Rate 


Measurement of serum creatinine has its limitations. The 
relationship between serum creatinine and GFR is not 
linear, and serum creatinine level may not rise significantly 
until GFR is as low as 30% of normal. Glomerular filtration 
rate is an important measurement that provides clinicians 
with information about overall renal function. Glomerular 
filtration rate can be estimated in a number of ways.** 


Clearance concept: Glomerular filtration rate can be 
estimated by measuring clearances of a substance in 
which filtration by the glomerulus equals excretion in the 
urine. Clearance is the volume of plasma that is completely 
cleared of a substance by the kidneys per unit time. 


Calculation of clearance in mL/min: U (concentration 
of substance in urine) x V (urine flow rate)/Plasma 
(concentration of substance). 


Calculation of creatinine clearance: Creatinine is 
an endogenous substance that is present at a relatively 
constant level. Measurements and calculation according 
to the formula given below require 24 hours collection of 
urine (Fig. 3.9). Therefore, patients need to be compliant 
for results to be accurate." 


Formulae to estimate’ glomerular filtration 
rate: Isolated measurements of serum creatinine are not 
accurate indicators of early renal disease. By incorporating 
variables, such as age and weight, an estimated GFR can 
be derived. Two commonly used formulae are those 
attributed to Cockcroft and Gault and the modification of 
diet in renal disease (MDRD) formula. The Cockcroft and 
Gault formula includes age, weight and sex to estimate Ccr. 
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Fig. 3.9: Twenty-four hours urine collection 
(24 hours urine U x V/P = GFR) 


oun (140—age) x weight(kg) 
e = 
SCr x72 x [0.85if female] and adjusted for body 
surface area of 1.73 m? 


eGFR = Estimated glomerular filtration rate 

SCr = Serum creatine 

The four variable MDRD formulas are used in the UK 
chronic kidney disease guidelines to calculate estimated 
GFR (eGFR). 

(EGFR worn) = 186 x [SCr] = x [age] °°? x 

[0.742 if female] x [1.212 if black] 

This estimate allows clinicians to classify the degree 
of renal impairment and hence determine further 
management. Creatinine clearance measurement has 
its limitations. A small amount of creatinine is secreted 
by the renal tubules and therefore GFR is likely to be 
overestimated if it is measured by this technique. 


Constant infusion technique for measuring glomerular 

filtration rate: The gold standard method of measuring 
GER is with inulin infusion. Inulin is a polymer of fructose 
that is derived from the tubers of dahlias. It is freely filtered 
by the glomerulus and neither secreted nor reabsorbed at 
the tubules. Accurate urine samples are taken following the 
infusion of inulin to maintain a constant concentration. 
This technique, although accurate, is limited to the 
research laboratory.’ 


Radioisotope measurement of glomerular filtration 
rate: Ethylenediaminetetraacetic acid (EDTA) is added 
to many commercial beers to stabilize foaming and when 
chelated with copper it produces a blue color used in 
shampoo. Chromium-labeled EDTA may also be used 


in the laboratory as a method of measuring GFR as it is 
cleared by glomerular filtration. Following injection of the 
substance, blood samples are taken and a rate of decay of 
the sample is plotted to enable calculation of GFR. 


Creatinine clearance can be estimated by following 

other ways: 

1. Urine creatinine (mg)/Plasma creatinine (mg) x 0.07 
mL/min = GFR 

2. Age and body weight: 
For men, Ccr = (140 age) x Wt/Creatinine x 72= GFR 
For women, Ccr = (140 age) x Wt/Creatinine x 85= GFR 


Prostate Specific Antigen 


Prostate specific antigen (PSA) is a protein produced by the 
cells of the prostate gland. Prostate specific antigen is present 
in small quantities in the serum of normal men and is often 
elevated in the presence of prostate glands and in other 
prostate disorders. Measurement of PSA is considered the 
most effective test currently available for the early detection 
of prostate cancer. High levels of PSA are often associated 
with both localized and metastatic prostate cancer (CaP). 


Biochemistry 


Prostate specific antigen is a 34 kD glycoprotein secreted 
almost exclusively by the prostate glands. Prostate specific 
antigen liquefies the semen in the seminal coagulum and 
allows sperm to swim freely. Prostate specific antigen also 
helps in dissolving the cervical mucus cap, allowing the 
entry of sperm. 


Discovery of Prostate Specific Antigen 


Hara in 1971 recognized a unique protein in the semen fluid, 
gamma-seminoprotein. In 1973, Li and Beling, isolated 
another protein E1 from human semen in an attempt to find 
a novel method to achieve fertility control. Sensabaugh in 
1978, identified semen-specific protein p30, but proved that 
it was similar to E1 protein and that prostate was the source. 

Wang in 1979, identified a tissue-specific antigen from 
the prostate (“prostate antigen”). Papsidero in 1980, first 
measured the prostate specific antigen quantitatively in 
the blood and Stamey conducted the initial work on the 
clinical use of PSA as a marker of prostate cancer. 

Early studies have shown it to be a highly sensitive 
marker for prostate cancer. It holds good promise as 
a marker to follow progression of disease, particularly 
following radical surgery or radiotherapy. Prostate specific 
agent is prostate specific, but not cancer specific. The 
causes of increased PSA level are mentioned in Box 3.6. 
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Box 3.6: Causes of increased prostate specific antigen 


Normal value in adults is 0-4 ng/mL. Value greater 
than 10 ng/mL is taken as highly suspicious for cancer, but 
greater value may be shown by other problems like large 
benign prostatic hyperplasia (BPH). In such situation, a 
prostatic biopsy preferably under transrectal ultrasound 
guide will be indicated. Each gram of BPH may give an 
additional value of 0.3 ng/mL. Prostate specific agent 
production by malignant tissue is variable and dependant 
on the degree of differentiation, e.g. undifferentiated 
tumor produces less PSA. 


Prostate Specific Agent Velocity 


Prostate specific agent velocity is the rate of change of 
serum PSA after a certain interval (e.g. 3 ng/year). Patients 
with elevated PSA and negative biopsy will need follow-up 
with PSA value estimated at a definite interval of time, e.g. 
3 months. If the value of PSA increases uniformly over the 
period of time, it becomes highly suspicious for carcinoma 
of prostate. 


Prostate Specific Agent Density (Prostate Volume) 


Prostate specific agent levels are elevated in BPH, particularly 
in large size prostate. The value of PSA is elevated by 
approximately 0.12 ng/mL per gram of BPH tissue. Prostatic 
biopsy is indicated when the PSA density exceeds 0.1 or 0.15. 


Complexed and Free Prostate Specific Agent 


Two different types of PSA exist: (1) complexed PSA and; 
(2) free PSA. Complexed PSA is associated with cancer 
and in BPH, free PSA is elevated. Prostate specific agent 
is an effective marker in monitoring patient with prostatic 
cancer. Prostate specific agent level is also used to monitor 
the response of the therapy in advanced cancer, D2 disease 
of carcinoma prostate. 


Prostate Specific Agent in Other Biologic Fluids and Tissues 


Prostate-specific antigen is not a correct term. Prostate 
specific agent is neither an antigen nor it is specific to the 
prostate. It is found in large amounts in prostatic tissue 
and semen, but it has been detected in other body fluids 
and tissue. 


Prostate specific agent is found in female ejaculate. 
Prostate specific agent is detected in breast milk and 
amniotic fluid. Prostate specific agents have been identified 
in the urethral glands, endometrium, normal breast tissue 
and salivary gland tissue in low concentrations. Prostate 
specific antigen has also been detected in the serum of 
women with breast, lung or uterine cancer, and in some 
patients with renal cancer. 


Uses of Prostate Specific Agent in Prostate Cancer 


Screening: TheFoodandDrugAdministrationhasapproved 
the PSA test for annual screening of prostate cancer in men 
of age 50 and older. Prostate specific agent levels between 
4 ng/mL and 10 ng/mL are considered to be suspicious 
and should be followed by rectal ultrasound imaging and, 
if indicated, prostate biopsy. Prostate specific agent is false 
positive-prone (7 out of 10 men in this category will still 
not have prostate cancer) and false negative-prone (2.5 out 
of 10 men with prostate cancer have no elevation in PSA). 
Recent reports indicate that refraining from ejaculation 24 
hours or more prior to testing will improve test accuracy.'*° 


Post-treatment Monitoring 


Estimation of serum PSA is an important instrument to 
measure the treatment response during the follow-up of 
patient with prostate cancer. Elevated level of PSA in a patient 
with radical prostatectomy may indicate a treatment failure 
or the prostate cancer has reached to a status of hormone 
independence. At this stage second line of hormone 
manipulation may be still effective and here again the PSA is 
the marker indicating the responsiveness or resistance. 


Forensic Identification of Semen 


Currently PSA used as an aid in the investigation of rape 
cases. A high level of PSA found in a sample is an indicator 
that semen may be present. 


Prostatic Acid Phosphatase 


Acid phosphatase is an enzyme produced by a variety of 
body tissues; however, the prostate is noted to be the most 
concentrated source. Human prostatic acid phosphatase 
(PAP) is a glycoprotein of 102,000 molecular weight. 
Routine enzymatic serum assays specific for PAP utilize 
thymolphthalein phosphate as substrate. Blood samples 
should be chilled immediately after collection to avoid 
loss of enzyme activity. An elevated serum PAP indicates 
metastatic disease. Routine enzymatic assays for PAP have 
70% sensitivity and 90% specificity. The causes of false 
positive serum PAP are mentioned in Box 3.7. 
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Box 3.7: Causes of false positive serum prostatic 
acid phosphatase 


Alkaline Phosphatase 


Alkaline phosphatase is an enzyme produced by many 
tissues, especially bone, liver, intestine and placenta. Most 
of the enzymes present in normal serum are derived from 
metabolic activity in bone. Prostate cancer metastatic 
to bone causes an elevation in alkaline phosphatase 
secondary to increased metabolic activity in the bone 
surrounding the metastatic lesion. When an elevated total 
alkaline phosphatase is in question, the bone derived 
isoenzyme can be isolated out by its heat labile (bone 
burns). If the enzymatic activity of the heated fraction is 
less than 30% of the total, it suggests bone as the origin 
(the bone isoenzyme is inactivated by the heating). 


Twenty-four Hours Urine Collection 


A 24-hour collection is often necessary for the workup of 
stone forming patients and for an accurate assessment of 
renal function or proteinuria in a patient with renal disease. 
The most common reason for inaccuracy of values obtained 
from a 24-hour urine collection is due to incomplete 
collection. An incomplete collection is suggested by an 
inadequate amount of total creatinine in the sample 
since the total amount of creatinine excreting 24 hours is 
dependent on muscle mass and is generally constant. The 
normal production of creatinine is 1.0 mg/kg per hour. 


Stone Work-up 


A 24-hour urine collection for calcium, phosphorus, 
oxalate, magnesium and uric acid is standard in the 
evaluation of the repeat stone former. 

Creatinine clearance can be calculated from a 24-hour 
urine collection by knowing the volume of urine in mL/24 
hours (V), the urine creatinine concentration in mg/mL 
(Uc), the plasma creatinine concentration in mg/mL (Pc) 
and the following formula: 24 hours urine U x V/P = GFR 
(creatinine clearance). 

The Ccr can be estimated without a 24-hour urine 
collection simply by knowing the patient’s age, sex, weight 
and serum creatinine and using the following formula: 
(140 age) x Wt/Creatinine x 72 = GFR (multiply answer by 
0.85 for women). 


This formula is invalid in the setting of acute renal 
failure since its application requires a stable serum 
creatinine (steady state). 


Proteinuria 


Normal 24 hours protein excretion is less than 200 mg. Heavy 
proteinuria (>2 gm/day) is suggestive of glomerular disease. 


Urinary Electrolytes 


Spoturinarysodium (Na) and potassium (K) measurements 
can be a valuable tool in diagnosing hypovolemia or 
prerenal azotemia. The kidney has an impressive capacity 
to hold into sodium. 


Test for Urothelial Cancer 
Urine Cytology 


The evaluation of voided or bladder wash (barbotage) 
urine for bladder urothelial cancer cells has been quite 
successful for higher grade (2-3) transitional cell cancers. 
Lower grade tumors less commonly shed abnormal cells. 
Cystoscopy remains the standard diagnostic test for initial 
diagnosis and surveillance of bladder cancer. 


Bladder Tumor Antigen Test 


TRAK® Test 


The bladder tumor antigen test (BTA; Bard Diagnostic 
Sciences, Inc, Redmond, WA) is an assay for the qualitative 
detection of bladder tumor antigen in the urine.’*"° 


Nuclear matrix protein 22: The nuclear matrix protein 
22 test (NMP22; Matritech, Inc, Newton, MA) is an 
immunoassay. Normal subjects will have low levels of 
NMP22 in the urine whereas patients with active TCC may 
have high levels of urinary NMP22. 


QUANTICYT System 


The QUANTICYT system is a computer based cytologic 
image analysis system. This system evaluates 50 randomly 
selected images containing 100-500 nuclei for DNA 
content and nuclear shape. 


HORMONAL STUDIES IN URINE 


Urinary level of adrenal hormone and its metabolites are 
helpful in diagnosing adrenal disease. Pheochromocytoma 
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and neuroblastoma can be detected by excretion of 
vanillyl-mandelic acid. High urinary levels of epinephrine 
and norepinephrine and metanephrine is a more sensitive 
indicator of pheochromocytoma. High level of aldosterone 
in urine is indicative of aldosterone secreting tumor. 
Urinary levels of 17 urinary ketosteroids may be elevated 
in other adrenocortical tumors. Estimation of various 
hormones may be of great help in understanding the 
disease process involving the endocrine glands or their 
related diseases. Endocrine glands of urologist’s interest 
are parathyroid, kidneys, adrenals and testis. 


Parathyroid Hormones 


Estimation of parathyroid hormone may be useful in 
determining the presence of parathyroid adenoma in patient 
with urolithiasis and an elevated serum calcium level. 


Renin 


Serum renin level may be found to be elevated in 
renovascular hypertension. 


Steroid Hormones 


Aldosterone, cortisol, norepinephrine and epinephrine 
estimation is useful in determining adrenal function or the 
presence of adrenal tumor. 


Beta Human Chorionic Gonadotropin 
and Alpha-Fetoprotein 


Estimation of beta human chorionic gonadotropin and 
alpha-fetoprotein is extremely important in staging of 
testicular tumor and its follow-up. 


Follicle-stimulating Hormone 


Follicle-stimulating hormone (FSH) is very much helpful 
in evaluation of azoospermia. Very high value is consistent 
with testicular failure where as normal level suggest 
obstructive azoospermia. 


Human Chorionic Gonadotropin 


Human chorionic gonadotropin is a 38,000 molecular 
weight double chain glycoprotein with alpha and beta 
subunits normally secreted by the syncytiotrophoblastic 
cells of the placenta. Human chorionic gonadotropin 
is elevated in all patients with choriocarcinoma, in 
40-60% of embryonal carcinomas and in 5-10% of 
pure seminomas. Its alpha subunit is similar to those 


of luteinizing hormone, FSH and thyroid stimulating 
hormone; therefore antibodies to the beta subunit 
must be used for measurement. It has a metabolic 
half-life of 24 hours and normal adult levels should be 
<40 ng/mL." 
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Chapter 


INTRODUCTION 


X-rays are electromagnetic waves of energy, created when 
high-speed electrons hit the tungsten target of an X-ray tube. 
They are having great penetrating ability and these properties 
make them very useful in medicines. An X-ray is ionizing 
radiation due to its ability to liberate electrons from atoms. 
The electromagnetic waves with photon energies that 
typically fall between those of gamma rays and ultraviolet 
radiation are considered as X-rays. All living tissues differ in 
their ability to absorb X-rays and this difference makes the 
radiography possible. Contrast medium are pharmaceutical 
which is used frequently employed to enhance soft-tissue 
contrast. Although newer imaging techniques have largely 
replaced conventional radiography for diagnosis of many 
urologic problems, general radiography remains useful for 
some urologic disorders; therefore, the urologist should be 
familiar with X-ray equipment and uroradiologic techniques. 
The basic types of uroradiologic studies are plain 
(conventional) abdominal films, (also known as KUB, which 
stands for kidney, ureter and bladder) intravenous urograms 
(IVU), cystourethrograms, urethrograms and angiograms. 


RADIOLOGY TECHNIQUES 


Modern X-ray units contain both radiographic and 
fluoroscopic capabilities. The prerequisites of this dual system 
are high voltage power supply, an X-ray tube, a collimating 
device and an X-ray detector or film. The fluoroscopic units 
also use an electronic image intensifier and an image display 
system. Currently most modern radiology departments have 
become completely “film less” as digital recording; displaying 
and archiving of images are replacing film-based techniques. 

The real time images and the video of the entire 
procedure can be uploaded to local area network (LAN) of 
the hospital or can be uploaded to internet for a widespread 
sharing. 

Image intensifiers coupled to video cameras, electro- 
nically augment the ordinary dim fluoroscopic image. 
Acquired images can be recorded and simultaneously 
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viewed on monitors or can be uploaded in to the LAN or 
internet. 

Conventional recording of an X-ray image uses film and 
intensifying screens. The image intensifier and camera can 
be used to capture dynamic and static images. Real time 
images may be recorded using photographic cine cameras, 
though this has been largely replaced by conventional or 
digital video. Conventional spot images may be acquired 
on X-ray film or digitally recorded including rapid sequence 
images." 


RADIATION EXPOSURE HAZARD 


The radiation dose is measured in terms of the ionizing 
energy absorbed by the tissues and its unit is the radiation 
absorbed dose (rad). The Roentgen equivalent man (rem) 
is a radiation unit, which defines the biologic effect of the 
dose on tissues; however for X-rays, one rad equals to 
one rem. The average yearly background environmental 
exposure in the US ranges from 80 mrems to 125 mrems 
(mrems = millirems or 10-3 rems) per person. In medical 
diagnostic X-rays, less than 1% of the ionizing radiation 
passes through the patient unimpeded while 99% is 
absorbed. The National Council on Radiation Protection 
and Measurements recommended permissible annual 
occupational radiation exposure limit is 5 rads/year whole 
body dose and 0.5 rads/9 months for pregnant employees. 
This information is important for the urologist who is 
working with C-arm. 
e A linear relationship exists between dose and carcino- 
genicity for doses is greater than 100 rads. 
e A whole body dose of 500 rads is fatal. 
e Radiation dose is cumulative over one’s lifetime. 
e Scatter radiation is the principal source of hazard to 
X-ray personnel and urologists using fluoroscopy. 


Radiation Hazard to Pregnant Women 


Application of diagnostic X-ray examination to pregnant 
women is complicated since risks to both mother and 
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embryo/fetus must be considered. Embryos and fetuses 
are more sensitive to radiation than adults or children. The 
threshold doses for fetal death, malformations and mental 
retardation which are deterministic effects, are reported to 
be 100-200 mGy or higher. The relative risk for childhood 
cancer due to radiation at an absorbed dose of 10 mGy 
during embryonic/fetal development has been estimated 
at 1.4. However, the absorbed dose of the embryo/fetus 
during X-ray diagnostic examination in which the X-ray 
beam does not irradiate the embryo/fetus directly, such 
as maternal skull and chest X-ray, is extremely low (less 
than 0.01 mGy). Thus, these diagnostic procedures are not 
a problem from the perspective of radiological protection 
of the embryo/fetus. However, for pelvic computerized 
tomography (CT) scan and barium enema in which the 
uterus is directly within the X-ray beam, the absorbed 
doses to the embryo/fetus are about 20-80 mGy and 
10-20 mGy, respectively. Therefore, medical staff must 
pay careful attention to the embryo/fetus in application 
of these examinations. Pregnant women who were 
not aware of pregnancy at the time of their diagnostic 
exposure have great anxiety about radiation from such 
X-ray examinations. However, fetal doses below 100 mGy 
should not be considered a reason for terminating a 
pregnancy.’ 

Radiation exposure to pregnant women from 
diagnostic procedures will almost never result in fetal 
absorbed doses that are high enough to cause damage to 
the fetus, unless multiple examinations are performed. 
Prenatal radionuclide dose or technical factors of X-ray 
exposure should be recorded to facilitate estimation of 
fetal dose. Fetal doses of less than 100 mGy (10 rad) do 
not increase the incidence of fetal malformation. Doses 
of 200-500 mGy (20-50 rad) should be evaluated in the 
context of the type of radiation and time of exposure 
relative to fetal development and may be associated with a 
reduction in IQ. Radiation doses greater than 500 mGy (50 
rad) results in a significant risk of growth retardation and 
central nervous system damage (Table 4.1). 


Measures to Avoid Scatter Radiation Exposure 


e Use lead aprons, thyroid shields and lead eye glasses 
when in the same room as the active X-ray source. 

e Maximize your distance from the X-ray source (Inverse 
square law-exposure rate decreases with the square of 
the distance). 

e Minimize fluoroscopic times. 

e Only use fluoroscopic machines with the X-ray tube 
under the table. 

e Biologic effects of low doses of ionizing radiation. 


Table 4.1: Radiation doses associated with various radiological 
investigations 


Radiation Dose 
30 mrads 

1 rad 

4 rads 

4 rads 

1 rad 

3 rads 

1-2 rads/min 


Procedure 
Chest X-ray 
Kidney, ureter and bladder (plain film) 


Intravenous urogram (with tomograms) 


Retrograde urogram 


Cystourethrogram 
Body CT scan 
Fluoroscopy 


Radiation Induced Tissue Damage and 
its Mechanism 


All ionizing radiation, such as X-rays, is uniquely energetic 
enough to overcome the binding energy of the electrons 
orbiting atoms and molecules thus, these radiations can 
knock electrons out of their orbits, thereby creating ions. 
When the living is exposed to X-rays, the most common 
scenario is the creation of hydroxyl radicals from X-ray 
interactions with water molecules; these radicals in turn 
interact with nearby DNA to cause strand breaks or base 
damage. Like other ionizing ray the X-rays can also ionize 
DNA directly. This also hold true that most radiation- 
induced damage is rapidly repaired by various systems 
within the cell but DNA double-strand breaks are less easily 
repaired and occasional irrepair can lead to induction of 
genetic mutations, chromosomal translocations and gene 
fusions, all of which are linked to the induction of cancer. 


CONTRAST MEDIA 


Use ofiodinated contrastmedia greatly enhances radiographic 
studies of the urinary tract. Sodium or methylglucamine 
salts of triiodinated benzoic acid (Renografin; Hypaque) are 
the contrast media most commonly used for intravenous 
urography. Routine dosages are lmL/kg or 0.5 mL/lb of 
standard strength urographic contrast agents given by rapid 
IV push. The mortality rate associated with the administration 
of contrast agents is approximately 1 per 50,000 patients. 
Nonionic contrast media is now-a-days preferred due to its 
less complication rate (Box 4.1). 


Box 4.1: Contraindications of intravenous urograms 
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Box 4.2: Risk factors for adverse effects from contrast media 


Nonionic Contrast Media 


Low osmolarity nonionic contrast media has been 
introduced to minimize the side effects of conventional 
contrast media and become a good option for the patients 
with history of allergy to conventional contrast media. The 
only shortcoming of this new molecule is the high cost. 
This is also unclear whether they reduce the mortality.'* 


Adverse Effects of lodinated Contrast Media 


Vasomotor effects include a sensation of warmth or 
flushing, nausea, etc. (Box 4.2). 


ANAPHYLACTIC REACTIONS 


Allergic reactions usually occur immediately or within 
5-10 minutes and are characterized by hypotension and 
tachycardia, when severe. Mild-to-moderate erythema 
and urticaria occurring up to 5% of patients and can be 
treated with antihistamine or steroid, IM/IV if necessary. 
Severe urticaria or any respiratory distress, including 
burning or tightness of the throat, change in voice, 
laryngeal edema, bronchospasm or apnea, occurs in up to 
1 in 1,000 patients. They should be treated with immediate 
hydrocortisone I/V or epinephrine (1:1,000) 0.3-0.5 mg) 
T/V followed by the cardiopulmonary resuscitation efforts 
as needed (Box 4.3). 

Vagal reactions are characterized by hypotension 
and bradycardia when severe. Early signs are confusion, 
apprehension and diaphoresis. Severe bradycardia [heart 
rate (HR) < 50] and hypotension (systolic blood pressure < 
80) should be treated with intravenous fluids, leg elevation 
and 0.5-1.0 mg atropine I/V to increase HR. 


Box 4.3: Prevention of adverse effects of contrast media 


Box 4.4: Prevention of contrast nephropathy 


NEPHROTOXICITY 


Nephrotoxicity is believed to be dose related and is 
therefore dependent on extracellular fluid volume and 
renal function. It usually manifests as a decrease in urine 
output and a modest rise in serum creatinine, which peaks 
on the third day after the procedure. Patients with type I 
insulin dependent diabetes and a serum creatinine more 
than 1.5 have been noted to be in especially high risk 
of nephrotoxicity. Patients with normal renal function 
(creatinine < 1.5), even if diabetic, generally have a 
negligible risk of nephrotoxicity as long as large doses of 
contrast are avoided (Box 4.4). Nephrotoxicity is seen 
more intense in multiple myeloma patients where IVU is 
contraindicated. 


CARDIOVASCULAR TOXICITY 


Hypertonicity and direct chemotoxic effects can result 
in intravascular volume expansion, hemodilution and 
hypotension in patients with cardiac risk factors. 


RADIOLOGICAL INVESTIGATIONS FOR 
UROLOGICAL PATIENTS 


The plain abdominal X-ray is readily available. It is often 
used for urgent investigation, for example, of acute 
abdominal pain. They are an adjunct to history and 
examination. The risk and benefits of such investigation 
should always be considered. Any doctor who sees 
patients with an acute abdominal pain should understand 
the value and limitations of the technique. Employing a 
consistent routine when examining abdominal X-rays will 
improve detection of abnormal findings. Other imaging 
techniques should be considered, including ultrasound, 
CT scans and magnetic resonance imaging (MRI) scans. 

General X-rays (Fig. 4.1) are used to diagnose many 
various diseases, disorders and trauma injuries that can 
affect the body. 


Plain Film KUB 


Plain film (scout film or KUB) is an invaluable aid in 
diagnosis and should not be underestimated. Prior to 
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Fig. 4.1: General radiology or “X-rays” are provided utilizing a 
general X-ray room, a combination X-ray/fluoroscopy (live X-ray) 
room, a portable X-ray unit and a portable fluoroscopic C-arm unit 


the introduction of ultrasound, the plain abdominal 
radiograph or the radiograph of the KUB, followed by an 
IVU or excretory urogram, was the gold standard imaging 
modality of the urinary tract. 

The KUB also has a long history; one of the very first 
radiographic diagnosis made was a renal stone (Fig. 
4.2). However, the value of the KUB is now increasingly 
challenged by the explosion in the technical ability of 
the cross sectional and computerized modalities such as 
ultrasound, CT and MRI, although it still maintains a role 
in certain situations. 


Fig. 4.2: A plain film kidney, ureter and bladder showing 
a stone in left proximal ureter 


Its particular value is still in demonstrating the 
presence or absence of calcification or calculi related to 
the urogenital tract. For confident imaging, it is important 
to ensure that the entire tract is imaged adequately 
from the upper poles of kidneys to the bladder base and 
further supplementary views may be necessary. Oblique 
views; views in another phase of respiration, or in plain 
tomography, all can contribute to improved visualization 
of the renal areas and increase diagnostic confidence. 

The bones should be scrutinized for congenital 
vertebral anomalies. For example, widened pubis 
symphysis seen with bladder exstrophy and destructive 
bony lesions in adults of appropriate age group indicates 
malignant or infective bony disease and a neural cause 
for bladder dysfunction. The bladder outline itself is 
poorly seen, as there is often insufficient surrounding 
fat around the bladder to confer visibility by virtue of a 
density gradient, unlike the kidneys and their abundant 
surrounding retroperitoneal fat.*° 


Value and Limitations 


Criticisms of requests for abdominal films often quote alow 
number of cases in which the diagnosis or management 
was changed by the X-ray. A survey found that there were 
abnormalities in 66% of films but alteration of diagnosis 
in 7% and of management in only 4%. The authors state 
that “the investigation was of immediate clinical value 
in only 4% of the patients and its use could probably be 
limited without detriment to patients.” There is evidence 
that many doctors would benefit from further training in 
reading X-rays. Erect abdominal X-rays are requested to 
look for fluid levels in obstruction or ileus. Air under the 
diaphragm may be seen in an erect picture ifthe bowel has 
been perforated. 


Indications of Plain KUB 
Renal Colic 


A KUB picture is requested. This is a large film that is 
designed to take in the kidneys, ureters and bladder. 
About 90% of renal stones are radiopaque. Uric acid stones 
especially may be missed. False positives may occur from 
phleboliths that are most common in the pelvic veins 
and false negatives from small stones. Calcification may 
represent gallstones, but only a minority of gallstones are 
radiopaque. The presence of gallstones does not confirm 
biliary colic as the cause of pain as gallstones become more 
frequent with age and are often asymptomatic. Doctors 
in accident and emergency tend to be poor at identifying 


Chapter 4 Application of X-ray in Urology 


stones on plain films but if urinalysis is negative, the 
diagnosis is unlikely to be renal colic. 


Intestinal Obstruction 


Erect and supine films are used to confirm the diagnosis. 
Obstruction of the small bowel shows a ladder-like series of 
small bowel loops but this also occurs with an obstruction of 
the proximal colon. Fluid levels in the bowel can be seen in 
upright views. Distended loops may be absent if obstruction 
is at the upper jejunum. Obstruction of the large bowel 
is more gradual in onset than small bowel obstruction. 
The colon is in the more peripheral part of the film and 
distension may be very marked. Fluid levels will also be seen 
in paralytic ileus. In an erect film, a fluid level in the stomach 
is normal as may be a level in the cecum. Multiple fluid levels 
and distension of the bowel is abnormal. 


Perforation of the Intestine 


If the bowel has been perforated and a significant amount of 
gas has been released, it will showas a translucency under the 
diaphragm on an erect film. Gas will also be found under the 
diaphragm for some time after laparotomy or laparoscopy. 


Appendicitis 


An appendicolith may be apparent in an inflamed 
appendix in 15% of cases but as a diagnostic point in the 
management of appendicitis, the plain X-ray is of very 
limited value. It may be of value in infants. 


Intussusception 


Intussusception occurs in adults and children. A plain 
abdominal radiography may show some characteristic gas 
patterns. A sensitivity and specificity of 90% adds to this 
rather difficult diagnosis but ultrasound is vastly superior. 


Detection of Swallowed Foreign Bodies 


Plain X-ray will detect the presence of radiopaque foreign 
bodies. A negative result does not exclude the presence 
of a drug filled condom adequately and an ultrasound 
examination may be considered. 


How to Read the Plain KUB 


e Identify the name and date on the film. 
e Ifthere are previous films, use them for comparison. 


e Identify the projection of the film (most are 
anteroposterior). 

e Identify the view taken (supine, erect or lateral 
decubitus). 

e Confirm that an adequate area has been covered, 
especially for a KUB. 

e An abdominal film should include the lower anterior 
ribs and entire pelvis. 

e Check exposure. 

If the spine is visible, most structures to be seen will 
be visible. Under penetration is not usually a problem. 
Overexposure (dark areas) should be viewed with a bright 
light. Artifacts may be immediately obvious. Piercing of 
the umbilicus is very popular, especially in young women 
but genital piercing is not infrequent. Metallic objects are 
obvious. There may be clips or materials from previous 
surgery. Occasionally, a retained surgical instrument is 
seen. Swabs contain a radiopaque band may be seen.” 

Solid organs, hollow organs and bones on plain KUB 
X-ray can be visualized as visible or not visible, normal 
in size, enlarged, or too small, distorted or displaced, 
abnormally calcified, containing abnormal gas, fluid or 
discrete calculi. 


Bones to be Seen on Plain KUB 


e Lower rib cage 
e Lumbar spine 
e Sacrum 

e Pelvis 

e Hip joints. 


Images of Solid Organs on Plain KUB 


Liver: There is soft tissue density in the right upper 
quadrant that displaces any bowel from this area. 


Spleen: Soft tissue mass in the left upper quadrant about 
the size of a fist (usually is not visible). 


Kidneys: A shadow may be visible. The left kidney is 
higher than the right. The upper poles tilt medially. They 
should be about three vertebrae in size. 


Psoas muscles: They form straight lines extending infero- 
laterally from the lumbar spine to the lesser trochanter of 
the femur. 


Bladder: Ifthe bladder is full, it will appear as a soft tissue 
density in the pelvis. 
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Uterus 
e Sits on top of and may indent the bladder 
e Itis often not seen on plain films 


Prostate 
e Sits deep in the pelvis 
e Usually only seen if calcified 


Images of Hollow Organs on Plain KUB 


Stomach: When supine, air in stomach will rise anteriorly 
and fluid will pool posteriorly. 


Small Bowel 

e Gas willbe seen in polygonal shapes due to peristalsis. 
e Normal small bowel is 2.5-3.0 cm in diameter. 

e Valvulae may be seen crossing the entire lumen. 

e Often little small bowel is seen on a plain film. 


Appendix 

e Occasionally an appendicolith is seen. 

e Less commonly barium from an old study, or ingested 
foreign bodies appear in the appendix. 


Colon 
e Start in the right iliac fossa with the cecum that may 
show fluid levels. 


e Follow it up to the hepatic flexure, over to the splenic 
flexure and down into the pelvis. It may be filled with 
air or feces. Shape may altered by redundant bowel. 
The colon is in the periphery of the abdomen. 


Normal Calcification on Plain KUB 


e Costal cartilage 

e Mesenteric lymph nodes 

e Pelvic vein phleboliths 

e Prostate glands abnormal calcification 

e Calcification in renal tissue 

e Calcification in blood vessel and vascular aneurysms 
e Calcification in gallbladder fibroids (leiomyomas). 


Presence of adequate amount of calcium can make the 
following pathology visible: 

e Gall stones 

e Urinary stones (20% radioluscent) 

e Calcification of tumor or cancer etc. 


Examples of other calcification 
e Calcification of costal cartilages may be seen in the 
elderly. 


e Ureteric calculi sometimes may be confused with 
mesenteric lymph nodes because of their presence in 
the ureteric line. 

e Some time phleboliths from calcified pelvic veins may 
be confused with ureteric stone. 

e Prostatic calcification may appear in the aging 
prostate, it may be found in prostate cancer but it is not 
diagnostic. 

e Stone formation and calcification may occur in chronic 
pancreatitis and may show the whole outline of the 
gland. 

e Nephrocalcinosis or calcification of the renal paren- 
chyma may indicates pathology including hyper- 
parathyroidism, renal tubular acidosis and medullary 
sponge kidney. 

e Some times calcification of blood vessels usually affects 
the arteries and can be quite striking. The whole vessel 
may be outlined by calcium. Extensive calcification may 
indicate widespread atheroma, especially in diabetes. 

e Calcification of aortic aneurysm is usually seen below 
the level of renal hilum. 

e Stones in the gall bladder are visible only in 10-20% 
of cases. For detection of the gall stones ultrasound is 
vastly superior than plain abdominal X-ray. Sometimes 
the gall bladder may become calcified after repeated 
episodes of cholecystitis lead to a porcelain gallbladder 
and can be easily seen in plain X-ray abdomen. It 
is important to remember that 11% of this clinical 
condition will become malignant.” 

e Urinary calculi tend to obstruct at certain sites, 
especially the pelviureteric junction, brim of the pelvis 
and vesicoureteric junctions. 

e Urinary bladder calculi may occasionally be seen. 
Urinary bladder stones are usually quite large. 

e Bladder tumor calcification may also occur. 

e Calcification may be seen in schistosomiasis and may 
produce calcification of the bladder wall. This was 
some times seen in X-rays of mummies of ancient 
Egyptian pharaohs. 

e Ovarian teratoma may show a tooth. 


Radiopaque Shadow on Plain KUB Film 

e Almost 80-90% of the ureteral calculi can be found on 
the KUB. 

e Parenchymal calcifications within cysts or tumors 
(calcification increases the likelihood of malignancy) 

e Nephrocalcinosis (hyperparathyroidism, renal tubular 
acidosis, medullary sponge kidney) 

e Tuberculosis of the kidney 

e Adrenal calcifications (suggests a history of adrenal 
hemorrhage) 
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e Phleboliths 

e Calcified lymph nodes 

e Gallstones (10% are calcified) 

e Appendicolith 

e Calcified costal cartilages 

e Calcified uterine fibroids 

e Prostatic calcifications (suggests chronic prostatitis) 

e Aortic calcifications 

e Pancreatic calcification (suggest chronic pancreatitis). 


Air Under the Diaphragm 
e Ruptured hollow viscus 
e Postoperative 


Air Within the Kidney or Pelvis 
e Emphysematous pyelonephritis 
e Fistula with gastrointestinal tract 


Enlargement of One Kidney 

e Renal tumor or cyst 

e Unilateral hydronephrosis 

e Unilateral acute renal vein thrombosis 
e Compensatory hypertrophy 

e Multicystic kidney disease 


Unilateral Small Kidney 

e Congenital hypoplastic kidney 

e Chronic pyelonephritis with scaring 
e Renal artery stenosis 


Enlargement of Both Kidneys 

e Polycystic kidney disease 

e Bilateral hydronephrosis 

e Amyloidosis, multiple myeloma, etc. 
e Glycogen storage diseases. 


Current Status of Plain KUB in Acute Ureteric Colic 


One of the most common emergency admissions is ureteric 
colic and needs an investigation which is sensitive, specific 
and quick to perform, not only to confirm urolithiasis but 
also to exclude other conditions which may need immediate 
intervention. This investigation should be easily available, 
cheap and cost-effective. Noncontrast helical computerized 
tomography (NCHCT) fulfills most of these requirements.'* 


Noncontrast helical CT was 91% sensitive and 
98% specific in detecting urolithiasis. Plain KUB and 
ultrasonography are less sensitive than NCHCT although 
specificity is almost the same. Noncontrast helical CT is a 
very sensitive and specific investigation for evaluation of 
acute flank pain due to urolithiasis, besides helping in the 
detection of nonrenal causes of pain. 
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Chapter 


Intravenous Urography 


and Contrast Study of 


PRELUDE 


An intravenous pyelogram, also known as IVP, pyelo- 
graphy, intravenous urogram, is a radiological procedure 
used to visualize abnormalities ofurinary system, including 
the kidneys ureters and bladder. Intravenous (sometimes 
also called excretory) urography was first introduced into 
radiological practice in the early 1900s. Techniques of 
intravenous urography (IVU) almost remained unchanged 
over the years from the inception. 

Intravenous urogram may provide an excellent informa- 
tion about the upper tract of the urinary system. And the 
pelvicalecial system of the kidneys, pelvis and the upper 
ureter are best studied with the early images of IVU and the 
later views will show gradual opacification of the bladder.'* 


PROCEDURE 


Contrast media is administered to a patient via a needle 
or cannula into the vein, typically in the arm. Drug 
administered as contrast media is excreted or removed 
from the bloodstream via the kidneys, and the contrast 
media becomes visible on X-rays almost immediately after 
injection. Exposures are taken at specific time intervals to 
capture the contrast as it travels through the different parts 
of the urinary system. Timed multiple exposure with X-ray 
may produce a comprehensive view of the anatomy of the 
urinary tract and also provide some additional information 
on the functioning of the renal system (Fig. 5.1). 


BASIC TECHNIQUES AND PRINCIPLE OF 
INTRAVENOUS UROGRAPHY 


As soon as the contrast is administered, it appears on an 
X-ray as a “renal blush” The renal blush is the contrast 
being filtered through the cortex. In 5 minutes, the renal 
blush is almost disappeared but still evident and the 
calices and renal pelvis are now visible. On 15 minutes, 
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Fig. 5.1: An example of an intravenous urogram radiograph 


the contrast material begins to empty into the ureter 
and travel to the bladder which has now begun to fill. A 
postmicturition X-ray is taken to visualize and study the 
lower tract, An IVU may be performed in either emergency 
or routine circumstances.’ 


Emergency Intravenous Urography 


This procedure is carried out on patients who present to 
an emergency department, suspected urinary tract injury. 
It may also be of value in patients with severe renal colic 
and a positive hematuria. Patients with a kidney stone 
and obstruction are usually required to stay in hospital for 
monitoring or further treatment. 

An emergency IVP is carried out roughly as follows: 

A plain kidney, ureter and bladder (KUB) film is taken. 
A bolus dose of 50 mL of contrast media is administered 
intravenously and the films are taken at sequence. 

Obstruction of the urinary tract may be indicated as 
non excretion or delayed excretion and in such condition 
delayed films are taken. Films are taken 30 minutes 
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postinjection, 1 hour, 2 hours, 4 hours and so forth, until 
the obstruction is seen to resolve. Sometime these delayed 
films can provide invaluable information to the urologist. 


Conventional Intravenous Urography 


Currently, IVU is becoming less popular investigation. 
But the IVU is still a procedure of choice where computed 
tomography (CT) scan is not available. The most 
common indication of IVU is unexplained microscopic or 
macroscopic hematuria. Intravenous urogram is a reliable 
investigation for the urinary stone and used to ascertain 
the presence of a tumor in the urinary tract. 

Images are taken roughly as follows: 
e Kidney, ureter and bladder image 
e Instant X-ray of just the renal area 
e Films at 5 minutes X-ray of just the renal area 


Compression may or may not be applied on the abdomen 

to obtain better delineation of the upper tract. Application 

of compression may be contraindicated in cases of 
obstruction.*® 

e If compression is applied a 10 minutes postinjection 
X-ray of the renal area is taken, followed by a KUB on 
release of the compression. 

e If compression is not given, a standard KUB is taken 
to show the ureters emptying. This may sometimes be 
done with the patient lying in a prone position. 

e A postmicturition X-ray is taken afterwards. This is 
usually a coned bladder view. 


CONTRAINDICATIONS OF 
INTRAVENOUS UROGRAPHY 


Primary contraindications for all patients are iodine allergy 
and risk factors for contrast nephropathy. Metformin 
has to be stopped 48 hours pre and postprocedure, as 
it is known to cause a reaction with the contrast agent. 
Guidelines published by the Royal College of Radiologists 
suggests this is not as important for patients having < 
100mL of contrast, who have a normal renal function. In 
renal impairment metformin should be stopped 48 hours 
before and after the procedure.®'""8 


General Contraindications to 
Water Soluble Contrast Agents 


e Iodine allergy 

e Hepatorenal syndrome 

e ‘Thyrotoxicosis 

e Pregnancy 

e Raised serum creatinine. 


Intravenous urogram remains one ofthe best diagnostic 
methods for obtaining anatomic and has importantly the 
functional detail of the urinary tract. Routinely 50-100 cc 
of contrast media is rapidly injected IV, followed by 1, 5, 10 
and 20 minute films, carefully monitored by a radiologist, 
and a postvoid film is also taken. 


INDICATIONS OF INTRAVENOUS UROGRAPHY 


Urinary Tract Disease 


e Congenital urological disease 
e Stone disease 
e Obstruction 


Renal Disease 


e Tuberculosis, medullary sponge kidney 
e Scarring, etc. 


ADVANTAGES OF INTRAVENOUS UROGRAPHY 


The advantages of IVU are mentioned in Box 5.1. 

The IVU is the gold standard for evaluating the patient 
with hematuria and it is more sensitive than ultrasound 
in diagnosing acute hydronephrosis and in detecting 
ureteral or renal calculi. Tomograms of the kidney during 
IVU are essential to obtain maximum detail of renal 
anatomy and are usually performed after the 1minute film 
of a standard IVU. 


LIMITATIONS OF INTRAVENOUS UROGRAPHY 


e Depends on kidney function 

e Donot differentiate solid or cystic lesion 

e Do not provide information about renal function 
e Requires contrast medium and radiation. 


THE FUTURE OF THE INTRAVENOUS UROGRAPHY 


The IVU is now becoming more and more obsolete. It has 
largely been taken over by CT, which gives greater detail on 
anatomy and function and provides many important data 
for the urologist.” 


Box 5.1: Advantages of intravenous urogram 
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ANTEGRADE UROGRAPHY AND 
RETROGRADE UROGRAPHY 


The procedure is performed during cystoscopy. It is an 
extremely valuable procedure when indicated because 
it gives excellent definition of upper tract anatomy. 
Technique will vary depending on whether a pyelogram 
or ureterogram is of primary interest. Generally an 
opaque whistle-tip ureteral catheter can be passed up 
the ureter or a bulb or acron-tipped catheter can be 
placed in the ureteral orifice followed by injection of 4-8 
cc of half-strength contrast media into the catheter, while 
being careful to eliminate air bubbles. Appropriate films 
are taken followed by a drainage film 10 minutes after 
removing the catheter. Antibiotic coverage should be 
employed (i.e. ampicillin and gentamicin). Complications 
include ureteral perforation, pyelonephritis, ureteral 
edema and contrast absorption in the upper tract with 
systemic reaction.” 
Indications for retrograde ureteropyelography: 
e Poor renal function 
e Poor visualization on intravenous urogram. 
e Equivocal findings of intravenous urogram. 
e Patients at high risk for contrast reactions. 
e Localization ofline and nature of postrenal obstruction 
in unilateral disease rarely for both the sides. 
e Retrograde ureteropyelography in patient of congenital 
megaureter is shown in Figure 5.2. 


Antegrade Urography 


Percutaneous studies are valuable when excretory or 
retrograde studies are contraindicated, particularly in 


Fig. 5.2: Retrograde ureteropyelography in patient 
of congenital megaureter 


infants or children, or when a nephrostomy tube is already 
in place. The contrast agent is directly injected into the 
collecting system via a percutaneous puncture with a 
22 gauge (G) Chiba needle through the patient’s flank. 
Antibiotic coverage should be employed (i.e. ampicillin 
and gentamicin). Contraindications include a bleeding 
diathesis, a nondilated collecting system or local skin 
infection. 


Retrograde Urethrogram 


Retrograde urethrogram is used to demonstrate the anterior 
urethra (penile, bulbar and membranous portions). A 
Foley catheter is placed into the urethra just until the 
base of the balloon disappears through the meatus. The 
balloon is then filled with 1-2 cc of water, just enough to 
keep the catheter within the fossa navicularis with gentle 
resistance. Films are taken in the right posterior oblique 
position while injecting 30-50 cc of half-strength standard 
contrast media. 


VOIDING CYSTOURETHROGRAM OR 
MICTURATING CYSTOURETHROGRAM 


Voiding cystourethrogram (VCUG) is used to demonstrate 
the posterior urethra (bladder neck and prostatic urethra), 
posterior urethral valve or membrane, or for demonstration 
of vesicoureteral reflux (VUR). The bladder is filled after 
urethral catheterization or suprapubic puncture with 
dilute (15%) standard contrast media by gravity drip from 
45 cm above the level of the bladder until a sensation of 
discomfort is experienced. Films are taken in the right 
or left posterior oblique position while the patient voids. 
A VCUG can also be performed when the bladder is full 
following an excretory urogram.®?01618 

Micturating cystourethrogram may demonstrate 


(Fig. 5.3): 
e Posterior urethral valve in little boys 
e VUR 


e Length of stricture when combines with antegrade 
studies. 


Box 5.2: Indications for voiding cystourethrogram 
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Fig. 5.3: Micturating cystourethrogram showing anterior urethral 
stricture and right-sided vesicoureteric reflux 


Box 5.3: Indications of cavernosography 


Micturating cystourethrogram showing anterior urethral 
stricture and right-sided VUR is shown in Figure 5.3. 


Indications for Voiding Cystourethrogram 


The indications for voiding cystourethrogram are shown in 
Box 5.2. 


CAVERNOSOGRAPHY AND CAVERNOSOMETRY 


The corpora cavernosa can be visualized by 
cavernosography. A 21 G butterfly needle is inserted into 
one of the corporal bodies and dilute contrast medium is 
injected into the cavernosa under the fluoroscopic control 
to obtain the simple cavernosogram. At the same time, the 
cavernosa pressure may also be monitored by infusing 
contrast mixed with normal saline into the corpora. This 
testis seldom used now-a-days because of the invasiveness 
of the procedure. 


Indications of Cavernosography 


Indications of cavernosography are shown in Box 5.3. 

Dynamic cavernosogram is done by addition of a small 
dose of intracavernosal prostaglandin El or papaverine 
that may show some abnormal veins responsible for 
venous leakage. 
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INTRODUCTION 


Ultrasonography was initially developed as a military tool 
and was adopted by the medical world after World War 
II. In 1961 Schlegel, et al. first reported the usefulness of 
sonography in urology, for the detection of renal calculi. 

Ultrasonography is mainly performed by radiologists. 

However, nonradiologist clinicians nowadays, commonly 

perform and interpret specific types of ultrasound (US). 

Modern urologists are familiar with the use of almost all 

types of US required for urological evaluation.' 

Humans can hear sound with frequencies of 20-20,000 
cycles per second (20-20,000 Hertz or Hz). Any frequency 
higher than that is called ultrasound. Ultrasound is 
diagnostically useful in medicine with two modalities: (1) 
continuous energy and; (2) pulsed energy. 

e Continuous sound energy uses a steady sound source 
and has applications that include fetal heartbeat 
detectors and monitors. This Doppler US can also be 
used to evaluate blood flow through different structures. 

e Pulsed sound energy utilizes a quick blip of sound (like 
a hand clap), followed by a relatively long pause, during 
which time an echo has a chance to bounce off the 
target and return to the transducer. Through electronic 
processing of the returning sounds, a two-dimensional 
image can be created that provides information about 
the tissues and objects within the tissues. 


PHYSICS OF MEDICAL ULTRASOUND 


Medical US is a high tech noninvasive imaging technique, 
which is constantly developing. It provides excellent help 
to the urologist for diagnostic and therapeutic work and 
becoming a useful diagnostic aid in urology clinics and as 
such urologist need to have basic idea of principles of US, 
operating the equipments and to be familiar with the US 
images of different organs. 

Ultrasound is a form of mechanical energy that in many 
respects behaves according to the properties of waveform 
physics. For this reason, terminology of waveform physics 


Principles of the 
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is usually applied, including such terms as wave amplitude 
and cycle frequency (Fig. 6.1). 

Ultrasound is generated by mechanical oscillation of 
peizoceramic transducer with a frequency between 20 kHz 
and 1GHz. This range of wavelength is beyond the audible 
range (audible range of frequency is 20 Hz to 20 kHz). 
Nowadays, there is a tendency of the manufacturers of US 
machine to go for higher frequency (Figs 6.2A and B). 

The US can propagate in human tissues as waves and 
recognized as pulse. Ultrasound waves for imaging are 
generated by transducers, which contain piezoelectric 
crystals that emit US waves, which can be transmitted 
through human tissues. In practice, from the transducers, 
repeated bursts of US waves transmit through the tissues, 
and between the transmissions, the transducer act as a 
receiver of reflected sounds. 

The reflected sound varies in intensity and time 
according to the nature and the location of the tissues 
from which they are reflected. The reflected US energy is 
received by the same transducer and converted into electric 
signal, which are amplified, digitalized and stored in the 
computer. This information is converted into analog image 
viewed in a monitor and can be printed on film paper or on 
videotape, etc.’ 


ULTRASOUND IMAGING METHODS 


Medical US may be used for investigations of different 
diseases of various organs in different mode. 


One cycle 


Amplitude 


Fig. 6.1: Ultrasound wave 
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Figs 6.2A and B: Standard ultrasound scanner and a miniature portable version of ultrasound machine 


Amplitude Mode Ultrasound 


In amplitude mode (A-mode), US is generated to penetrate 
the body cavity to measure the depth of the lesion. Principal 
use of A-mode is to puncture a cyst or performing a biopsy. 


Brightness Mode Ultrasound 


Brightness mode (B-mode) is the most common way 
of using US in urological practice. Two-dimensional 
B-images are constructed by line, dependent on the type of 
transducer used (sector or parallel). There is an extensive 
range of real-time US transducer for the use of B-mode. A 
suitable transducer is chosen according to the organ and 
nature of study. B-mode imaging was the first practical 
application of US for diagnostic purposed. 


Motion Mode Ultrasound 


In motion mode (M-mode) US scan, motions of the mobile 
structure can be displayed, e.g. echocardiogram. 


Doppler Ultrasound 


The Doppler principle is easiest illustrated by listening to 
a train approaching. As it gets closer, you hear the horn at 
a certain pitch (frequency). As the train passes, you hear 
the sound of the horn drop to a lower pitch; you have just 
experienced the Doppler principle. 

Consider an object that generates sound. At rest, the 
sound frequency is constant. If the object moves towards 
you, the sound that you hear will seem a little higher in 


frequency. If the object moves away from you, the sound 
will have a lower frequency. 

Fetal heartbeat detectors generate a constant sound. 
Some of the sound is reflected back towards the transducer. 
The frequency of the outgoing sound and incoming sound 
is same, unless the object is moving (either towards the 
transducer or away from it). Blood passing through the 
heart or major placental vessels will reflect back sound 
that is of a slightly different frequency (higher or lower) 
than the frequency generated by the machine. As they are 
of a slightly different frequency, they never line up evenly, 
except every now and then when the both incoming and 
outgoing sound energies line up perfectly. The “beat 
frequency” happens to be in the audible range (less than 
10,000 Hz) and can be detected and amplified. 

So, when you are listening to a fetal heartbeat, you 
are not actually hearing the sound of the heart. You are 
hearing the beat frequency generated by the interference 
between the outgoing US frequency and the incoming 
US frequency which are slightly different because of the 
movement of the heart wall and blood flowing through the 
heart and large vessels. 


Real Time Imaging 


The ability to appreciate the structures within a two- 
dimensional image is very much enhanced by visualizing 
the changes that occur within that image over time. A real 
time image is still a two-dimensional view, but one that is 
constantly updated. This then becomes three-dimensional 
imaging (height, width and time). Real time sonography is 
most useful when the visualized object is moving (like a 
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fetal heart) but is also valuable when the transducer beam 
is swept through the object, enhancing the operator’s 
appreciation for details, texture and shape. 


Advantages of Real Time Scanning 


e ‘The scanning plane that best demonstrates the area of 
interest can be rapidly located. 

e The entire examination can be done very quickly because 
there is a constant visual feedback on the display screen. 

e ‘The course of extended structures such as vessels can 
be followed, allowing them to be traced to their origin. 

e Movement observation may allow organ identification 
(i.e. mass versus bowel). 

e Infants, children and noncooperative patients can 
be examined more easily than with the conventional 
B-mode scanner because they need not suspend their 
respiration or remain immobile during the study. 
Critically ill patients and those with acute conditions 
can be studied using portable scanners. 

e The quality ofa real time examination is less dependent 
on the skill of the operator because the scan is repetitive 
and to some extent automated. 

e ‘The resolution of real time images at their best is 
superior to that of static images. 


Pulsed Ultrasound 


Ifyou clap your hands in a large empty room, you may hear 
the echo from the sound of the clap bouncing off the far 
wall and returning to you. Pulsed US imaging technology 
is similar to the clap and echo. 

If you could accurately measure the time it took from 
your handclap to the time you heard the returning echo, 
you could calculate how far the sound has traveled and by 
inference, how far the wall is from you. 

Distance = Time x Speed of sound in air 


Transducers 


The US probe is a housing structure for a US transducer 
and the associated wiring for connection to a console with 
a computer. Ultrasound probe is shaped for the desired 
application, e.g. cylindrical probe for endorectal use. 
Transducer generates high frequency sound waves (typically 
5-10 MHz) and directs them through body tissues via a probe 
held against the skin. Different probes and transducers are 
available for examination of different organs and body parts. 
Probe of US machine also contains a receiver to detect 
sound waves (called echoes) reflected from tissues. 
Transducers are the component of the US machine 
that is used to move over the different parts of the body. 


It can generate the US waves and simultaneously it can 
receive the reflected signal from the organ and send to the 
computer to construct the image. 

Acoustic-electric conversion is a complex technology 
in which, the transducer transforms the sound energy 
into electrical energy. Electrical energy is processed by the 
computer in the US console to generate an image of minute 
white dots (pixels) corresponding to the returning signals. 
The picture is displayed on a black background, the white 
pixels produce an image of assorted shades of gray. If the 
sound waves travel easily through uniform substances (e.g. 
water, oil, urine), no echoes generate. Ultrasound image seen 
on the screen is therefore black and no echoes are present. 
The sound waves encounter tissues of different densities, 
the sound waves are absorbed, reflected back to the probe 
or transmitted through the tissue at different velocities. The 
US waves returned from the tissue a final black and white or 
a gray scale image is produced on the monitor. 

Ultrasound works through sonotransmission (the 
passage or reflection of sound). Much dense tissues, 
such as bone or kidney stones, readily reflect echoes and 
therefore, appear bright white on an ultrasound. Bowel 
always contains gas, may readily reflects echoes, so the 
edge of the bowel appears white on a US image. As such 
the substances with widely differing densities (e.g. air, 
bone) may appear bright white on a US image. Range of 
gray shades generated lends this imaging technique the 
alternative label “gray-scale imaging,” which distinguishes 
it from color Doppler ultrasonography. 

Ultrasound waves are emitted and received by 
transducers in a single narrow band. To produce a 
recognizable image, the transducer must be swept across 
the area of interest, producing multiple bands that are 
combined to form an image. System for moving the 
transducer is called the scanner. 


Coupling Medium 


Acoustic properties of soft tissue are very similar to those 
of water but air is distinctly different; the presence of air 
between the probe and the tissue of interest can distort 
or obscure the image. Due to this reason, a water-density 
substance, termed as coupling medium, is used for 
transmission of the US image. Coupling medium is usually 
a sonographic jelly or lubricant and should be placed 
between the probe and the skin surface. 


Ultrasound Contrast Media 


Ultrasound contrast agents behave as an active source of 
sound, modifying the characteristic signature of the echo 
from blood. When properly insonated with a high-power US 
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beam, microbubbles collapse, producing a high intensity, 
broadband transient signal. When the power of the US 
beam is lower, microbubbles undergo complex oscillation 
in the US field and work by resonating, rapidly contracting 
and expanding in response to the pressure changes of the 
sound wave, producing multiple harmonic signals. 

A technique that allows evaluation of vesicoureteral 
reflux (VUR) has also been developed. After 
catheterization, the bladder is filled in with saline until the 
patient has the urge to micturate and then the US contrast 
medium is added. Reflux is diagnosed when microbubbles 
are detected in the ureter or the renal pelvis. The results 
show good correlation with conventional micturating 
cystourethrogram and with radionuclide studies. 


Different Types of Transducers 


e Normal transducers (3.5, 5.00 MHz) used for abdominal 
US scan. 

e Small parts transducer suitable for superficial structure 
(7.5, 10 MHz). 

e Rectal transducers in longitudinal (liner) and 
transverse (radial) configurations used for transrectal 
US scan (TRUS) of prostate and taking biopsy from 
suspected area of prostate. 

e Transvaginal transducer is used by the gynecologists 
for assessment of the genital organ or retrieval of ovum 
for intracytoplasmic sperm injection program. 

e Biopsy puncture transducer is required for puncture 
of kidney to carry out a percutaneous nephrostomy 
(PCN) under US cover. This transducer is also used to 
perform liver or renal biopsy under US care. 

e Doppler probe for blood flow studies and vessel wall 
studies. 

e Intraoperative probes for imaging organs during open 
operation or endoscopic surgical procedure. 

e Transluminal transducers (endoultrasound system) for 
accessing vessels, ureters and the common bile duct. 


Three-dimensional Ultrasound Imaging 


The development of high-speed computing and the 
increase in storage capacity of hardware have opened up 
the possibility of applying 3D technologies to diagnostic 
US. Special transducers have been developed integrating 
the position sensing system within the transducer housing. 
These “volume transducers’ are larger than standard probes 
and can be more difficult to use; however, they can provide 
exact knowledge of each scan plane, eliminating distortions 
in the resultant images. After each slice, the transducer 
plane is automatically moved to the next location, which is 
then exactly known by the machine. These transducers are 


usually integrated with the US equipment and 3D images 
can be immediately displayed after acquisition. 

There are many clinical applications of 3D US imaging, 
particularly in assessing intrauterine fetal anatomy and 
gynecological imaging. In the urinary tract, volume 
estimation of the urinary bladder with 3D US has been 
shown to be accurate, reliable and clinically useful. 
Volume measurements have also proven accurate in 
assessing prostatic cancer and benign hyperplasia, with 
better identification of extra glandular spread. However, 
better identification did not result in increased accuracy in 
cancer staging. Ultrasound 3D imaging can also be used for 
accurate measurements ofrenal volume and for monitoring 
progress in patients with renal diseases. In addition, it can 
offer useful anatomical information about the renal pelvis 
and its relation to the branches of the renal artery. 


Small Portable Ultrasound Equipment 

Electronic miniaturization and the availability of powerful 
and fastlaptop computers have resulted in the development 
of high-performance, truly portable, high quality US 
scanners. Such machines have been introduced into the 
market with basic imaging capabilities (Fig. 6.3); however, 
they have been rapidly expanded to color and spectral 
Doppler techniques and have proven useful as a fast and 
accurate means to provide portable US examinations in 
the intensive care units and at the bedside. 

Furthermore, they can be easily integrated into 
radiology suites to provide alternative guidance to 
interventional procedures. This trend towards lower cost 
and a truly portable US system has a great potential to 
change the overall role of US imaging in medicine radically 
and may lead to the use of US in the future by clinicians as 
a part of the physical examination of the patient. 


Fig. 6.3: Pocket ultrasound machine 
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INTRAOPERATIVE USE OF ULTRASOUND 


Increasingly, urologists are using US during surgery 
(Fig. 6.4). Use of US has become mandatory for the 
percutaneous procedure like PCN, percutaneous nephroli- 
thotomy, varicocele and transplant surgery. 


RENAL ULTRASOUND 
Prelude 


Ultrasound scan of renal tract is almost an indispensable 
investigation for detecting hydronephrosis (HDN). It is 
possible to measure the thickness of cortical tissue, which 
may represent the functioning tissue of the individual renal 
unit. More meat in cortex means more renal functioning 
nephron mass. If there is considerable tissue in a renal 
unit, unobstructing the tract will improve the kidney 
function. This simple observation with this inexpensive 
and noninvasive investigation is important, because in 
the presence of obstruction, it is difficult to measure the 
individual kidney function even with isotope studies. 

Since the US scan is noninvasive, cheap and easily 
available with a good sensitivity and specificity; nowadays 
US is preferred over an intravenous urethrogram (IVU). 
A plain film of abdomen, with well-executed US scan of 
urinary tract, will provide more information than IVU. 

The cortical tissue of the individual kidney is seen as gray 
with some darker circles spaced uniformly around the edge. 
Darker circles correspond to the renal pyramids. Compared 
to the liver parenchyma, the kidney is isoechoic (the same 
shade of gray) or slightly hypoechoic (a darker shade of gray). 
Liver is superior to the kidney and superficial (towards the 
top of the image). Liver is rather homogeneous (with a fairly 


regular gray pattern). Kidney is not homogeneous. All these 
characters of the two organs can be compared to determine 
if renal medical disease is present. 

Central area of the kidney or hilum of the kidney 
contains multiple structures such as the renal pelvis, 
blood vessels, nerves, fat and lymphatics. Fatty tissue of 
the renal sinus is particularly echogenic (bright white) 
and transmits sound differently and as the sound waves 
hit these interfaces between two such structures, an echo 
is generated. As a result of this fact, the renal hilum has 
increased echogenicity. 

A prominent column of Bertin is partial hypertrophy 
of the renal cortex protruding into the renal sinus and this 
is another normal variant. The upper pole of the kidney, 
particularly on the left, can sometimes be hidden behind 
rib shadows. This fact makes it very important for the 
sonographer to use breathing techniques and multiple 
windows to visualize the entire kidney. Ultrasound image 
of a normal kidney has been shown in Figure 6.5. 

Another useful adjunct to renal sonography is Doppler 
US examination. The color Doppler imaging can reveal 
whether blood flow to an area of tissue is increased, 
decreased or normal, narrowing the differential diagnosis. 

A typical renal waveform tracing shows a rapid rise to 
a peak during systole and a slow fall to a plateau during 
diastole. Resistive index is a ratio and is essentially a 
measure of the end-diastolic flow in the arterial system 
[resistive index = (peak systolic - end diastolic)/peak 
systolic]. Normal resistive index is about 70%. Higher 
is the resistive index the higher will be the downstream 
resistance. Resistive index higher than 90% is definitely 
abnormal and suggests the possibility of renal artery 
stenosis. High resistive index can also indicate ureteral 
obstruction and may serve as an indirect sign for a ureteral 


Fig. 6.4: Ultrasound machine in operation theater 


Fig. 6.5: Ultrasound image of a normal kidney 
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stone. The power Doppler is significantly more sensitive 
to flow than standard color Doppler and can demonstrate 
blood flow on the arteriolar level. 


Evaluation of Renal Obstruction 


Ultrasound scan is the initial imaging modality of choice in 
any patient with an abdominal pain, lump with or without 
elevation of the creatinine level or recent onset of renal 
dysfunction. Hydroureteronephrosis although is a hallmark 
for the postrenal obstruction but nonobstructive dilation 
may be seen in VUR, prior obstruction, previous stenting 
can increase the likelihood of finding an obstructed kidney. 

Classical findings of obstruction in renal US is renal 
pelvis and calyceal dilation characterized by effacement 
of the renal sinus fat by an anechoic branched structure 
with posterior enhancement and through transmission. 
Dilation involving the calyces and renal pelvis is termed 
as “HDN” or “pelvocaliectasis” The dilation of the ureter 
is referred to as “hydroureter” Ureteral and renal pelvic 
dilation can be called hydroureteronephrosis (Fig. 
6.6). Magnitude of collecting system dilation is graded 
subjectively based on US findings; however, these terms 
are most useful in the serial follow-up care of a given 
patient. Sometimes mild dilation can be associated with 
complete obstruction and marked dilation can be present 
without any accompanying obstruction. 

Size of the kidney and ureteral findings on US may aid 
in diagnosing the etiology of HDN. Upper tract dilation 
or HDN may be caused by obstruction (e.g. ureteropelvic 
junction obstruction, stones) or by other causes (VUR). 

Size of the kidney is of importance because significant 
chronic obstruction can result in postobstructive renal 
atrophy. Existence of a dilated ureter may help to identify 
the location of any obstruction. 


Fig. 6.6: Ultrasound image of bilateral hydroureteronephrosis 


For identification of distal ureteral calculi transrectal or 
transvaginal scanning may be helpful. Presence of ureteral 
jets helps in the bladder to rule out obstruction. Other 
investigations may be required to determine whether the 
dilation is functionally significant; a diuretic nuclear renal 
scan is the most common functional study used to make 
this distinction. 

Ultrasound findings that can be confused with HDN 
due to obstruction include an extrarenal pelvis, prominent 
renal vasculature, residual dilation from previous 
obstruction, dilation as a result of ureterovesical reflux, 
congenital megacalyces, papillary necrosis, pyelonephritis, 
distended urinary bladder, diabetes insipidus and other 
less common causes. In pregnant women, patients who 
have undergone surgical repair of anatomic obstruction, 
and patients with urinary diversion or urinary stents, 
normally display some degree of dilation of the collecting 
system, making the diagnosis of HDN due to obstruction 
particularly difficult in these patients. 


Role of Ultrasound in Urinary Tract Injury 


Ultrasound in evaluation of the patient suspected with 
renal injury may be important as it is easily available and 
the urologist can do this study by himself. 


Renal Vascular Disease 


The kidneys are highly vascular organs. In their normal 
state, they show a low resistance to blood flow. Doppler 
US has been shown to be useful in hypertension, renal 
transplantation andurinarytract obstruction. Primaryrenal 
abnormalities are an identifiable cause of hypertension in 
approximately 4% of patients. Renal artery stenosis occurs 
in approximately 1-4% of patients with hypertension and 
is usually due to atheroma or fibromuscular hyperplasia. 
Doppler US can help in identifying renal artery stenosis 
with examination of the main renal artery or at the 
intrarenal arterial flow. A spectral Doppler trace from the 
main renal artery can reveal the typical high-peak velocities 
of an arterial stenosis. Peak systolic velocities faster than 
200 cm/second strongly suggest renal artery stenosis. The 
upstream narrowing caused by renal artery stenosis results 
in a damped downstream intrarenal waveform, known as 
parvus et tardus (small and late). 


Renal Mass 


The most effective use of US in urology is to distinguish the 
renal mass whether it is cystic or solid (usually malignant). 
Intravenous urethrogram is a very poor investigation for 
this purpose. Computed tomography (CT)/magnetic 


73 


Section 3 Investigations of Urological Disease 


resonance imaging (MRI) may be too expensive as a 
screening test for assessment of the renal mass. 


Solid masses: Kidney tumors appear as heterogeneous 
echogenic masses and may be accompanied by slightly 
dilated adjacent renal calyces, due to compression of 
infundibuli. Consider any solid renal mass malignant until 
it has been proven otherwise. Eighty-five percent of solid 
renal masses are renal cell carcinoma (RCC) (Fig. 6.7) while 
another 10% are due to other malignancies such as renal 
sarcoma, lymphoma, transitional cell carcinoma (TCC) 
or metastasis. The remaining 5% are benign and include 
oncocytoma, angiomyolipoma and fibroma (Table 6.1). 
Of these, only angiomyolipoma is distinguishable from the 
others sonographically, due to the presence of the highly 
echogenic fat within these tumors. Intraoperative renal 
US is now becoming common place for locating tumors 
during partial nephrectomy. 

The nature of some renal masses may be confusing 
even on CT and MRI which may be clarified by US and 
Doppler studies. Clinically renal tumor may remain silent 


Fig. 6.7: Solid mass lesion in kidney compatible 
with renal cell carcinoma 


Table 6.1: Differential diagnosis of renal mass 
Solid Cystic 
Usually malignant Usually benign 
Renal cell carcinoma Hydronephrosis 
Wilms’ tumor Cyst 
Transitional cell carcinoma Abscess 


Hematoma 


Angiolipoma 


Oncocytoma Urinoma 


and discovered incidentally, when the study is being 
performed for other reasons. Renal cysts are usually 
symptomatic, mostly incidentally discovered and they are 
identified rarely (when they produce complications). 

Sonogram should be the first investigation before IVU, 
MRI or CT scan. MRI is a superior option to study vascular 
invasion. The duplex and Doppler US is also helpful for 
examining the inferior vena cava and the renal vein to 
detect tumor involvement. 


Renal cysts: Renal cysts are rare in children, gradually 
becoming more frequent with age and they may present as 
single or multiple cysts (Box 6.1). 

Unusual cysts may have irregular walls and may contain 
low-level echoes in a dependent position owing debris 
(Fig. 6.8). Debris may be confused with spurious 
echoes related to the slice thickness artifact. Irregular 
borders, septations or debris should raise the question of 
malignancy or necrosis and require further investigation, 
usually by MRI or CT. 


Classification of renal cysts: Most renal cysts are benign. 
Sonography alone cannot distinguish between benign and 
malignant cysts, but the use of the Bosniak classification 
can help to categorize the probability for malignancy. 
Bosniak classification of renal cysts is as follows: 

e Type I: Simple cysts that are anechoic with good C, 
posterior wall acoustic enhancement, no internal 
echoes, sharply marginated and a smooth wall. 

e Type II: Mildly complicated cysts that have thin septa, 
have small areas of calcification and are hyperdense. 

e Type IIF: Mildly complicated cysts that have thicker 
septa and small areas of calcification or are hyperdense 
with heterogenous areas. They are designated type IIF 
to denote the need for serial follow-up involving repeat 
imaging to ensure no changes suggest malignant 
degeneration. 

e Type III: Indeterminate cysts with large, irregular 
calcification; thickened, prominent septa and thick 
walls. 

e Type IV: Malignant cysts that have a large solid 
component with cystic areas having irregular margins, 
increased vascularity, very thick, irregular septations 
and large/multiple dystrophic calcifications. 


Box 6.1: Sonographic characteristics of renal lymphoma 
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Abdomen 


Fig. 6.8: Simple solitary renal cyst on ultrasound with good 
through transmission posterior wall acoustic enhancement; no 
internal echoes, sharply marginated and a smooth wall 


Adult Polycystic Disease 


This is an autosomal dominant disease and usually presents 
in 4th or 5th decade of age. They often remain asymptomatic 
and usually discovered on routine test. Renal cysts in 
patients with polycystic disease usually have an irregular 
outline and are of markedly varied size. The background 
parenchymal echogenicity is often increased in polycystic 
disease due to small cysts that are not large enough to be 
seen as fluid-filled structures but are large enough to cause 
echoes. This is always a bilateral process, although one side 
may be more severely affected than the other. 


Multiple Simple Cysts 


Multiple simple cysts can occur but are fewer in number, 
more equal in size and smoother in outline than the cysts 
seen in polycystic disease. 


Multicystic Disease 


Multicystic disease is a congenital process that involves 
only one kidney. The entire kidney, which is small, is filled 
with multiple adjacent cysts. In adults, these cysts may 
develop a calcified shell. 


Calyceal Enlargement 


Calyceal diverticula and locally obstructed calyces look 
like cysts but connect with the pelvicalyceal system (PCS). 
They are generally surrounded by an echogenic border 
owing to sinus fat. 


Duplex Collecting System 


An upper pole, congenitally duplicated hydronephrotic 
collecting system may look like a cyst but usually has 
septa, separated the duplicated calyces. Duplications are 
associated with complete or partial duplication of the 
ureter. There is often dilatation of ureter of upper moiety 
and may frequently accompany ureterocele which can be 
confidently diagnosed by US. 


Abscess and Pyelonephritis 


Although abscesses are fluid filled and they may contain a 
number of internal echoes indicating pus or debris in the 
cavity. 


Hematoma 


Hematomas have a varied sonographic appearance. They 
may be echo-free or evenly echogenic or they may contain 
clumps of echoes. Hematomas usually develop around, 
rather than within, as a consequence of trauma. Hematoma 
inside the PCS may occur in TCC of pelvis, RCC invading the 
PCS, surgical procedure or abnormal bleeding conditions. 


Urinoma 


Urinomas may be seen, usually following a surgical 
procedure. These fluid collections are echo free. They most 
often surround the kidney (i.e. they are perirenal). 


Solid Renal Mass 


e Adenocarcinoma (hypernephromas)/renal cell 
carcinoma: Adenocarcinomas or hypernephromas 
contain internal echoes, do not show good through 
transmission and usually have an irregular border 
that expands the outline of the kidney. Most 
hypernephromas have the same echogenicity as the 
adjacent renal parenchyma or a little less but have one 
or two dense internal echoes in addition. Some are 
more echogenic than the remaining kidney.” 

e Wilms’ tumor (nephroblastoma): Wilms’ tumor is 
a malignant lesion affecting children. The tumor is 
usually unilateral, occupying a part of the kidney. Ten 
percent are bilateral. They appear as a large evenly 
echogenic mass with or without degenerated areas.” 

e Transitional cell carcinoma: These may occur in the 
renal pelvis. A small, evenly echogenic mass slightly 
less echogenic than the sinus echoes is seen within the 
renal sinus. Hematuria often presents clinically when 
no mass is visible on US scan. 
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Box 6.2: Renal lymphoma may have any of the three different 
appearances in the kidney 


e Tumors in cysts (cystadenocarcinoma): Tumors 
may infrequently occur within cysts. There is focal 
irregularity of the cyst wall at one site. However, the 
irregularity may be due to a septum. A cyst within 
irregular wall and internal echoes is usually subjected 
to cyst puncture under US cover and cytology or CT 
scan to rule out neoplasm. 

e Lymphoma: Renal lymphoma may have any of the 
three different appearances in the kidney as shown in 
the Box 6.2. 


Angiomyolipoma 


A highly echogenic tumor with a smooth round outline is 
suggestive ofangiomyolipoma but may beahypernephromas. 
Computed tomography scan will show fat within an angio- 
myolipoma. Angiomyolipomas are benign and composed 
of blood vessels, muscle and fat. They tend to bleed, causing 
areas of decreased echogenicity in or around the mass. 


Filling Defects in Renal Pelvis (Calculi) 


A small filling defect in the renal pelvis on intravenous 
pyelogram has a number of possible causes including 
transitional cell cancer. Some are due to uric acid stones. 
Stones can be recognized on sonography by an acoustic 
shadow arising from the renal pelvis echoes. 


Medical Renal Disease 


Renal disease caused by glomerulonephritis or systemic 
illnesses, such as diabetes, hypertension, arteriosclerosis or 
autoimmune diseases, results in kidneys that are hyperechoic 
(brighter gray) as compared to the adjacentliver parenchyma. 
Also, the kidneys are often smaller than normal. 


Ultrasound Scan for Transplant Patient 


Sonographic imaging of transplanted kidney is easier than 
imaging native kidneys. Commonly the transplant patients 
are referred for US because of deteriorating renal function 
as demonstrated by a rise in serum creatinine levels and/ 
or decreased urine output. Sometimes in the immediate 
postoperative period, renal vein thrombosis is a major 
complication, resulting in graft failure. The vascular 


resistance of the kidney is extremely high and spectral 
Doppler tracing shows a rapid transient peak systolic spike 
followed by reversed diastolic flow. Primary role of US in 
kidneys that have survived the immediate postoperative 
dangers is to differentiate between ureteral obstruction 
and systemic causes of reduced function such as rejection 
or acute tubular necrosis.” 

Graft rejection of the transplanted kidney becomes more 
echogenic on US scan. Edema of the renal tissue may be 
present, hypoechogenicity of the medullary pyramids is seen, 
the corticomedullary junction is indistinct and the globular 
size of the kidney is increased. Increase in size is not specific 
for rejection; it may be seen in persons with pyelonephritis 
and transplant vein thrombosis. Advanced US scan with color 
Doppler is used to identify the interlobar and arcuate vessels 
of the transplanted kidney and to measure the resistive index 
in intrarenal arteries, possible renal vein thrombosis, renal 
artery stenosis and renal cortical perfusion.”* 


BLADDER ULTRASOUND 


On US scan, the bladder is seen to be a fluid-filled structure, 
anterior and superior to prostate. In female, uterus and 
adnexa are seen behind the bladder. In fact, the bladder 
is used as a window to examine the female genital tract 
and pelvic organs. The full bladder provides a sonographic 
window for evaluation of the uterus and adnexa, and serves 
to displace bowel gas. On longitudinal view, the full bladder 
has a teardrop-shaped anechoic appearance, while on the 
transverse view, it appears rectangular. The thickness of 
the bladder wall varies with the degree of bladder filling. 
Masses within the bladder can be diagnosed with relative 
certainty only if the bladder is full. Infoldings of the wall of 
an incompletely filled bladder can give the impression of 
an intraluminal mass.” 


Indication of Bladder Ultrasound 


Localization of bladder is easy when it is filled, require 
for placement of needle for aspiration of urine for 
bacteriological study or placement of a suprapubic catheter 
(SPC) or to deflate a retained balloon of Foley’s catheter. 


Use of Ultrasound of Urinary Bladder 
Diagnostic Use 


e Stone, foreign body 

e Benign prostatic hyperplasia (BPH), bladder wall 
thickness 

e Maximum cystometric capacity (MCC) 

e Postvoid residue (PVR). 
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Therapeutic Use 


e Aspiration, Foley’s balloon puncture 
e Insertion of SPC tubes. 

Bladder volume may be estimated accurately by 
using the various formulae computed by the computer. 
Measurement of MCC and PVR is of paramount 
importance while assessing a patient of bladder outflow 
obstruction (e.g. BPH, stricture urethra, etc.). 

Ultrasonography can be used for screening test for 
bladder cancers. The specificity and sensitivity of this test 
is better than other imaging techniques, e.g. IVU, CT and 
MRI but has not replaced the cystoscopic evaluation. 

Other lesion in the bladder can also be identified; stone 
in bladder is detected as echogenic foci and demonstrate 
acoustic shadow. Ureterocele can be seen easily as fluid 
filled structure in the line of ureter. Blood clot can be 
picked up, but can be mistaken as tumor. 

Thickening of the bladder wall can be seen with 
bladder outflow obstruction and spastic or hyperreflexic 
type of neuropathic bladder. The volume of bladder and 
bladder mass can be calculated and may be used to 
follow-up the patients. 


Bladder Diverticulum 


The diverticulum of the bladder appears as an anechoic, 
thin-walled extension from the bladder lumen. Ultrasound 
image of the urinary bladder diverticulum can range 
in shape from teardrop to semicircular, depending on 
the width of the neck of the diverticulum. In most cases, 
the continuity between the bladder and diverticulum 
can be demonstrated sonographically. Sometimes the 
diverticulum has a narrow neck, infection and stone 
formation can occur, appearing respectively, as echogenic 
debris or a hyperechoic mass with posterior shadowing. 
In rare instances tumors (TCC) can also occur within the 
diverticulum because they are lined by uroepithelium. A 
small tumor in a diverticulum can occasionally be seen 
as an irregular mass of medium echogenicity within the 
diverticular lumen. Larger tumors can be difficult to detect 
sonographically because a diverticulum filled with tumor 
may be indistinct from the adjacent hypertrophied bladder 
wall. Ureterocele may be detected with US and may detect 
a stone, debris or a tumor within the ureterocele. 

Urinary diverticula are mostly acquired secondary 
to bladder outlet obstruction from neuropathic voiding 
dysfunction, prostate enlargement, or strictures of the 
urethra. This type of diverticula start as small outpouchings 
of mucosa that evaginate between hypertrophied detrusor 
muscle bundles and do not extend past the bladder wall. 
These small outpouchings are termed as cellules. Persistent 


obstruction, progressive herniation of the bladder mucosa 
occurs through the detrusor muscle to form a diverticulum. 
Congenital type of diverticulum, a Hutch diverticulum, 
develops from herniation of the bladder mucosa through a 
congenital weakness in the detrusor muscle of the bladder 
slightly superior and lateral to the ureteral orifice. In some 
occasion, these can cause obstruction or VUR. 


Congenital Ureterocele 


Congenital ureterocele is a prolapse into the bladder of the 
intravesical portion of the distal ureter with an associated 
dilation of the distal ureter. On US scan ureteroceles appear 
as thin-walled curvilinear structures with an anechoic 
lumen. When the bladder is filled and the ureterocele is 
extended, the ureterocele is sonographically reminiscent 
of a thin septation within the bladder. 

Ureterocele with normal insertion is called orthotopic 
ureteroceles. The orthotopic ureterocele are seen sono- 
graphically on the posteroinferior bladder wall. Often they 
can be visualized better by TRUS in males or transvaginal 
US in females than by transabdominal US. Usually the 
orthotopic ureteroceles usually occur in single systems 
and are usually small, unilateral and asymptomatic. 

Usually ectopic ureteroceles usually occur in duplicated 
collecting systems and can cause partial or complete 
obstruction. These ectopic ureterocele are usually located 
posteriorly but closer to the midline and further inferiorly 
than orthotopic ureteroceles and may not be visible by 
transabdominal US because the pubic bone can interfere 
with the imaging angle. Infection, stone formation or both 
can occur. 


Bladder Masses 


The classic appearance of TCC within the bladder is of an 
irregular soft tissue structure of low to intermediate echo 
texture projecting into the bladder lumen from a fixed 
mural site. Lesions are often branched or frond like. The 
attachment to the bladder wall may be either sessile or stalk 
like. This appearance is indistinguishable sonographically 
from other neoplasms such as squamous cell carcinoma 
or direct extension into the bladder from prostate, colon or 
gynecologic malignancies. Calcification is detected in TCC 
in fewer than 2% of cases. 

Bullous edema from inflammation due to cystitis 
or irritation from a catheter or bladder stone can also 
appear as an irregular mass but is less echogenic than 
TCC. Bullous edema may have small anechoic areas, 
representing edema fluid, within the mass. Carcinoma in 
situ and squamous metaplasia is generally undetectable 
by US but may be seen as focal bladder wall thickening. 
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Bladder Volume Measurement 


Bladder volume can be calculated by various geometric 
formulas with commercially available portable bladder 
scanners. Bladder volume measurements are generally 
more accurate if the patient is relaxed and supine. A different 
formula is used for men and women to allow for the different 
shape of the bladder between sexes. In a woman who has 
had a hysterectomy, use the male scanner setting. 


ULTRASOUND IMAGING OF PROSTATE PRELUDE 


The prostate has three anatomic areas or zones. The 
peripheral zone (PZ) is the posterior and distal portion (the 
apex) of the gland. This zone is palpable upon digital rectal 
examination, comprises the bulk of the volume of the normal 
prostate gland and is the site of origin of the vast majority 
of prostate cancers. The central zone (CZ) is a small cone- 
shaped zone at the cephalad aspect of the prostate (the base) 
surrounding the ejaculatory ducts; cancers arising from this 
zone are quite rare. The transitional zone (TZ) is composed 
of two lobes of tissue anteriorly, on either side of the urethra; 
this zone is the site of origin of BPH and approximately 
10-20% of prostate cancers; the size of this zone is extremely 
variable, depending on the degree of BPH. 

The common diseases that involve the prostate are 
benign prostatic hypertrophy, prostatic cancer and 
prostatic abscess and cystic lesion in prostatic area can be 
satisfactorily diagnosed with transabdominal endorectal 
or transperineal US. 

Distinction between the CZ and PZ is not ordinarily 
visualized by TRUS, despite the distinctive histologic 
differences of these zones. Typically, CZ and PZ should be 
a homogeneous light to medium gray area occupying the 
posterior third of the prostate. Normally, BPH nodules in the 
TZ can be isoechoic or hyperechoic but rarely hypoechoic. 

Normally TZ may represent as little as 5% of a normal 
young man’s prostate and more than 90% of a prostate with 
BPH. With increased size of the TZ, PZ and CZ become 
progressively compressed posteriorly. Usually the TZ 
does not extend the verumontanum in the middle portion 
of the prostate. But still the TZ also expands distally as it 
enlarges, progressively overhanging the apical PZ. Benign 
prostatic hyperplasia often contains single or numerous 
cystic structures of various sizes. Prostatic cyst appears as 
anechoic (black) smooth-walled, spherical structures with 
increased through enhancement. 


DETERMINATION OF PROSTATE VOLUME 
WITH ULTRASOUND 


Estimation of prostate volume can be useful in treatment 
planning of both the surgery and the radiation therapy. 


Prostate volume measurements can also be valuable in 
monitoring the response to hormonal treatment or radiation 
therapy. Prostatic volume measurements yield a calculated 
volume in cubic centimeters. Since the specific gravity of 
prostate tissue is 1.050, the volume in cubic centimeters is 
comparable to the weight of the gland in grams. 

Usually the prostate volume is calculated with the 
assumption that the prostate shape is elliptical (e.g. a 
football); the calculation can be performed by either of 
two methods. ‘The prostate image at the widest transverse 
dimension in the axial plane is outlined with the cursor 
on the US console, allowing the computer to calculate 
the surface area of that section of the prostate. Transverse 
prostate dimension (from the left to the right side of 
the gland) at the estimated point of widest transverse 
dimension is then measured. Prostate volume can be 
measured by using prolate ellipse volume calculation 
(height x length x width x 7/6), prostate volume measured 
by TRUS closely correlates with real prostate volume.***" 

Most accurate means of prostate volume measurement 
is planimetry, which allows for variations in shape. The 
US probe is mounted on a stepping device, allowing the 
probe to be marched through the gland in the axial plane 
at defined intervals. Each interval, the prostate image is 
outlined with the cursor on the US console, allowing the 
computer to calculate the surface area of that section. The 
prostate volume is calculated by taking the sum of the 
prostate image surface areas measured at each step and 
multiplying this value by the stepping interval. 


BENIGN PROSTATIC HYPERTROPHY 


Benign prostatic hypertrophy is common in elderly men 

who may complain of obstructive or irritative symptoms. 

Bladder decompensation occurs like a failing heart and 

may even lead to renal failure if the bladder outflow 

obstruction remains present for long time. Ultrasound 

is used to provide the following data in evaluating BPH 

patients by urologist in order to plan a treatment. 

e ‘The size, shape, echogenicity, prostate volume, capsular 
integrity of the prostate, etc. 

e Maximum cystometric capacity 

e ‘The amount of postvoid residual urine 

e Itcan be determined whether any HDN has developed 

e Bladder wall thickness 

e Total bladder mass 

e Any filling defect. 


PROSTATE CANCER 


Prostate cancer is the third most common cancer in men 
and second most common cancer, causing death in USA. 
It may occur from the age of 40 years on but it is most 
frequent in the elderly. 


Chapter 6 Principles of the Ultrasound and its Applications in Urology 


Ultrasound is most frequently used for the following 
purposes: 

e To confirm clinical suspicion of an intraprostatic mass 
e To aid in the biopsy of suspect masses 

e To attempt to stage periprostatic spread 

e To guide radiotherapy treatment. 

Originally hailed as a possible diagnostic modality 
for prostate cancer, TRUS is now known to have limited 
applicability for initial diagnosis. Malignant lesions in the 
prostate can be hypoechoic, isoechoic or hyperechoic. 


Hypoechoic Tumors 


Hypoechoic appearance of adenocarcinoma involving 
the PZ. Approximately 70% of palpable nodules are 
hypoechoic. Fifty-four percent of nonpalpable prostate 
cancers were hypoechoic. 


Isoechoic Tumors 


At least 80% of TZ malignancies are isoechoic, as are 30-50% 
of PZ tumors. Ellis and Brawer showed that the Gleason scores 
and pathological staging of hypoechoic and isoechoic cancers 
were similar. The elusive nature of these malignancies has 
stimulated the development of various biopsy schemes. Other 
physical properties, such as blood flow and bioimpedance, 
may lead to improvements in the detection of these tumors. 


Hyperechoic Tumors 


Hyperechoic tumors can be presentin either the PZ or the TZ 
and have been correlated with the ductal variant of prostatic 
adenocarcinoma. Hyperechogenicity from calcifications 
can also be associated with prostatic malignancies. 


PROSTATIC INFECTION 


In patients with diabetes, unexplained fever and perineal 
pain, the cause may occasionally be an intraprostatic 
abscess. Prostatitis, inflammation of the prostate, cannot 
usually be diagnosed by US, but US may be diagnostic for 
prostatic abscess. 


TECHNIQUES OF ULTRASOUND 
STUDY OF PROSTATE 


Transabdominal Approach 


The transabdominal technique is used for the estimation of 
size and intravesical projection. The transducer is angled 
inferiorly under the pubic symphysis. Transverse sections 
are performed at an angulation of about 15° toward the 
feet with the bladder full and longitudinal scan should be 


performed to get an idea of the size and echogenicity of the 
prostate. The size and shape of the prostate may be short 
and fat like pumpkin or it may be long and thin like a pear. 
In order to calculate the prostatic volume anteroposterior 
diameter should be measured which is not possible by 
abdominal US, but may be done by TRUS. 


PERINEAL APPROACH 


Imaging the prostate from an abdominal approach may 
be difficult if the bladder cannot be adequately filled. A 
perineal approach can be used, scanning between the legs 
posterior to the scrotum. Both transverse and longitudinal 
images can be obtained but the prostate volume cannot be 
calculated. 


Transrectal Ultrasound Scan of Prostate 


The transrectal approach is necessary if prostate cancer is 
suspected and US guided biopsy is needed. This probe can 
give better description of size and shape, echo and volume 
of the prostate glands. 


Indication of Transrectal Ultrasound of Prostate 


e Accurate imaging of prostate volume, shape, 
echotexture 

e Accurate localization of carcinoma of prostate and 
taking biopsy 

e Accurate placement of radioactive needles, probe for 
cryotherapy. 


Ultrasound transducers best suited for transrectal 
visualization are 5 MHz and 7 MHz transducers to achieve 
a good acoustic coupling; the probe may be covered with a 
water-filled condom. The probe is sterilized by immersion 
into glutaraldehyde solution. Transrectal prostate 
scanning can be performed in multiple planes. 


Transverse Scan with Transrectal Ultrasound 


Transverse images are taken first, since they will show 
lateral lesions, started from above the base of the prostate at 
the level of the seminal vesicles. Show the symmetry of the 
seminal vesicles and take multiple images at approximately 
5 mm intervals down to the level of the apex of the prostate. 
Transverse measurement was taken midway through 
the prostate at its widest point. Indicate the approximate 
distance below the seminal vesicles on the image. 


Longitudinal Scans with Transrectal Ultrasound 


A midline image is obtained. Measurement is done 
between the apex of prostate and proximal urethra. 
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Anteroposterior Diameter with Transrectal Ultrasound 


Anteroposterior measurement perpendicular to this at the 
widest point is calculated. Now the volume of the prostate 
can be computed by the built in computer of US machine. 


BIOPSY OF PROSTATE 


Two techniques of prostate biopsy are used: (1) the 
transrectal and; (2) the transperineal. The transrectal is 
more popular and less painful but carries a risk of infection. 


Technique of Transrectal Prostatic Biopsy 


e Informed consent is obtained. 

e Oral laxative day before the procedure. 

e Oral antibiotics prophylaxis to be started before the 
procedure and to be continued 3-5 days. 

e ‘The patient is prepared by premedicating him with 
a tranquilizer such as diazepam/dormicum, a 
painkiller such as pethidine, and an antibiotic such 
as ciprofloxacin I/V given at least 1 hour prior to the 
performance of the study. 

e With the patient lying on his side, the area around the anus 
is cleansed with an antiseptic such as povidone iodine. 

e The needle guide is placed alongside the linear 
transrectal transducer. The guide and the transducer 
are covered with a sterile condom. 

e Periprostatic or intraprostatic local anesthetic block 
was performed by injecting 10 mL of lignocaine 
through a 20-guaze needle under the US guide. 

e ‘The transducer is inserted, and the target site identified. 
Puncture marks are put on the screen. 

e ‘The biopsy device, usually a biopsy gun, is inserted until it 
can be seen at the rectal edge of the mass. The gun is then 
fired. Six to ten core of tissue obtained from each lobe. 


Transperineal Approach for Prostatic Biopsy 


e ‘The procedure is usually performed under regional or 
spinal anesthesia. 

e ‘The patient is placed in the lithotomy position. 

e A linear array transducer is placed within the rectum 
until the entire prostate and the lesion can be seen. 

e Premedication with pethedine or midazolam may be 
helpful. 

e When the lesion has been identified and biopsy guide 
markers have been placed on the screen, a needle is 
inserted through the perineum. It can readily be seen 
within the mass. 

e A saturation biopsy template may be used to take 
needle core sample from 12-20 or more. 


e Saturation biopsy becomes popular for the repeat 
biopsy cases. 

Following either procedure, blood pressure and pulse 
are taken at half-hour intervals, since hemorrhage is a 
possible complication (Box 6.3). Infectionis a potential risk 
for prostatic biopsy through rectal route. Broad-spectrum 
antibiotic prophylaxis is necessary for such procedure in 
order to prevent urosepsis following a transrectal biopsy. 
It is expected that blood will be seen mixed with the stool, 
urine and sperm following the procedure for some days or 
even weeks. 


SEMINAL VESICLE CYST 


A cyst may develop in the seminal vesicles. It is an 
embryologic remnant and may become infected. Such 
cysts are often associated with absence of one kidney and 
ipsilateral vas (Box 6.4). 


Transrectal Ultrasound for Infertility 


Transrectal US is very helpful in the evaluation of the 
infertile male. It is indicated in men with azoospermia 
and low ejaculate volume (< 1.5 mL). It is used to evaluate 
for obstructive causes of infertility by looking for cystic 
dilation of the ejaculatory ducts and seminal vesicles. The 
normal seminal vesicle should measure less than 1.5 cm 
on the anteroposterior view. 


ULTRASOUND SCAN OF URETHRA 


Ultrasound scan of urethra or sonourethrography has 
been shown to be accurate, sensitive and specific for the 
diagnosis and assessment of penile and bulbar urethral 
strictures. When compared with conventional retrograde 


Box 6.3: Complications of prostatic biopsy 


Box 6.4: Indications of ultrasonography in benign prostatic 
hyperplasia 
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urethrograms, sonourethrograms involve no ionizing 
radiation and can potentially detect spongiofibrosis and 
other periurethral abnormalities, invisible on radiographic 
urethrograms. The applicability of urethral US has evolved 
to include planning for surgical approach to urethral 
stricture disease. It may be important to understand that 
US can be used to identify the extent of spongiofibrosis, not 
seen on retrograde urethrogram, many experts recommend 
preoperative US prior to reconstructive surgery. 

Sonourethrography usually requires repeated 
instillation of normal saline to distend the urethra and to 
create contrast with adjacent tissues. Usually, the saline 
is delivered via either a Foley catheter or a syringe placed 
directly into the urethral meatus. The saline is effective 
at providing contrast between the urethral lumen and 
surrounding soft tissues, its low viscosity makes urethral 
distention difficult to maintain. Lidocaine hydrochloride 
jelly can be used instead of the normal saline.*’*"* 


SCROTAL ULTRASONOGRAPHY 


General Consideration 


Scrotum is a small magic box like abdomen. Many lesions 
remain undiagnosed if it is not imaged or explored. The most 
common problem that warrants imaging with ultrasonogram 
is scrotal mass, testicular pain, testicular trauma, infertility, 
undescended testis, testicular torsion, etc. Color Doppler US 
may be a very useful diagnostic tool. Calcification in testis 
may indicate carcinoma in situ or frank cancer.”®’ 


Infertility 


A common cause of male infertility may be a varicocele. 
Most varicoceles are palpable but ifa man has unexplained 
infertility, a US study to exclude a varicocele that cannot 
be felt is worthwhile. Epididymal cyst and ejaculatory duct 
obstruction can easily be picked up by US scan. 

Ultrasound can measure the volume of testis 
accurately, which will be helpful in making a diagnosis 
of primary testicular failure if the testosterone is low and 
follicle stimulating hormone is high. 


Undescended Testicle 


Most testicles descend from the abdomen into the scrotum 
by 28 weeks of fetal life. If descent is arrested in the abdomen, 
there is an increased chance of malignant transformation 
in that testis. Urologists prefer to bring the undescended 
testicle into the scrotum in the first six months before the 
electron microscopic change in germinal tissue is apparent. 
Ultrasound can be ofhelp in showing a testicle that cannot be 


felt within the groin, although those that lie in the abdomen 
cannot be detected with US unless the testis is 2 cm’.?’ 


Evaluation of Testicular Mass 


Ultrasound is ideal imaging means of evaluating testicular 
mass. Cystic masses are commonly hydrocele, solid masses 
are usually tumor or granuloma. Normally, the testicle is 
evenly echogenic. The most common testicular tumor, 
seminoma, is usually echopenic compared with the remaining 
testicular parenchyma. The tumor can be as small as 2-3 mm. 
Embryonal cell tumors often show patchy echogenicity.”* 

Teratomas are rare and may be multicystic. Metastases 
may occur early and should be carefully studied. 
Lymphoma may persist in the testicle when it has been 
eliminated elsewhere because chemotherapy often does 
not reach the testicle.’ 

Cysts are quite common within the testicle. Small 
echopenic masses on the border of the testicle may be 
adenomas associated with the tunica. In presence of a 
testicular tumor, staging of the tumor should be carried 
out with ultrasound. 


Testicular/Epididymal Pain 


Testicular pain may be from _ epididymo-orchitis, 
torsion and infarction of testis. The epididymis in acute 
epididymitis is enlarged and more sonolucent than usual. 
A chronically inflamed epididymis becomes thickened 
and focally echogenic and may contain calcification. 
Collection of pus or abscess can be picked up easily. 

Orchitis may involve the entire testicle or be focal. The 
testicle is less echogenic in the involved area. Infarction 
and some seminomatous tumors may have an identical 
appearance. The scrotal wall is thickened with epididymitis 
and orchitis. Color flow shows increased vascularity in 
many small vessels.’ 


Infarcted Testicle (Following Testicular Torsion) 


The testicles are less echogenic than usual when they are 
infarcted because the blood supply has been interrupted. 
The sonographic appearance may be indistinguishable from 
that of a sonolucent tumor occupying the entire organ. The 
clinical presentation is usually quite different. In the longrun, 
an infarcted testicle becomes small and more echogenic.® 


Varicocele 


Varicoceles are numerous tortuous curvilinear structures 
in the region of the epididymis that extend superior to 
the testicle toward the pubic symphysis. They are best 
examined by color Doppler US scan. 
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To demonstrate the dilated veins that form a varicocele, 
venous pressure must be increased either by Valsalva’s 
maneuver or by examining the patient erect. The veins 
increase in size with the change in position. 


Spermatocele 


Acystic structure found along the course of the vas deferens 
superior to the testicle or in the epididymis, a spermatocele 
is of little pathologic significance. Spermatocele may be 
multiple. Epididymal cysts may be seen and may also 
represent sperm collections, but are of no much clinical 
significance. 


Hernias 


In the fetus there is a connection between the abdomen 
and the scrotal sac known as the processus vaginalis. This 
connection may persist, allowing abdominal contents such 
as gut to descend into the scrotum. Hernias are recognized 
by the presence of peristalsis on real time or by shadowing 
from air in the gut within the apparent mass. 


Testicular Trauma 


A damaged scrotum almost always contains blood. Blood 
is generally echogenic with several different patterns. 
There are usually both echogenic and echo-free areas. 
The normal testicle has a smooth ovoid border. When the 
testicle is ruptured, the outline is irregular and there may 
be echopenic areas. Timely repair may save the testis from 
getting atrophied.’* 


DOPPLER PRINCIPLES 


Prelude 


Christian Doppler (1984) first described the effect of US 
on moving fluid. Doppler physics intelligently applied 
in diagnostic ultrasonography using the high-frequency 
sound waves as they are reflected off moving fluid, usually 
blood. When a high-frequency sound beam meets a 
moving structure, the reflected sound returns at a different 
frequency. The frequency will be increased if flow is toward 
the sound source (transducer) and decreased if flow is 
away from the sound source. +? 


Continuous Wave Doppler 


In continuous wave Doppler mode, the sound is 
continuously emitted from one transducer and 


continuously received by a second. Continuous wave 
Doppler is used to detect flow when there is only one 
moving structure, i.e. a single blood vessel. The frequency 
of the returning wave Doppler signal can be converted to 
an audible signal. This is helpful because typically veins 
have a low-pitched hum, whereas arteries have a more 
variable pattern with a high pitched systolic component. 


Clinical Correlation 


Continuous wave Doppler is widely used in assessing the 
penile blood flow in erectile dysfunction, renal transplant 
and hemodialysis accessed surgery. The audible signal will 
be highest when the flow is maximum. 


Pulsed Doppler 


With pulsed Doppler, sound is transmitted and received 
intermittently. It utilizes only one transducer. A pulse of 
sound is emitted from the transducer, which then waits for 
the returning pulse (sound wave). The depth of a structure 
from which pulsations are detected can be calculated 
using the time the sound takes to reach and return from a 
given depth as a measure of distance. Doppler studies can 
be useful in understanding the hemodynamic of desired 
vessels.” 


Flow Direction and Flow Velocity 


The direction of blood flow can be assessed by noting 
whether the frequency of the returning signal is above or 
below the baseline in a vessel. Flow towards the transducer 
is displayed above the baseline, and flow away from the 
transducer below the baseline. Flow direction can be easily 
established by comparing the flow pattern in a vessel in 
which the flow direction is known with the flow pattern in 
a neighboring vascular structure. 

The velocity of blood flow can be deduced from the 
arterial pattern. If the peak systolic flow frequency and the 
angle at which the beam intersects the vessel are known. 


Flow Pattern Within Vessel 


The pattern of flow can be assessed with Doppler US. 
Typically, a vein shows a continuous rhythmic flow in 
diastole and systole, and emits a lower-pitched signal than 
arterial flow. Arterial flow has a high-pitched systolic peak. 

The velocity of blood is highest in the center of a vessel 
and lowest closest to the wall. When the outline of the 
leading edge of the flow has a U-shaped appearance, this 
is called the laminar flow. Stenosis markedly increases the 
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speed of flow in the narrowing, whereas vessel dilatation 
decreases the speed of flow in the center of the vessel. 


Flow Distortion 


Flow immediately beyond an area of wall irregularity is 
disturbed, with an abnormal spectral appearance. Flow 
distortion (non laminar) is characterized by high velocities 
and eddies due to the presence of plaque within the intimal 
layer of the arterial wall. The eddies occur because the 
high velocity jet suddenly hits flow in a vessel of normal 
diameter distal to the stenosis. Extensive flow distortion 
may be a clue to the presence of a wall abnormality at a 
site that cannot be directly visualized. 


Color Doppler and Duplex Imaging 


Color images are obtained by converting the Doppler 
information real time imaging to color encoded images. 
The assignment of color is usually based on the fact that 
flow towards the probe will be turned red and flow away 
from the transducer will be turned as blue. Duplex scan 
can show the sectional images of the blood vessels and 
also can visualize the filling defect in the blood vessels, 
e.g. clots, thrombus, etc. Color Doppler, power Doppler 
and duplex study is extensively used in urology, e.g. for 
evaluation of renal transplant, erectile dysfunction, VUR, 
etc. 11:18:23 


Doppler Study for the Evaluation 
of Erectile Dysfunction 


Color Doppler study of penile vessel is the crucial test 
for the evaluation of the erectile dysfunction. Normally 
the penile vessel is very thin and flow in the flaccid penis 
is usually not adequate for evaluation. The procedure 
is carried out after augmentation of the penile blood 
flow by intra cavernosal injection of either papaverine 
or PGE1 or phentolamine. Nowadays, the test can be 
carried out 2 hours after 50 mg sildenafil citrate. The 
invasive test has now been converted to a noninvasive 
one and become cost effective too.”® 


Doppler Study for the Evaluation of VUR 


Ureteral jets may be seen with the use of Doppler US in a 
well-hydrated patient. Importantly, a ureteral jet may be 
seen with a partial ureteral obstruction. The bladder must be 
partially distended and visualization occurs at the bladder 


base. The imaging of ureteral jets, however, is highly user 
dependent, and difficulty with visualization may be limited 
by a variety of technical and physiologic factors.” 
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Chapter 


PRELUDE 


The introduction of helical computed tomography (CT) 
technology in 1990 has changed the urologic evaluation 
of patients with urinary calculi. Since Smith et al. first 
reported the use of nonenhanced CT for the evaluation of 
patients with acute flank abdominal pain, CT has become 
the imaging modality of choice at the vast majority of 
emergency centers all over the world. Many studies 
have documented the unmatched accuracy of CT in the 
detection of urinary stones when compared to plain 
abdominal radiography kidney, ureters and bladder (KUB) 
radiographs, excretory urography (EU), ultrasonography 
(US) and magnetic resonance imaging (MRI). 


HISTORY OF CT SCAN 


In the early 1900s, the Italian radiologist Alessandro 
Vallebona proposed a method to represent a single slice of 
the body on the radiographic film. This method was known 
as tomography. Tomography had been one of the pillars of 
radiologic diagnostics until the late 1970s, when there was 
availability of minicomputers and of the transverse axial 
scanning method. This lasts due to the work of Godfrey 
Hounsfield and South African born Allan McLeod Cormack, 
who gradually supplanted it as the modality of CT. 

The word “tomography” is derived from the Greek 
words “tomos” (slice) and “graphein” (to write). Computed 
tomography was originally known as the “EMI scan” as it 
was developed at a research branch of EMI, a company 
best known today for its music and recording business. It 
was later known as computed axial tomography (CAT or 
CT scan) and body section r6entgenography. 

The first production X-ray CT machine (in fact called 
the “EMI-Scanner”) was limited to making of tomographic 
sections of the brain, but acquired the image data in about 4 
minutes (scanning two adjacent slices) and the computation 
time was about 7 minutes per picture. The images were 
relatively of low resolution, being composed of a matrix 
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of only 80 x 80 pixels. The first EMI scanner was installed 
in Atkinson Morley Hospital in Wimbledon, England and 
the first patient’s brain-scan was made with it in 1972. In 
the US, the first installation was at the Mayo Clinic. As a 
tribute to the impact of this system on medical imaging, the 
Mayo Clinic has an EMI scanner on display in the radiology 
department. 

Computed tomography is a medical imaging method 
employing tomography created by computer processing. 
Digital geometry processing is used to generate a three- 
dimensional image of the inside of an object from a large 
series of two-dimensional X-ray images taken around 
a single axis of rotation. Computer in the CT machine 
produces a volume of data which can be manipulated 
through a process known as “windowing’, in order to 
demonstrate various bodily structures based on their 
ability to block the X-ray/Réentgen beam. Historically, the 
images generated were in the axial or transverse plane and 
orthogonal to the long axis of the body, modern scanners 
allow this volume of data to be reformatted in various 
planes or even as volumetric (3D) representations of 
structures. Other example is the DigiMorph project at the 
University of Texas at Austin, which uses a CT scanner to 
study biological and paleontological specimens. 


PRINCIPLE OF TECHNIQUES OF CT SCAN 


The CT picture is composed of tiny picture elements 
(pixels) to which 16 shades of gray are assigned. Each 
picture element actually represents a volume element 
(voxel) of tissue within a slice. Voxels are represented by 
an arbitrary scale of CT numbers or Hounsfield Units (HU) 
from -1000 to +1000 with zero HU, equal to water. Since 
only 16 pixel shades are available to represent 2000 HU, 
obviously many voxels will appear as the same shade of 
gray in the CT picture. CT scans is routinely improved by 
limiting the range of HU represented to 400 (-200 to +200). 
This is done by setting the window width to 400 HU while 
maintaining a center of zero HU. 
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Basic Principles of CT Scan 


The patient is immobilized in a motorized table which 
moves with the patient through the CT imaging system. 
Simultaneously, asource of X-rays rotates within the circular 
opening and a set of X-ray detectors rotates in synchrony on 
the far side of the patient. X-ray source produces a narrow, 
fan-shaped beam, with widths ranging from 1-20 mm (Fig. 
7.1). Axial CT is commonly used for head scans where the 
table is stationary during a rotation, after which it is moved 
along for the next slice. Helical CT is commonly used for 
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body scans where the table moves continuously as the X-ray 
source and detectors rotate, producing a spiral or helical 
scan. Current CT scan machines typically have multiple 
rows of detectors operating side by side so that many 
slices (currently up to 256) can be imaged simultaneously, 
reducing the overall scanning time (Figs 7.2 and 7.3). All 
the data are processed by computer to produce a series of 
image slices representing a three-dimensional view of the 
target organ or body region. 

A large part of the projected increase in CT scanning for 
adults will probably come from new CT-based screening 


Rotating X-ray 


Source 
O 


Rotating X-ray 
detectors 


Fig. 7.1: Principle of CT scan 


Fig. 7.2: 256 slice CT scan machine 


Fig. 7.3: Interior of 256 slice CT scan machine 
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programs for asymptomatic patients. The four areas 
attracting the maximum interest are CT colonography 
(virtual colonoscopy), CT lung screening for current and 
former smokers, CT cardiac screening and CT whole-body 
screening. 


PRINCIPLES OF THREE-DIMENSIONAL IMAGE 
RECONSTRUCTION 


As contemporary CT scanners offer isotropic or near isotropic 
resolution, display of images does not need to be restricted 
to the conventional axial images. Instead, it is possible for 
a software program to build a volume by “stacking” the 
individual slices one on top of the other. The program may 
then display the volume in an alternative manner. 

Modernsoftwareallowsreconstructioninnon-orthogonal 
(oblique) planes so that the optimal plane can be chosen to 
display an anatomical structure. This may be particularly 
useful for visualizing the structure of the calyceal system as 
these do not lie orthogonal to the direction of the scan. 

For vascular imaging, curved-plane reconstruction 
can be performed. This allows bends in a vessel to be 
“straightened” so that the entire length can be visualized on 
one image or a short series of images. Maximum intensity 
projection (MIP) reconstructions enhance areas of high 
radiodensity and so are useful for angiographic studies. 


RECENT ADVANCES IN CT 


Recent developments of computed tomography have 
given the opportunities to the urologist to study the various 
urogenital organs more rapidly and in details (Box 7.1). 
Helical CT/spiral CT takes very less time and presents a 
better quality images. Three-dimensional images can also 
be constructed now for studying an organ or lesion before 
invasive treatment. 


Virtual Cystoscopy 


Virtual cystoscopy uses 3D CT data to permit a fly through 
the organ being examined (Fig. 7.4). This is not as accurate 
as conventional cystoscopy but when the sensitivity and 
specificity are compared, it is found to be very close. 
Virtual cystoscopy is going to be most commonly done 
investigation in 21st century. 


Box 7.1: Recent developments of computed tomography 


Fig. 7.4: A 3D virtual reality model of a left kidney with a 
calyceal diverticulum 


Relative HU for various tissues are as follows: 
e Air -1000 HU 

e Fat -150 to -50 HU 

e Water, bile, cerebrospinal fluid 

e Softtissues 30-70 HU 

e Fresh blood, calcium 80 HU 

e Dense corticalbone + 1000 HU 


0 (+20) 


COMMON PROBLEMS IN INTERPRETING CT SCAN 


Hounsfield units can be unreliable because of varying 
calibration standards, partial volume effect, patient 
motion artifacts, streak artifacts (bone, barium, metal 
clips, air-fluid levels and computer generated artifacts). 


LIMITATIONS OF CT SCAN 


The intestinal lumen must be opacified with contrast prior 
to intravenous (IV) contrast. They have limited value in 
identifyinglymph node metastases [especiallyin transitional 
cell carcinoma (TCC) and occult prostate cancer (CAP)| 
because of poor sensitivity (60-70%); lymph nodes less than 
1.5 cm in diameter cannot be seen. CT cannot distinguish 
postoperative, postradiation or postchemotherapy fibrosis 
from residual tumor. Very obese or very thin emaciated 
patients do not scan well. The window width and center 
should be noted if the image is unusual. 


CRITERIA FOR CT 
Benign or Simple Renal Cyst 


e Smooth, thin, invisible wall 
e Homogeneous water density (0 HU +20) 


87 


Section 3 Investigations of Urological Disease 


e No contrast enhancement 
e Sharp margination and interface with adjacent renal 
parenchyma 
Computed tomography cannot differentiate among an 
infected cyst, hemorrhagic cyst, abscess, area of infarction 
or tumor necrosis and metastases. 


Renal Cell Carcinoma 


e Renal cell carcinoma is typically arteriogenous with a 
mean attenuation of 20-30 HU. 

e CT is good for staging of tumor by the evidence of 
perirenal or vascular invasion. Enhancement is 
usual but to a lesser extent than surrounding renal 
parenchyma (Fig. 7.5). 


Transitional Cell Carcinoma 


Larger lesion can only be seen and as such CT has limited 
role in diagnosis of TCC. 


Renal Oncocytoma 


An unenhanced CT may appear to be highly attenuated 
than renal parenchyma and appears hypodense after 
contrast media (Fig. 7.6). Some oncocytoma may appear 
heterogeneous and enhance irregularly. 


Hemangioma, Lipoma and Fibroma 

These are rare tumors of kidney. Low attenuation of 
fat density suggests lipoma. They are well-defined 
homogenous lesions, which enhances minimally. 


Fig. 7.6: CT image of renal oncocytoma 


Angiomyolipoma 


A circumscribed lesion with areas of fat density, with areas 
of increased attenuation is usual (Fig. 7.7). There may be 
extension and evidences of recent hemorrhage. 


Lymphoma 
Lymphoma is usually isodense. Enhancement occurs but 
to a lesser extent than renal parenchyma. 


Wilms’ Tumor 


A low attenuation masses with minimal contrast 
enhancement, which can be expected (Fig. 7.8). 


Fig. 7.5: CT of renal cell carcinoma tumor thrombus 


Fig. 7.7: CT image of angiomyolipoma 
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CT RENAL ARTERIOGRAPHY 


Angiogram-renal arteriography allows excellent anatomic 
visualization of the renal anatomy (Figs 7.9A and B). 
Briefly, the technique first involves placement of a catheter 
into the femoral artery using the Seldinger method 
followed by an initial bolus aortogram. Next, selective 
renal arteriography may be performed for details of the 
intrarenal vascular bed. The patient commonly receives 
50-75 cc of contrast agent during the entire procedure. 


Indications for Renal Arteriography 


e Renal trauma (when indicated) 
e Living donor renal transplants [digital subtraction 
angiography (DSA) generally preferred] 
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e Workup of renovascular hypertension (DSA preferred) 
e Suspicion of renal artery aneurysm 
e Renal tumors (when CT or MRI is inadequate). 

The indications for renal arteriography have diminished 
considerably in recent years because of the remarkable 
advances in ultrasound, CT scans and now MRI. Table 7.1 
shows the complications of formal renal arteriography. 


DIGITAL SUBTRACTION ANGIOGRAPHY 


Digital subtraction angiography combines X-rays, contrast 
media and digital computer technology to produce a high- 
quality angiographic image, which consist of negative 
subtraction of the normal angiogram. Briefly, a mask 
image is first made the area of interest, prior to contrast 
enhancement and itis digitally storedin memory. Following 
contrast enhancement, multiple subtraction images are 
made to produce an excellent negative image of the arterial 
tree with IV administration of contrast. Intravenous DSA 
is preferred over the conventional angiogram because of 
simplicity of the procedures and less invasive nature, and 
sometimes it is cheaper and cost effective. 


CT UROGRAPHY 


Currently CT urography (CTU) has emerged as a promising 
tool for imaging patients with suspected urinary tract 
disease, due to its ability to image all aspects of the 
urinary tract at the same time. CT is already known to be 
superior to conventional EU/IVU and US for detecting 
and characterizing renal masses and also for detecting 
urolithiasis. Noncontrast CT has a better sensitivity and 
specificity for the urinary stone disease than CT urogram. 


Figs 7.9A and B: 3D renal CT angiogram 


89 


Section 3 Investigations of Urological Disease 


Table 7.1: Complications of formal renal arteriography 


Contrast-related injury 


Procedural-related injury 
Allergic reactions 


Nephrotoxicity (ATN) 


Local bleeding, hematoma 

Arterial thrombosis 

Arterial dissection 
Thromboembolization to lower extremity 
False aneurysm formation 

Arteriovenous fistulae 


Abbreviation: ATN, acute tubular necrosis 


Fig. 7.10: CT scanning of the abdomen and pelvis is performed 
with IV contrast 


A comprehensive CT evaluation of the urinary tract 
would offer the advantage of allowing information that 
has until now been acquired from many different imaging 
studies, including EU, ultrasound and standard CT, to be 
obtained from only one study. 

Usually CT scanning of the abdomen and pelvis is 
performed with IV contrast (Fig. 7.10). Normally, imaging 
is performed in the urographic phase of enhancement and 
can also be performed in the arterial and nephrographic 
phases, depending upon the lesion. 

A coronally reformatted, thin section MIP image of a 
left kidney mass lesion is shown in Figure 7.11. For their 
ability to demonstrate adjacent structures, multiplanar 
reconstruction images are very powerful presurgical 
planning tools. 

CT urography is rapidly gaining widespread acceptance 
as the imaging study of choice for complete evaluation 
of the urinary tract. While it has already replaced EU for 
renal stone and renal mass imaging, many investigators 


Fig. 7.11: A coronally reformatted, thin section maximum 
intensity projection image of a left kidney mass lesion. This image 
shows a large tumor replacing the lower pole of the left kidney 


Fig. 7.12: CT urogram showing bladder cancer involving the 
right lateral wall of the bladder 


now perform CTU instead of EU for evaluation of the renal 
collecting systems, ureters and bladder (Fig. 7.12). Reliance 
entirely upon axial image acquisitions, most efficiently 
performed with CTU, appears to result in the highest 
sensitivity in the detection of abnormalities (rather than 
combining axial image acquisition with plain radiography 
or standard or enhanced scan projection radiography). 
Even subtle renal collecting system abnormalities and 
ureteral abnormalities can be detected with CTU, with a 
sensitivity that appears to equal or perhaps even exceed 
that of retrograde pyelography and EU. 

As can be seen, many of these abnormalities have 
characteristic CTU appearances. Although occasional 
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false diagnoses do occur, awareness of potential pitfalls, 
such as ureteral kinks and prominent renal papillae, can 
help in minimizing interpretive errors. The only major 
concern about performing CTU exclusively rather than 
EU is the increased radiation dose of CTU; however, 
ongoing modifications in CTU technique and in CT 
hardware and software may soon eliminate this problem. 
Although slightly different CTU protocols are being 
utilized at different institutions, all CTU imaging relies 
upon the same principle; the acquisition of very thin- 
section excretory-phase axial images. Further, with the 
passage of time, differences in opinion about technique 
have decreased considerably. In summary, it can now be 
stated with a relatively high degree of certainty that rapidly 
growing experience with an increasingly standardized 
CTU approach has made it increasingly clear that CTU will 
very likely make the EU obsolete in the very near future. 
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Chapter 


Abdul Mannan Khan 


PRELUDE 


Magnetic resonance imaging (MRI) was presented in 
1980s as a new diagnostic tool for evaluation of urological 
patients. Using magnets’ radiofrequency and computer, 
useful images are constructed which offer several distinct 
advantages over the existing modalities of imaging tissues. 

Magnetic resonance imaging appears to be safe, since 
no ionizing radiation is involved and no iodinated contrast 
materials are required for diagnosis. Excellent vascular 
details are obtained and are helpful for studying the 
vascular involvement by the malignant tumor. Ultrafast 
breath-hold scanning sequences have significantly 
decreased the image degradation from motion artifact, 
resulting in markedly improved spatial resolution.' 

Magnetic resonance (MR) urography has evolved 
to become a serious clinical alternative to conventional 
intravenous urography (IVU) and computed tomography 
(CT) urography. The concept of MR urography has 
been promoted with the intention of providing typical 
urographic views without resorting to radiation exposure. 
MR urography features different techniques to image the 
upper urinary tract in a comprehensive way that is not 
achievable with conventional IVU. The MR urographic 
technique is based on unenhanced, heavily T2-weighted 
pulse sequences for obtaining static-fluid images of 
the urinary system without depending on the renal 
excretory function. MR urography can also be performed 
as a Tl-weighted technique after renal excretion of an 
intravenously injected gadolinium chelate. 


PHYSICS OF MRI 


The physics of MRI is extremely complex. When a patient 
is placed in the scanner, the protons in the patient’s 
tissues (primarily protons contained in water molecules) 
align themselves along the direction of the magnetic 
field. A radiofrequency electromagnetic pulse is then 
applied, which deflects the protons off their axis along the 
magnetic field. As the protons realign themselves with the 
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magnetic field, a signal is produced. ‘This signal is detected 
by an antenna and with the help of computer analysis, is 
converted into an image. 

The process by which the protons realign themselves 
with the magnetic field is referred to as relaxation. The 
protons undergo two types of relaxation: T1 (longitudinal) 
relaxation and T2 (transverse) relaxation. Different tissues 
undergo different rates of relaxation. In Tl-weighted 
images (emphasizing the difference in T1 relaxation times 
between different tissues), water-containing structures 
are dark. As most of the pathologic processes (e.g. tumor, 
injury, cerebrovascular accident) involve edema (or 
water) Tl-weighted images do not show good contrast 
between normal and abnormal tissues. However, they do 
demonstrate excellent anatomic details. 

T2-weighted images emphasize the difference in 
T2 relaxation times between different tissues. As water 
is bright in these images, T2-weighted images provide 
excellent contrast between normal and abnormal tissues, 
although with less anatomic detail than Tl-weighted 
images. Proton density images emphasize neither T1 
nor T2 relaxation times and therefore produce contrast, 
based primarily on the amount of protons present in the 
tissue. 

The most important known risk of MRI is the 
projectile effect, which involves the forceful attraction of 
ferromagnetic objects to the magnet. Caution also must 
be exercised in patients with embedded ferromagnetic 
objects (e.g. shrapnel) and in those with implants (e.g. 
pacemaker wires). MRI should not be performed on 
patients with cardiac pacemakers or aneurysm clips. 


RECENT ADVANCES OF MRI 


Recently, availability of gadolinium-based intravenous 
contrast agents allows for high resolution of the 
renovascular tree assessment of soft tissue vascularity and 
possibly renal function also. Introduction of endorectal 
coil has improved the quality of images in the study of 
prostate cancers. 
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Magnetic resonance urography is a new technique that 
provides remarkable details of the collecting system and 
course of ureter in coronal section. Contrast enhanced MR 
urography can further be improved by using diuretics. For 
ureteric stones, it has become a single and most effective 
investigation. Intensity-modulated radiotherapy (IMRT) 
and helical IMRT are going to provide better imaging of the 
prostate for evaluating the cancer prostate patients. Currently, 
this modality of imaging is too expensive for clinical use. 


BASIC PRINCIPLES OF MRI 


Magnetic resonance imaging techniques are based on 
nuclear properties of hydrogen atom in tissues. Since 
hydrogen atom has one proton, it has got a property to 
spin due to which the molecule behaves like a tiny magnet. 

Normally the axis of hydrogen ion in the body is 
randomly oriented. If the body is placed in a strong 
magnetic field, the hydrogen nuclei in the body are 
arranged around the line of magnetic force. At this stage if 
these hydrogen nuclei in the magnetic field is additionally 
stimulated with very short pulse of radio wave frequency, 
they absorb the energy and remain in elevated state of 
higher energy (high energy state). 

Magnetic resonance imaging services are provided in 
house with a 1.5 Tesla MRI unit (Fig. 8.1). MRI produces 
extremely precise two- or three-dimensional images using 
magnetic, radio waves and computer (no X-rays). These 
images are helpful in detecting many types of injuries, 
disorders and diseases associated with such areas as the 
brain and nervous systems, muscular systems, skeletal 
systems and other areas of the body. MRI may also be 
useful in detecting cancer in some organs and tissues. 

Once the short radiofrequency pulse is terminated, the 
hydrogen nuclei return at various speed to their original 


Fig. 8.1: MRI unit 


(low energy state) orientation within the magnetic field 
and emitting energy in the form of radio waves in the form 
of same frequency as they absorbed in this process. This 
phenomenon is called nuclear magnetic resonance. The 
emitting energy of the resonating hydrogen ion is collected 
and computed to construct a sectional image by computer. 


MRI Contrast 


Intravenous contrastis often used to improve the sensitivity 
of MRI, especially in the brain and spine. Contrast agents 
contain gadolinium, which increases T1 relaxation and 
causes certain abnormalities to “light up” on T1-weighted 
images. 

Gadolinium, one of the rare earth elements in the 
transition group IIIb of the periodic table, is found 
throughout the earth’s crust. It has eight unpaired electrons 
in its outer shell, which cause its paramagnetic effects. 
Gadolinium, by itself, can cause heavy metal poisoning. 
However, when bound to a chelation agent, it is safe for 
intravenous injection yet remains paramagnetic. 

Gadolinium contrast agents have an extraordinarily 
favorable safety profile. No nephrotoxicity is clinically 
detectable for the currently available formulations of 
gadolinium, including gadopentetate dimeglumine or 
gadodiamide, even at high doses. In addition, they have 
a very low frequency of adverse events. Idiosyncratic 
reactions are rare and serious adverse events are extremely 
rare (1 in 20,000). These agents contain no iodine, which is 
the etiology of most contrast allergies. 

Gadolinium-based contrast agents have recently been 
linked to the development ofnephrogenic systemic fibrosis or 
nephrogenic fibrosing dermopathy. The disease has occurred 
in patients with moderate to end-stage renal disease after 
being given a gadolinium-based contrast agent to enhance 
MRI or magnetic resonance angiography (MRA) scans. 


Magnetic Relaxation 


The return to the state of equilibrium is termed as magnetic 

relaxation. 

e T1 relaxation time refers to the time constant required 
for reorganization of the longitudinal component of 
magnetization after excitation. 

e T2 relaxation time is spin or transverse relaxation time 
constant that describes the irreversible decay of the 
transverse component of magnetization. 


Imaging of Time with MRI (T1/T2) 


On Tl-weighted spin echo MRI scan, tissues with short 
T1 relaxation time produce increased signals and appears 
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bright. Tissues with long T1 time generates less signal and 
appear darker. On T2-weighted images, tissues with short 
T2 relaxation loose more signals rapidly and appear darker 
than tissues with long T2 times. 


CLINICAL APPLICATIONS OF MRI 


Due to its distinct advantage, MRI is gradually becoming 
the choice of imaging techniques in urological practices. 


Adrenals 


On Tl images, adrenal appears to be of intermediate 
density. Differentiation of cortex and medulla is usually 
not possible. On T2 image, the signal is less and becomes 
isodense with liver. 


Kidneys 


On T1 images, renal cortex appears brighter than medulla. 
Adding contrast materials like gadolinium, diethylene 
triamine pentaacetic acid that also shows indication of 
renal function, could enhance visualization. Renal vessels 
are also demonstrated by both T1 and T2 images. Renal cell 
carcinoma (RCC) has a variable nonspecific MR appearance. 
Most of them have low signal intensity than normal 
parenchyma on Tl-weighted images. On T2 images, they 
have typical higher intensity than the surrounding normal 
parenchyma. MRI can be cent percent accurate for tumor 
invasion of the renal vessel in evaluation of RCC (Fig. 8.2). 
Oncocytoma enhances more homogenously than RCC and 
also presents a non-enhancing stellate scar in larger lesion. 


Fig. 8.2: MRIT2 image of kidneys showing a cyst in the right kidney 


Renal cyst typically presents low signal intensity on 
T1-weighted images but ifthe content of the cyst is blood or 
pus, the T1-weighted images may present higher intensity. 
Dynamic contrast MRA is reportedly 87-90% sensitive and 
93-98% specific for detection of renal artery stenosis. 


Magnetic Resonance Angiography 


Magnetic resonance angiography can be useful to urologists 
to determine the vascular supply to potential living- 
related donor kidneys, renal masses planned for partial 
nephrectomy or crossing vessels in ureteropelvic junction 
obstruction. With intravenous injection, gadolinium is 
initially in the arm vein, then the pulmonary circulation 
and the arteries; eventually, it is distributed throughout 
the circulatory system (Fig. 8.3). Within a few minutes, 
gadolinium is redistributed into the extracellular fluid 
space. To make blood bright, compared with all background 
tissues, a sufficient dose of gadolinium is necessary. 
Approximately 0.3 mmoL/kg gadolinium is usually 
sufficient for an average or heavy person when imaging in 
the equilibrium phase. However, arteries are best imaged 
during the arterial phase of gadolinium infusion. 


Adrenal Masses 


CT scan remains the primary procedure for evaluating 
the adrenal glands. MRI is useful for evaluating adrenal 
masses in cancer patients because it often reveals 
differences between metastases and the common, 


Fig. 8.3: This early-phase dynamic contrast-enhanced MR 
angiogram reveals clear evidence of significant stenosis of the left 
renal artery (red arrow). There is some irregularity in the wall of the 
abdominal aorta, indicating generalized atherosclerosis 
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incidentally discovered benign adrenal adenomas (Fig. 
8.4). MRI is the best imaging test for diagnosing and 
staging pheochromocytoma, which usually (but not 
always) demonstrates high signal intensity, appearing as 
a bright “light bulb” on T2-weighted MRI(Fig. 8.5). 


Renal Masses 


For patients with renal insufficiency or prior severe 
allergic reaction to iodinated contrast material, MRI with 
gadolinium and fast-imaging techniques are alternatives 
to contrast-enhanced CT scan.’ MRI provides sensitivity 
similar to that of CT scan in detecting contrast 
enhancement of suggestive renal masses (Fig. 8.6). In 
addition, the multiplanar reconstruction capabilities 


Fig. 8.6: Contrast-enhanced MRI image through the abdomen 
showing renal cell carcinoma 


Fig. 8.5: Bilateral adrenal masses with signal drop on opposed 
phase MRI, diagnostic of lipid containing adenomas 


Fig. 8.7: Abdominal MRI showing bilateral renal cysts 


of MRI can provide supplemental information on the 
nature of the mass from alternate angles. 


Renal Cyst 


There are two significant categories of kidney cysts that 
exist (Fig. 8.7). The most common type of kidney cyst is 
the “simple kidney cyst.” The simple kidney cyst is very 
common and has no risk of becoming a kidney cancer. 
The other type of cyst is called a “complex cyst”. The term 
“complex cyst” refers to a spectrum of cysts that have 
different characteristics which may make them suspicious 
for kidney cancer. 

The risk that a complex kidney cyst is or may become 
cancer depends on its appearance. A system to grade 
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Table 8.1: Bosniak categories of complex kidney cysts 


Category | A simple benign cyst with a hairline thin wall that 
does not contain septa, calcifications or solid com- 
ponents. It measures as water density and does not 


enhance with contrast material. 


Category Il A benign cyst that might contain a few hairline thin 
septa. Fine calcifications might be present in the 
wall or septa. Uniformly high-attenuation lesions of 
less than 3 cm that are sharply marginated and do 


not enhance. 


Category IIF These cysts might contain more hairline thin septa. 
Minimal enhancement of a hairline thin septum or 
wall can be seen and there might be minimal thick- 
ening of the septa or wall. The cyst might contain cal- 
cifications that are nodular and thick but there is no 
contrast enhancement. There are no enhancing soft 
tissue elements. Totally intrarenal non-enhancing 
high-attenuation renal lesions of less than or equal to 
3 cm are also included in this category. These lesions 
are generally well marginated. 


Category Ill These lesions are indeterminate cystic masses that 
have thickened irregular walls or septa in which en- 


hancement can be seen. 


Category IV 


These lesions are more likely cystic lesions that con- 
tain enhancing soft tissue components. 


kidney cysts by their appearance on computed axial 
tomography scan has been developed, which help doctors 
to predict which complex kidney cysts are more likely to 
have kidney cancer inside. This system is known as the 
Bosniak classification. The Bosniak classification provides 
specific definitions to classify cysts by the risk of kidney 
cancer (Table 8.1). 


Transitional Cell Carcinoma 


For transitional cell carcinoma (TCC), involving the upper 
urinary tract, MRI is generally accurate in staging but 
may not detect direct invasion of the renal parenchyma. 
The degree of invasion into the bladder in cases of lower 
tract TCC is detected more easily by MRI, but the extent of 
disease is often overestimated. 


Prostate Cancer 


Magnetic resonance imaging for the evaluation of 
prostate cancer can be performed with standard MRI 
instrumentation, but superior prostate definition is 
produced when MRI is performed with an endorectal 
surface coil within an inflated latex balloon positioned in the 
rectum (Figs 8.8 and 8.9). MRI produces superior staging 
information for seminal vesicle involvement compared 


Fig. 8.8: Prostate coil 


to all other imaging techniques. Some authors report that 
when extracapsular tumor extension into periprostatic 
fat, periprostatic venous plexus, seminal vesicles and 
lymph nodes is evaluated, MRI has a sensitivity of 87%, a 
specificity of 90% and an accuracy of 89%. However, most 
investigators believe that the staging information from 
MRI does not provide added information over the results 
available from prostate biopsy pathology and PSA data. 
When in error, MRI tends to overstage the tumor. 


Vesicoureteral Reflux 


Magnetic resonance imaging is used for evaluating 
vesicoureteral reflux (VUR), differential renal function and 


Fig. 8.9: Prostatic cancer invading the prostatic and bulbous 
urethra in a 61-year-old man. MR images were obtained by 
using an endorectal coil. Coronal T2-weighted image shows an 
ill-defined mass within the bulbous urethra (arrows). Midline 
sagittal T2-weighted image shows an extensive low-signal- 
intensity mass in the prostate. Almost the entire length of the 
prostatic and bulbous urethra is filled with a soft-tissue mass of 
similar signal intensity (arrows) 

Key: P, prostate; E, endorectal coil. 
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renal scarring in children without exposing the patient 
to radiation. MRI combines the information obtained 
from functional nuclear scans, vesicoureterogram and 
ultrasound in a single study. Coronal T1-weighted and 
axial Tl- and T2-weighted images without contrast media 
are performed, followed by insertion of contrast medium 
into the bladder through a catheter. Next, intravenous 
contrast medium is administered. Coronal T1-weighted 
and axial T1- and T2-weighted images are then repeated 
and gradient-recalled echo images are repeatedly 
collected. MRI for VUR provides measures of differential 
renal function similar to nuclear imaging and is superior 
to other methods for evaluating renal scarring. 


Metastatic Disease 


Magnetic resonance imaging enables the detection of 
abnormalities that might be obscured by bone with other 
imaging methods. Thus, it is the method of choice for 
imaging spinal metastases when early or impending spinal 
cord compression is a concern. 

For nodal disease, MRI is an alternative for patients 
with renal insufficiency or prior severe allergic reaction 
to iodinated contrast material who are undergoing 
evaluation for nodal spread of prostate cancer, RCC and 
TCC. MRI is particularly useful for nodal disease above the 
diaphragm. MRI is superior to CT scan for the detection 
of nodal metastases from seminoma and embryonal cell 
carcinoma, with a sensitivity of 87%. 


Penis 


Corporal anatomy can be studied in T1 and T2 images but 
better visualized in T2 images due to increased density in 
corpora spongiosa and cavernosa. 


Testis 


Testis do produce immediate signal at T1 images and 
strikingly increased signal intensity in T2 images showing 
marked contrast. 


Epididymis and Vas Deferens 
Epididymis and vas deferens showed an increased 


intensity both in T1- and T2-weighted images. 


ADVANTAGES OF MRI 


MRI has become the choice of imaging of urological 
organ over CT due to the fact that it is not having radiation 


hazard, IV contrast media is not needed and sections 
through various planes are possible. 


CONTRAINDICATIONS OF MRI 


The contraindications of MRI are as follows: 
e Intracranial metallic clips 

e Intraocular metallic fragments 

e Pacemaker 

e Biostimulator 

e Cochlear implants 

e Pregnancy, etc. 


MAGNETIC RESONANCE UROGRAPHY 


Magnetic resonance urography utilizes the sensitivity 
of MR imaging to demonstrate fluid (urine), producing 
urogram-like pictures without the need for contrast 
media. This technique is sensitive in the detection of 
ureterohydronephrosis and is particularly useful for 
patients in whom contrast material is contraindicated, such 
as patients with prior contrast reactions or renal failure. 

The concept of MR urography has been promoted with 
the intention of providing typical urographic views without 
resorting to radiation exposure. MR urography features 
different techniques to image the upper urinary tract in a 
comprehensive way that is not achievable with conventional 
IVU. 

The MR urographic technique is based on unenhanced, 
heavily T2-weighted pulse sequences for obtaining static- 
fluid images of the urinary system without depending 
on the renal excretory function.’ MR urography can also 
be performed as a Tl-weighted technique after renal 
excretion of an intravenously injected gadolinium chelate.* 

Magnetic resonance urography offers a number of 
first-choice applications and should not be limited to the 
use in patients who do not tolerate iodinated contrast 
agents. MR urography especially provides the option of 
being combined with other MR examination techniques 
in a single session, such as standard MRI of the abdomen, 
MR angiography or MR nephrography. This kind of 
integrative approach of MRI in modern uroradiology may 
help in avoiding the need for multiple, separate diagnostic 
procedures, which in the sum are costly, time-consuming 
and sometimes even invasive." 


Principles of T2-Weighted MR Urography 
(Static-Fluid MR Urography) 


T2-weighted MR urography simply provides water images 
of the urinary tract by acquisition of heavily T2-weighted 
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turbo spin-echo sequence techniques. The water we intend 
to visualize is the urine itself, which may be regarded as an 
“intrinsic contrast medium” 

T2-weighted MR urography is well suited for imaging 
of obstructive urinary tract disorders because the large 
amount of static fluid generates a good signal-to-noise 
ratio (Fig. 8.1). Moreover, T2-weighted MR urography 
offers a diagnostic tool that is independent of the renal 
excretory function. Static-fluid MR urography may even 
provide excellent urographic views of hydronephrosis 
associated with severe kidney malfunction.*°" 

Moderate or marked dilatation is often indicative of 
advanced-stage urinary tract obstruction. On the other 
hand, early-stage intrinsic or extrinsic tumor lesions often 
do not cause obstruction and are therefore not necessarily 
associated with an increase of static fluid. 

The value of T2-weighted MR urography for 
the visualization of the nondilated urinary system 
is limited.6°!"4 Thus, several authors evaluating 
T2-weighted MR urography recommend supplementary 
measures for increasing the fluid load of the nondilated 
collecting system, including the use of a compression 
device plus intravenous diuretics’ or saline infusion 
plus intravenous diuretics; e.g. 0.3 mg furosemide per 
kg bodyweight combined with 20 mL saline infusion per 
kg. However, even the administration of an intravenous 
dose of 20 mg of furosemide cannot constantly ensure 
sufficient visualization of the nondilated urinary tract on 
T2-weighted MR urograms.'*?® 


Principles of T1-Weighted MR Urography 
(Gadolinium Excretory MR Urography) 


In the T1-weighted imaging approach in MR urography, 
the enhancement of the collecting system is based on 
the shortening of Tl-relaxation time of the urine after 
renal excretion of an intravenously injected gadolinium 
agent.” Unlike static fluid MR urography, the feasibility 
of gadolinium-enhanced Tl-weighted MR urography 
correlates with the renal function. Accordingly, the 
methodology of T1-weighted MR urography is similar to 
that of conventional urography and is therefore designated 
as excretory MR urography.* 

Tl-weighted MR _ urography provides both, a 
morphologic depiction and a functional assessment of 
the urine excretion and flows through the urinary system. 
Several studies substantiate that the gadolinium-enhanced 
technique achieves detailed MR urograms of nondilated 
and moderately obstructed urinary tracts, provided 
the renal excretory function is not severely impaired. 
Conversely, excretory MR urography is ofno use in marked 
hydronephrosis associated with renal insufficiency.*'**! 


An intravenous dose of 0.1 mmoL/kg of bodyweight 
(kg-bw) of gadolinium is generally regarded as the standard 
dose in clinical MR imaging and commonly recommended 
also for the use in excretory MR urography. Low-molecular 
weight gadolinium chelates eliminated by renal excretion 
are commercially available and have demonstrated a good 
safety profile, including a low nephrotoxicity at standard 
dose.*** 

For the performance of gadolinium-enhanced 
renal MR imaging, it has to be taken into account that 
physiologically the kidneys are able to concentrate the 
excreted gadolinium load by a factor of 50-100.” For 
example, given an intravenous dose of 0.1 mmoL/kg-bw of 
gadolinium, gadolinium concentrations of more than 12.5 
mmoL/L of urine are possible.” 

For achieving optimal Tl-enhancement of the urine 
in excretory MR urography, it has proved very effective 
to inject the loop diuretic furosemide within 1-5 minutes 


prior to the administration of the standard gadolinium 
dose.417:18,21-25,29,30 


Applications of MR Urography 


Magnetic resonance urography is able to demonstrate 
calyceallesions associated with papillary necroses, calyceal 
diverticula, calyceal blunting in chronic pyelonephritis 
and ureteric distortion caused by retroperitoneal fibrosis, 
radiotherapy or surgery. Imaging of the upper urinary 
tract anatomy may also be important in patients who 
have undergone radical cystectomy and are referred for a 
postoperative follow-up.**”” 

Magnetic resonance urography is useful for achieving a 
complete overview of the postoperative anatomy. Assess- 
ment of the ureteral anastomoses is of special interest. 
Intravenous supplementation of a spasmolytic agent, 
such as butylscopolammonium bromide, has been proved 
effective in suppressing motion artifacts resulting from 
peristalsis of a neobladder or an ileal conduit. 

Magnetic resonance urography offers sophisticated 
imaging features for the assessment of various disorders 
of the transplant urinary tract. The different T1- and 
T2-weighted MR _ urographic techniques can be 
performed either separately or complimentarily (Figs 
8.10 and 8.11). T2-weighted MR urography usually 
permits exact localization of the site of obstruction in 
ureterohydronephrosis.*** 


ADVANTAGES AND DISADVANTAGES OF MRI 


Advantages of MRI include direct imaging in any plane 
desired (though transverse, sagittal and coronal are most 
standard), choice of large or small field of view, excellent 
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Fig. 8.10: T1-weighted excretory MR urography shows normal 
urinary tract 


Fig. 8.11: T2-weighted static fluid MR urography shows bilateral 
megaureter with bilateral ureterocele 


soft-tissue contrast, imaging without exposure to ionizing 
radiation, and (as compared to ultrasound) less operator 
dependence. MRI can image blood vessels and the urinary 
tract without contrast material. MR scanning, however, is 
not without drawbacks. 

The scanning time is relatively slow and as a result, 
image clarity is often inferior compared with CT. Absolute 
contraindications to MRI include the presence of: (1) 
intracranial aneurysm clips, unless the referring physician 
is certain that the clip is made of a nonferromagnetic 
material (such as titanium); (2) intraorbital metal 
fragments and; (3) any electrically, magnetically, or 
mechanically activated implants (including cardiac 
pacemakers, biostimulators, neurostimulators, cochlear 


implants and hearing aids). Relative contraindications, 
such as pregnancy, should always be viewed in the light of 
risk versus benefit of the examination.* 
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Chapter 


PRELUDE 


The importance of radionuclides in the investigation 
of renal disease almost always lies in the fact that 
they provide functional and quantitative information, 
whereas radiological techniques for most of the part 
provide structural detail. The methods are therefore 
complementary and in general, they provide more useful 
clinical information together than either does alone. 
When radionuclide studies were not available to study 
the renal function, the intravenous urogram was the only 
way of assessing differential function. This is, however, 
intrinsically a poor method for a wide variety of reasons 
and may result in serious clinical errors. 

In nuclear medicine, the patient is given a radioactive 
tracer agent either by mouth (capsule) or intravenous 
injection. The tracer goes to the target organ and can then 
be imaged with a gamma camera, which takes pictures 
of the radiation photons emitted by the radioactive 
tracer (Fig. 9.1). As a general rule, allergic reactions to 
radionuclide tracer agents do not occur. 

When this essential difference between radionuclide and 
other radiological procedures is appreciated, then the use of 
each technique and the results will be optimized for each 
clinical problem. Before sending the patient for nucleate 
imaging, the clinician should clearly write about what he is 
willing to know. Although radionuclide investigations are 
noninvasive, they do carry a small morbidity in terms of 
discomfort, apprehension and a measurable radiation dose, 
which must be kept to a minimum.!” 


RADIOISOTOPE MEASUREMENT OF GLOMERULAR 
FILTRATION RATE 


Ethylenediaminetetraacetic acid (EDTA) is added to many 
commercial beers to stabilize foaming and when chelated 
with copper, it produces a blue color used in shampoo. 
Chromium-labeled EDTA may also be used in the 
laboratory as a method of measuring glomerular filtration 
rate (GFR), asitis cleared by glomerular filtration. Following 
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Fig.9.1: Nuclear medicine services are provided, utilizing an orbiting 
gamma camera, treadmill (if necessary) and computer to produce the 
images. A very small amount of radioactive material (isotope), which 
is targeted to specific organs and tissues, is introduced into the body. 
The isotope gives off gamma rays which are detected by the special 
camera. The computer then uses the information, from the camera, 
to generate the images. Nuclear medicine exams provide valuable 
information about how organs and tissues function, which can help 
detect a wide variety of conditions such as cancer, heart disease, 
arthritis and infection to name a few 


injection of the substance, blood samples are taken and a 
rate of decay of the sample is plotted to enable calculation 
of GFR. Injection of radioisotopes that are handled by the 
kidney can provide useful information in the diagnosis and 
management of renal disease. Radioisotope imaging may 
be described as static or dynamic, depending on whether 
or not the radioisotope is freely filtered through the kidney 
and excreted, or taken up and bound to live renal tubules. 


Static Imaging 


The most common biological molecule used in static 
renography is technetium-labeled dimercaptosuccinic 
acid (DMSA). This is filtered by the glomerulus and binds 
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to the renal tubules, where it can be detected by using 
a gamma camera 2-3 hours after injection (Fig. 9.2). 
Dimercaptosuccinic acid scans are useful in providing 
anatomical information, assessing the degree of any renal 
scarring that may be present and in determining split renal 
function. 


RADIONUCLIDE TECHNIQUES AVAILABLE FOR 
STUDYING THE FUNCTION OF THE RENAL TRACT 


A large number of techniques are available and the variety 
of ways in which they may be employed, makes it especially 
important that the appropriate question is asked so that 
the correct investigation is performed in the best possible 
way. The techniques, and the functional and quantitative 


Fig. 9.2: Gamma camera machine 


information provided by them are tabulated in Table 9.1. 
There are, of course, individual variations in the way these 
methods may be performed, but included here are the 
most widely employed techniques. 

In the past, iodine-131 (1131) was used as the primary 
tracertoevaluatetheurinarytract.1131-Orthoiodohippurate 
was used to evaluate effective renal plasma flow (RPF), 
excretion and obstruction. Iodine-131 tracers, however, 
have been supplanted by technetium-99m (99mTc) tracers, 
which have a shorter half-life (6 hours versus 8 days) and 
offer better images. The main tracers used in evaluation of 
the kidney are diethylenetriaminepentaacetic acid (DTPA), 
mercaptoacetyltriglycine (MAG3) and DMSA. 

99mTc-MAG3 is cleared by tubular secretion, and no 
glomerular filtration occurs (Eshima et al. 1990; Itoh, 2001). 
The tracer is well suited for evaluation of renal function 
and diuretic scintigraphy. Also, it is an excellent tracer 
to evaluate RPE 99mTc-DTPA is primarily a glomerular 
filtration agent (Peters, 1998; Gates, 2004). It is also useful 
for the evaluation of obstruction and renal function. It is 
less useful in patients with renal failure. 99mTc-DMSA is 
cleared by both filtration and secretion, but the clearance 
is relatively complex and it does bind to parenchymal 
tissues. It is useful as a renal cortical imaging agent. 


Clearance Techniques 


A most important piece of information for managing 
renal disease is knowledge of the total renal function. 
This may be provided by measuring the serum level of 
urea or preferably creatinine, or by a creatinine clearance 


Table 9.1: Radionuclide techniques for studying the function of the renal tract 


Method 
51Cr-EDTA clearance 


Functional information 

Total renal function (GFR) 

Total renal plasma flow 

Divided renal function 

Intrarenal distribution of function 
Differential renal blood flow 99mTc-DMSA 3h uptake 
Local angiotensin effect 99mTc-DMSA 3h image 
Regional blood flow in renal lesion 
Intrarenal transit time 

Outflow tract kinetics 
Vesicoureteric reflux (VUR) 
Residual urine volume 


Urinary tract infection 


99mTc-DTPA total uptake 123I-hippuran or 99mTc-MAG 3 
125-iodohippuric acid (“Hippuran”) blood clearance 
99mTc-DTPA dynamic renal scan with 2-min uptake 


123l-iodohippuric acid dynamic renal scan 
123I-Hippuran/99mTc-DTPA captopril test 

99mTc-DTPA dynamic scan with quantitative furosemide washout 
99mTc-DTPA dynamic scan with voiding study 

99mTc-DTPA dynamic scan with emptying bladder 

67Ga-citrate or 1111n autologous white cell localization 


Abbreviation: EDTA, ethylenediaminetetraacetic acid; DTPA, diethylenetriaminepentaacetic acid; MAG, mercaptoacetyltriglycine; DMSA, 
dimercaptosuccinic acid; 99mTc, technetium-99m. 
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method. These methods, however, all have technical or 
physiological drawbacks in the assessment of total renal 
function. The most accurate method of measuring the GFR 
is by using a radiolabeled material, which is cleared only 
by glomerular filtration. 

A nonradioactive method using X-ray fluorescence to 
measure the stable iodine-127 in iothalamate may be used. 
Total GFR may be measured using these agents following 
a single injection or by constant infusion, using blood 
samples and urine collections. The GFR can be calculated 
from the formula given below: 

UxV/P 
Where U = concentration of material in the urine 

V = urine flow rate 

P = the concentration of material in the plasma 

The disadvantage of this method lies in the necessity for 
urine collections with their associated inaccuracies. There 
is a simplified technique for clinical purposes in which a 
single intravenous injection is given and blood samples 
are taken after 2, 3 and 4 hours; the GFR is proportional 
to the slope of clearance and a knowledge of the volume 
of distribution can be calculated from it. The effective RPF 
can be measured by similar techniques using 1231 or 1131- 
labeled sodium iodohippurate. This however, has found 
less clinical application than the measurement of GFR. 
The total uptake of the imaging radiopharmaceuticals may 
also be used to measure GFR during the course of renal 
scanning. 


Dynamic Renal Scan 


The dynamic renal scan is used to measure total function, 

differential blood flow and differential renal function, and 

to provide a quantitative evaluation of the rate of transit 
through the outflow tract. Ideally, radiopharmaceuticals 
should be chosen which measure a single physiological 
function of the kidney. The most commonly employed are: 

Radiopharmaceuticals used in nuclear imaging of 
urinary tract: 

e 3]-orthoiodohippurate (I-OIH) 

e 99mTc-DTPA 

e 99mTc-DMSA 

e 99mTc-MAG3 

e 99mTc-DTPA, which is handled by glomerular 
filtration in the same way as inulin and can be used for 
the simultaneous measurement of GFR. 

e 123I-orthoiodohippurate (I-OIH) which is handled like 
para-aminohippuric acid, i.e. by glomerular filtration 
and tubular excretion, and is closely related to RPE 

e 99mTc-MAG3 (mercaptoacetyl guanine) is a new 
99mTc-labeled compound, which is excreted by 
glomerular filtration and tubular excretion. 


Procedure of Study 


The hydrated patient lie supine with the knees slightly flexed 
to decrease the lumbar lordosis. A rapid bolus injection of 
400-600 MBq (megabecquerel) of 99mTc-DTPA, 100-200 
MBq of 99mTc-MAG34 or 50-150 MBq of 123I-OIH is given, 
following which either sequential 5 second images or an 
integrated 30 second image is obtained during the first 
passage of the bolus through the kidneys. An image is then 
obtained at approximately 2 minutes and at5 minute intervals 
for 30 minutes. Activity in the bladder is recorded at the end of 
the study (Fig. 9.3). From this information, differential blood 
flow, divided renal function and mean intrarenal transit time 
may be calculated and a correction for depth and injected 
dose is necessary if total renal function is measured. 

When viewing these images, the regional and total renal 
blood flow should be assessed from the first-pass images 
including the aorta (Figs 9.4A and B). The functional 
image at 2 minutes (representing glomerular filtration 
for 99mTc-DTPA) should be used to assess divided and 
regional renal function. 

Parenchymal clearance time and the collecting system 
clearance time can be evaluated from the subsequent images 
together with the generated time activity curves.** The 
possibility of other complications, e.g. urinary leak, photon- 
deficient areas, ureteric dilatation and VUR, should be noted. 
Finally, it is important to encourage the patient to empty the 
bladder frequently to decrease the radiation dosage. 


Indications of Nuclear Imaging of Urinary Tract 


e Visualization of urinary tract 

e Assessing renal function 

e Detecting renal obstruction 

e Detecting urinary leakage 

e Assessing VUR 

e Measuring testicular blood flow 

e Assessing staging of malignant tumor. 
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Fig. 9.3: Time activity curves of a typical renogram 
Note: The time taken to reach maximum uptake is approximately 
4 minutes. This patient had two good functioning kidneys and a 
percentage uptake ratio of approximately 50:50. 
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Figs 9.4A and B: Renogram of patient with obstructive 
hydronephrosis of the right kidney 
Note: There is no excretory phase for the right kidney even after 
the administration of the diuretic at 15 minutes. The cause of this 
patient's hydronephrosis is mechanical. 


Diuretic Renogram 


When the problem is to rule out the functional obstruction 
from organic anions, furosemide should be injected 
intravenously (0.5 mg/kg) at 20 minutes, and imaging 
is continued for further 15 minutes (F + 15 study). The 
amount of washout achieved should be noted from the 
renal images and the percentage and rate of this washout 
should be calculated. The results should be interpreted in 
the light of the known and divided renal function because 
the diuretic effect of furosemide decreases with decreasing 
renal function. Furosemide may be given 20 minutes before 
the test and if the result suggests obstruction, the patient 
is having organic obstruction. In functional obstruction, 
there should be clearance of dye (F -15 study). 
Diuretic renogram can perform the following functions: 
e Diuretic renogram can rule out functional postrenal 
obstruction. 
e Itcan confirm organic postrenal obstruction. 


Static Renal Scans 


Radiopharmaceuticals for static renal scanning (unlike 
those used for dynamic renal imaging) should be taken 
up by the kidney and fixed for a prolonged period of time 
within the kidney with no significant excretion. At the 
present time, no radiopharmaceuticals exactly meet these 


requirements but the closest is technetium 99m-labeled 
DMSA or 99mTc-DMSA (Fig. 9.5). 

Approximately 15% are excreted during the first 3 
hours; of the remainder, 20% is in the parenchyma of each 
kidney, mainly fixed in the proximal tubules. The relative 
uptake of DMSA at 3 hours by the two kidneys and by the 
various parts of the kidneys correlates closely with the 
divided renal function as measured by divided GFR using 
standard ureteric collection methods. 


Procedure 


Approximately 150 MBq of 99mTc-DMSA are injected 
intravenously. After 3 hours, the kidneys are imaged 
posteriorly with the patient in supine position and 
the flexed knees. Data are collected on the computer. 
Anterior views and oblique views may be necessary, 
depending on the clinical problem. The image should 
be assessed for renal size, renal position, presence of 
dilated calyceal systems and cortical scars or other renal 
defects. The individual kidney function is calculated using 
the activity in the two kidneys as a measure of GFR with 
the background subtracted. Single-photon emission 
computed tomography studies may contribute further 
information, but have not as yet been fully evaluated. 


Renal transplant: The anterior view of the pelvis 
is utilized. In the analysis, a perfusion index may be 
calculated by relating the blood flow through the kidney. 


Vesicoureteric reflux: At the end of the 99mTc-DTPA 
study, fluids are given for further 30 minutes. With the 
patient standing (boys) or sitting (girls), posterior images 
are obtained for 2-5 minutes. Then, in the patient’s own 
time, the bladder is emptied and recordings continue until 
the end of micturition and then for further 2-3 minutes. 


Fig. 9.5: Dimercaptosuccinic acid scan 
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Images are reconstructed from the data system and the 
presence of ureteric or intrarenal reflux is noted visually; 
time/activity curves from the kidney and ureter may be 
obtained to demonstrate the increase in activity during 
micturition that occurs with VUR. From the time/activity 
curve recorded for the bladder, the bladder-emptying rate 
may be calculated. 


Residual bladder volume: If the bladder is imaged at the 
end of the routine study or, alternatively, a much smaller 
(25 MBq) dose of 99mTc-DTPA is given, the residual 
volume can be calculated. Activity is recorded in known 
time, the bladder emptied, the volume measured and the 
bladder is reimaged for the same length of time. 


Renal Scintigraphy 


The agent of choice for cortical scintigraphy is 99mTc-DMSA. 
Single-photon emission computed tomography has become 
an essential tool for this imaging. 99mTc-DMSA imaging 
provides visualization of the renal parenchyma without 
interference from the retention of tracer in the collecting 
system. Pyelonephritis, scar and solid renal masses can 
produce decreased uptake of this radiopharmaceutical. In 
the case ofinfection or pyelonephritis, itis postulated thatthe 
transport mechanism for the radiopharmaceutical across 
the cell membrane into the tubular cells is inactivated. This 
results in decreased localization of the tracer (i.e. cortical 
defect) at the site of infection.”* 

Cortical scintigraphy allows monitoring of scar formation 
from recurrent urinary tract infections such as with VUR. This 
can be helpful in determining the necessity for, and timing 
of, surgical intervention. In addition to pyelonephritis, 
scarring and masses, cortical scintigraphy can be useful in 
determining relative (split) renal function, renal ectopia, 
infarction, horseshoe kidney, thrombosis, acute renal failure, 
multicystic dysplastic kidneys and trauma. 


Captopril Scans 


A 99mTc-DTPA scan is performed before and after a 25-50 
mg oral or IV dose of captopril will identify patients with 
renal artery stenosis, as the uptake of tracer will fall after 
the captopril administration in most cases of functionally 
significant renal artery stenosis. 

The captopril test is used to investigate cases of 
renovascular hypertension caused by possible renal artery 
stenosis. Patients with renal artery stenosis have high serum 
levels of angiotensin II. Captopril reduces angiotensin II 
formation and therefore relaxes efferent arterioles. 

The GFR subsequently falls. Before the test, 
angiotensin-converting inhibitors should be stopped. The 
test is performed following a baseline dynamic renogram. 


Captopril is given and a repeat renogram is taken 30 
minutes later. The test is positive if there is a drop in GFR 
or delayed transit times. 


The Whitaker Test 


Despite the use of diuretics, either in the form of F + 20 or F 
-15 renography, some test results will still be inconclusive 
as to the presence of obstruction. The Whitaker test is 
another, more invasive method of investigating equivocal 
cases of suspected obstruction. It may also be used 
in patients with poor renal function when a dynamic 
renogram is not appropriate. A fine bore nephrostomy is 
inserted into the renal pelvis and a catheter is inserted into 
the bladder. Both the nephrostomy and bladder catheter 
are connected to pressure transducers. Contrast medium 
is injected into the renal pelvis at a rate similar to that of 
maximal diuresis. The bladder pressure is recorded with a 
gradual increase in pressure of the renal pelvis. An increase 
in pressure indicates ureteric obstruction. 


Radionuclide Cystography 


Radionuclide cystography is performed with 
pertechnetate 99mTc by direct bladder infusion (direct 
radionuclide cystography) or 99mTc-MAG3 intravenous 
injection (indirect radionuclide cystography). This study 
can be used in the initial diagnosis of VUR or to evaluate 
patients with urinary tract infections. However, routine 
cystography with radiography contrast is superior for the 
initial study because it helps in assessment for VUR and 
helps to determine the grade of VUR, which is not possible 
with the nuclear cystogram. Nuclear cystography is best 
for follow-up of known reflux, postoperative assessment 
of antireflux surgery, or evaluation of siblings of index 
children with VUR because the presence of reflux is 
the primary endpoint in these situations and nuclear 
cystography exposes children to much less radiation. 


Vesicoureteric Reflux (Direct) 


The best method of measuring VUR with radionuclides 
involves the intravenous injection of 99mTc-DTPA as 
described above under dynamic renal imaging, the 
advantages being simplicity, lack of catheterization and 
lower radiation dosage. If cooperation is not possible, 
however, or the child is under 3 years old, a retrograde 
method may be used. Essentially, this is the same as 
a micturating cystogram but with a lower radiation 
dosage. The bladder is catheterized and technetium as 
pertechnetate is instilled to maximum bladder volume, 
during which time, the ureters and kidneys are imaged 
from below by the gamma camera. A continuous recording 
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is made, which includes the period during which the 
catheter is clamped and the bladder is subsequently 
emptied. The images are assessed for the presence of 
ureteric or intrarenal reflux and time/activity curves are 
obtained from kidney and ureter during the filling phase, 
the full phase and the emptying phase of the study. 


Dynamic Renal Scintigraphy 


Renal scintigraphy is a very sensitive modality for the 
evaluation of renal blood flow and renal function. 
Previously performed with radiolabeled hippuran or 
DTPA, the current agent of choice for dynamic renal 
scintigraphy is 99mTc-MAG3. 

Indications for dynamic renal scintigraphy include: 

e Evaluating obstruction 

e Monitoring patients with medical renal disease 

e Monitoring patients with neurogenic bladder dysfunction 
e Diagnosing renovascular hypertension 

e Assessing postoperative results 

e Evaluating donors and recipients of renal transplants 

e Determining relative (split) renal function. 

The GFR can be calculated by serial blood sampling (at 
2, 3 and 4 hours) following intravenous administration of 
99mTc-MAGS. 

When perfusion is markedly diminished, visualization 
is best on the delayed images (if uptake occurs, some 
perfusion must be present). Markedly diminished renal 
perfusion may result from extracapsular vascular problems 
or from increased intracapsular pressure, as can be seen 
with hematoma and swelling. 

Causes of poor excretion of tracer include medical renal 
disease (images shouldbe correlated with patients’ creatinine 
value), acute tubular necrosis, obstruction (one would 
expect to see associated hydronephrosis and likely to have 
better parenchymal clearance of tracer, unless obstruction 
was quite high grade), dehydration and inflammation from 
infection. Dehydration can cause falsely abnormal renal 
scintigraphy, results with persistent parenchymal activity, 
but a normal appearance of the renal collecting system and 
no clinical history suggesting any reason for the substantial 
decline in renal function. Therefore, patients should have 
vigorous oral hydration prior to nuclear renography. 

With adult polycystic kidney disease, the kidneys are 
enlarged bilaterally. The renal architecture is distorted 
by numerous photopenic areas because of the numerous 
cysts that characterize adult polycystic kidney disease. The 
function of these kidneys is relatively well maintained. 

A venographic phase of the renal scan is particularly 
useful in a patient in whom renal vein thrombosis 
is suggested. The posterior abdominal radionuclide 
venogram demonstrates activity within the suprarenal 


inferior vena cava. Vessels of smaller caliber may be seen in 
the infrarenal portion the abdomen, representing venous 
collaterals. Perfusion is demonstrated in the unaffected 
kidney, but no perfusion is demonstrated in the affected 
kidney, which appears as a photopenic area on flow 
images. Sequential renal images show the unaffected 
kidney to be of normal size, demonstrating prompt uptake 
and excretion of the radiopharmaceutical and a normal 
ureter. The bladder also appears normal. 

Absent flow to a kidney may not necessarily be a finding 
with negative implications. The patient may have had a 
prior nephrectomy or may have an ectopic or congenitally 
absent kidney. Other possibilities include renal artery 
dissection or fibromuscular dysplasia. Dissection is more 
likely in patients with recent intravascular intervention. 


Diuretic Renography 


Diuretic renography is used to help differentiate dilation of 
renal pelvicalyceal systems from obstruction. This imaging 
study is also performed with 99mTc-MAG3. Following the 
perfusion phase of the examination and once the isotope 
has accumulated in the renal pelvis, intravenous furosemide 
is given. Normally, a prompt washout of the isotope occurs 
through the ureters and into the bladder following furosemide 
administration. The amount of washout is quantitated as the 
amount of time necessary for half the isotope to drain from 
the renal pelvis. This is termed as the T1/2. 

The retention of the radiopharmaceutical in the 
renal pelvis despite furosemide injection is indicative of 
obstruction. Correlating the postdiuretic washout curve 
with the appearance of the images is important. An initial 
decrease followed by one or more episodes of increased 
radiopharmaceutical activity within one or both collecting 
systems is consistent with VUR. The study should be 
repeated with a catheter in the bladder if the reflux is so 
severe that the refluxing isotope prevents determination 
of the presence or absence of obstruction. 


Renovascular Hypertension 


Angiotensin converting enzyme (ACE) inhibitor renography 
is often requested to evaluate for renovascular hypertension. 
Renovascular hypertension is the underlying etiology for 
hypertension in only a minority of the cases (approximately 
1-4%). Approximately, 29% of patients with renal vascular 
hypertension have bilateral stenoses. In patients with 
renovascular hypertension, the most common cause of 
renal artery stenosis is atherosclerosis. Fibromuscular 
dysplasia is the second most common cause. 

Angiotensin converting enzyme inhibitor renal 
scintigraphy is reported to have both the sensitivity and 
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specificity of greater than 90%. Renal artery stenosis causes 
the renal perfusion pressure to decrease. In an attempt to 
compensate, the juxtaglomerular apparatus increases the 
production of renin. 

Renin converts angiotensinogen produced in the liver to 
angiotensin I. Angiotensin I is then converted in the lungs to 
angiotensin II. Angiotensin II causes preferential glomerular 
efferent arterial constriction, thus maintaining the GFR. 
Angiotensin II also stimulates the release ofaldosterone from 
the adrenal gland, with subsequent sodium retention and 
increased blood volume. Angiotensin converting enzyme 
inhibitors work by blocking the conversion of angiotensin 
I to angiotensin II. Either the rapid-onset intravenous ACE 
inhibitor enalapril or the slower-acting oral ACE inhibitor 
captopril may be used. Enalapril is probably preferable 
because of its faster and more reproducible effect. 

In patients with renovascular hypertension, the classic 
ACE inhibitor renal scintigraphy results when performed 
with a primarily tubular agent such as 99mTc-MAG3 
demonstrate preservation of initial uptake and excretion 
of tracer. However, prolonged retention of parenchymal 
activity occurs because of the reduced GFR. Initial cortical 
uptake of 99mTc-MAG3 may be decreased in persons with 
severe stenoses. If a glomerular filtration agent such as 
99mTc-DTPA is used, poor initial cortical uptake of tracer is 
noted predominantly and prolonged parenchymal retention 
of activity may also occur. Perfusion to the involved kidney is 
typically preserved with both renal tubular and glomerular 
filtration agents, although in persons with severe renal artery 
stenosis, perfusion to the affected kidney may be diminished. 

Patients who are taking ACE inhibitors for blood 
pressure control should stop their medication for 1-3 days 
prior to the examination. Angiotensin converting enzyme 
inhibitor renal scintigraphy can be performed using a 
one-day, two-stage protocol or a one-stage protocol. Witha 
one-stage protocol, renal scintigraphy with ACE inhibition 
is performed first, and if the results are normal, no 
baseline study is needed and renovascular hypertension 
is excluded. This is usually performed in patients with no 
previous history of renal dysfunction. With a one-day and 
two-stage protocol, a baseline study is performed first, 
followed by a repeat examination with ACE inhibition. 


Renal Transplant Scintigraphy 


The likely causes of renal transplant dysfunction change 
depending on the length of time after surgery. In the 
immediate postoperative period, these causes include: 

e Acute tubular necrosis 

e Renal vein thrombosis 

e Hyperacute or accelerated rejection 


e Urine leak 
e Hematoma 
e Infection. 

Renal artery thrombosis can occur at any time, while 
arterial stenosis tends to occur after the first month. 
Clinically, acute tubular necrosis, rejection, cyclosporin 
toxicity and vascular thrombosis, all result in decreased 
renal function. Treatment of renal dysfunction depends 
on its cause. Imaging can help in determining the cause 
of the renal dysfunction. 

Renal scintigraphy allows assessment of both perfusion 
and function in the transplanted kidney. Activity should be 
seen in the kidney, 3-6 seconds after activity in the iliac 
artery. Peak activity in the graft should occur in less than 
5 minutes, followed by prompt washout. In persons with 
acute tubular necrosis, a slight reduction in perfusion 
is seen, with significant parenchymal dysfunction. In 
those with rejection, perfusion is decreased and function 
is relatively preserved early, with reduction in both 
perfusion and function with more chronic rejection. In 
practice, definitively distinguishing between acute tubular 
necrosis and rejection based on the scintigraphic findings 
is not usually possible because of the considerable overlap 
of the findings for these causes of renal dysfunction. In 
persons with arterial thrombosis, severe or total reduction 
in perfusion and function occurs. 


Infection 


Gallium-67 as citrate and indium-111 labeled autologous 
white blood cells have been shown to concentrate in 
inflamed and infected tissues. Gallium will also accumulate 
in tumors. Therefore, both have been used for the 
localization and identification of the site of renal infections." 
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PRELUDE 


Ali Akbor 


One of the most exciting technological advances in 
diagnostic medicine in recent years is the clinical 
application of combined positron emission tomography 
(PET) and computed tomography (CT) scanning. 
Positron emission tomography is an accurate functional 
imaging technique in the diagnosis, staging, restaging 
and therapeutic monitoring of many common cancers. 
Fluorine-18-fluorodeoxyglucose (FDG), an analog of 
glucose which has a high rate of uptake in a wide range 
of tumors is used as radiopharmaceuticals in this scan. 
Quantification of FDG isotope uptake and distribution 
within the body gives a quantitative map ofits distribution 
in the body. 

First described by Beyer et al.' PET/CT provides 
high-resolution cross-sectional information from CT 
co-registered with metabolic information from PET. The 
imaging data are acquired by using a combined scanner 
during a single examination and are subsequently fused. 
The CT images are used for more precise and rapid 
attenuation correction of the PET data. The combination 
of CT detail with PET data leads to more assured anatomic 
localization of areas of increased metabolic activity. 

The advent of PET with FDG has provided tumor-related 
qualitative and quantitative metabolic information critical 
to patient diagnosis and management. Positron emission 
tomography enables the detection of increased metabolic 
activity in tissue that can appear morphologically normal 
on other imaging modalities. It can also assist in the 
differentiation of benign from malignant lesions and in the 
imaging follow-up of cancer patients following surgery, 
radiation or chemotherapy.”* 

The fused anatomic and functional image of a PET/CT 
study can overcome the diagnostic dilemmas to a great 
extent due to the physiological false positives that are often 


Abdominal Positron 
Emission Tomography or 
Computed Tomography 


seen with stand-alone PET scanners. This feature of CT/ 
PET has had a significant impact in oncology. Presently, 
no stand-alone PET scanners are being manufactured 
(Fig. 10.1). 


RADIOISOTOPES 


For PET/CT examination, the radioisotope that constitutes 
the radiopharmaceutical is a positron emitter. These 
radioisotopes have short half-lives. The most widely used 
isotope, 18 fluorine, has a half-life of 110 minute. Owing 
to its short half-life, large quantities of the isotope are 
required to be ordered from the vendor to compensate for 
the radioactive decay. There are two types of FDG supply 
protocols. According to the first one, FDG is supplied at 
the user’s door step; the supply is based on the number 


Fig. 10.1: Positron emission tomography/computed 
tomography scanning machine 
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of unit doses, calibrated in such a way that there are 10 
millicuries or 370 megabecquerel (MBq) of FDG (1 unit 
dose) at a given time for the first dose and each dose is 
subsequently calibrated so that 10 millicuries are available 
for injection every 30 minute. According to the second 
supply protocol, the user collects a certain quantity of FDG 
from the production site and pays for the dose at the time 
of collection. 


CYCLOTRON CENTERS 


Cyclotron is a complex machine for the production of 
radioisotope. The installation and operation of a cyclotron 
is controlled by the atomic energy regulatory board. The 
design and the facility itself, have also to be preapproved 
by the board before installation can commence. Following 
inspections, final clearance is given for beginning 
operations. A designated “radiation safety officer” has 
overall responsibility for the safety of the personnel and 
the facility. With these conditions fulfilled, the facility is 
then licensed for regular operation. 

The supply of isotope to the end user is also subject to 
regulatory control. The processes followed for dispatch 
and transport of the isotope have to meet regulatory 
requirements. The supplier is responsible till the isotope 
is handed over to the end user. In those cases where the 
consumer collects the isotope at the supplier’s premises, 
the consumer is responsible or the safe transport of the 
isotope to the scanner site.'* 

The most common agent used in PET is the glucose 
analog 18-fluoro-2-deoxyglucose. After intravenous 
injection, this radiopharmaceutical accumulates in organ 
tissues that display a high rate of glycolysis. Initially, clinical 
PET trials focused on functional studies of the brain and 
heart. Fluorine-18-fluorodeoxyglucose PET gained wide 
clinical acceptance for use in oncology (Fig. 10.2) after the 
discovery of its capability to more accurately distinguish 
recurrent brain tumor from radiation necrosis, which can 
have similar appearances with contrast enhancement on 
CT scan images or magnetic resonance imaging (MRI).? 

Many studies have subsequently demonstrated the 
superior accuracy of PET over conventional modalities, 
such as CT scan or MRI in the detection of metastatic 
disease. Ogunbiyi and colleagues have shown that PET 
findings are more sensitive than CT scan findings in the 
clinical assessment of patients with metastatic colorectal 
cancer. Graeber et al. demonstrated that FDG PET is 
highly accurate in staging lung cancer, enabling clinicians 
to predict malignant lymph nodes in 91% of instances, 
compared to a predictive capacity of 64% for CT scan. 
However, little clinical information is available regarding 


Fig. 10.2: Fluorine-18-fluorodeoxyglucose scan in a patient with 
metastatic renal cell carcinoma 


the utility of FDG PET for urologic malignancies. A major 
pitfall for PET in uro-oncology has been intense FDG 
accumulation in the urine.” 

Following a scout, a CT scan is performed and this is 
then followed by the PET acquisition. Positron emission 
tomography scan is acquired in 2D or 3D mode, 
depending on the hardware. The 2D mode is reserved for 
large patients weighing more than 75 kg; 3D is the more 
common protocol and accounts for 60% of all scans 
done. 

The noncontrast enhanced low-dose CT (80-110 
mA) followed by PET is the most common protocol and 
accounts for nearly 70% of all PET/CT scans done in the 
country. The remaining 30% scans are performed in the 
whole-body CECT mode followed by PET acquisition. 
The typical scanning time in a PET/CT scanner for a 
whole-body scan from the skull base to the upper third 
of the femur is 20 min; a stand-alone PET scan takes an 
additional 20 min, which makes the study time a total of 
40 min. The gamma camera-based PET systems take about 
75 min for the same study. Cardiac PET and brain PET are 
performed in noncontrast CT modes. 

A patient, after a minimum fasting period of 6 hour, 
is injected with 5 MBq per kilogram body weight of FDG. 
After the uptake period, the patient empties the bladder 
and is taken up for the study. Oral contrast is given in 50% 
of the centers; the other centers ask the patient to drink 
water. Children are given triclofos sodium BP (an oral 
hypnosedative) 30 minutes post injection. Diazepam and 
furosemide are other medications that are also given, 
though infrequently. In some centers, general anesthesia 
or intravenous ketamine is used routinely in children. 
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INDICATIONS OF PET/CT 


e Staging, assessing treatment response, restaging and 
follow-up of lymphoma 

e Restaging and follow-up in colorectal carcinoma 

e Staging, assessing treatment response and follow-up of 
lung carcinoma 

e Restaging, follow-up and assessing treatment response 
of breast carcinoma 

e Bone and soft tissue sarcomas—staging and assessing 
treatment response 

e Restaging, assessing treatment response and follow-up 
of melanoma 

e Restaging and assessing treatment response of head 
and neck tumors, including thyroid tumors 

e Epilepsy—presurgery 

e Dementia, Alzheimer’s disease 

e Cardiac viability. 


TRANSITIONAL CELL CARCINOMA 


Several authors have indicated the potential of FDG PET 
imaging of primary transitional cell carcinoma (TCC), but 
extensive use has been limited by the concentration of 
the isotope in the urine, masking any areas of increased 
uptake in the urothelium. To avoid this obstacle, Kosuda et 
al. performed retrograde irrigation of the urinary bladder 
using saline irrigant and a Foley’s catheter before taking 
PET images. An alternative is diuretic PET imaging, during 
which the patient is hydrated and the FDG injection is 
followed by furosemide administration and preprocedure 
bladder emptying to evacuate the nonspecific isotope in 
the urine. Using this approach, the activity in the urine can 
be eliminated, yet labeling of the hypermetabolic tissue is 
maintained. 

Despite this advance, diuretic FDG PET is not useful 
for detecting superficial low-grade tumors or carcinoma in 
situ. However, for invasive high-grade tumors, PET has a 
much higher sensitivity. A correlation may exist between 
higher metabolic activity of higher-grade cancer cells and 
the sensitivity of PET. The increased sensitivity could also 
be due to a larger total volume of cancer cells present in 
more invasive, higher-grade tumors. In a small number 
of reported cases, upper-tract TCCs were discovered by 
diuretic PET. 

PET imaging of metastatic TCC is more successful and 
more clinically useful. A larger series demonstrated that 
untreated metastatic lesions were well visualized by PET, 
yielding a sensitivity of 76.9% and a specificity of 97.1%. 
However, unlike untreated patients, the metastatic lesions 
of patients who received prior systemic chemotherapy 


were not reliably detected on PET, with a sensitivity of only 
50%. This lack of enhancement with FDG PET included 
recurrences in areas where tumor was present prior to 
chemotherapy and new sites.® 


RENAL CELL CARCINOMA 


Despite limited experience, PET has shown a promising 
capability to differentiate malignant renal lesions from 
benign lesions. Difficulties occur mainly in identifying 
small, organ-confined tumors. When metastases are 
present, both the metastatic lesions and the primary 
renal lesions are almost uniformly positive based on PET 
imaging. Although inferior to CT scans in the evaluation 
of renal lesions, PET has been shown to have equivalent 
capability for lymph node staging. In addition, unlike 
CT scans, PET allows imaging of the entire body (both 
soft tissue and bones) for metastatic disease, providing 
accurate staging in a single test. 

PET is superior to bone scans in imaging for renal 
cell carcinoma (RCC) bone metastases. Individuals 
with skeletal metastasis from RCC occasionally have 
equivocal or negative findings on bone scan. It has been 
hypothesized that skeletal metastases from RCC may not 
be visible on bone scan because they are primarily lytic 
lesions. Alternatively, the lesions may be intramedullary, 
and therefore, they would not be detected by a cortical 
bone tracer. 


TESTICULAR MALIGNANCIES 


At initial staging of newly diagnosed germ cell tumors 
of the testis, FDG PET is capable of detecting metastatic 
disease that is not identified by other imaging techniques. 
Fluorine-18-fluorodeoxyglucose PET has the potential 
to differentiate active disease from fibrosis or mature 
teratoma in patients with residual masses or identify sites 
of recurrence in patients with elevated tumor markers 
following treatment of their nonseminomatous germ cell 
tumors of the testis. 

The positive predictive value of PET for detecting 
active disease is equivalent to that of markers (94%), 
but FDG PET has the advantage of identifying the site 
of that recurrence. The negative predictive value of PET 
is inferior to markers. However, with serial imaging of 
patients with elevated markers and no radiographic 
evidence of disease, FDG PET imaging is frequently the 
first imaging modality to identify the site of disease. On 
the other hand, for bulky seminoma, PET scans have no 
apparent benefit in the postchemotherapy evaluation of 
residual masses. 
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Prostate Cancer 


Little success has been achieved in imaging localized 
prostate tumors with FDG.” This is because any lesions 
are masked by intense activity from the urinary excretion 
of FDG in the adjacent/overlapping bladder and prostatic 
ureter and by the theoretical high uptake of radioisotopes 
in areas of benign prostatic hyperplasia (BPH). 

Hara and colleagues suggested the use of carbon C-11 
choline PET over FDG PET in the imaging of prostate 
cancer because C-11 choline has negligible urinary 
excretion. These authors were able to demonstrate some 
locally extensive prostate tumors and their associated 
metastases but did not evaluate any clinically organ- 
confined tumors. 

Effert et al. used continuous bladder irrigation with 
an indwelling Foley’s catheter to reduce intense bladder 
activity and image reconstruction to reduce the streak 
artifacts caused by the remaining urine activity. This series, 
which included 27 patients with clinically organ-confined 
prostate cancer, did not show increased uptake by these 
tumors; however, increased uptake was seen in patients 
with BPH, which was theorized to be masking any small 
prostate tumors. 

Similarly, the study by Laubenbacher showed that 
no significant difference was noted in the FDG activity 
of primary prostatic adenocarcinoma compared with 
that of BPH. Using hydration, diuretic administration 
and bladder emptying prior to imaging, FDG PET has 
also failed to show positive imaging findings for clinically 
organ-confined prostate cancer. Again, no correlation 
was found between PSA levels or cancer stage, grade or 
volume with the uptake of FDG. At the same time, with 
this protocol, FDG PET also did not exhibit any evidence of 
increased uptake in BPH. Increased uptake has also been 
reported in a patient with prostatic inflammation. 


Inflammation 


Inflammatory changes can sometimes be mistaken for 
primary or metastatic lesions, even by an experienced 
observer. Positron emission tomography identification of 
lymph node metastases in the supraclavicular area is widely 
accepted as superior to CT scan or MRI imaging. However, 
PET positivity due to granulomatous processes in the 
supraclavicular region has also been described. Positron 
emission tomography positivity due to granulomatous 
prostatitis secondary to Bacillus Calmette-Guérin therapy 
has been mistaken for prostatic involvement with TCC. 
Inflammatory processes, such as pneumonia, are common 
in patients who develop neutropenia with chemotherapy 


and can be mistaken for recurrent or residual malignant 
disease. 


Scrotal Scintigraphy 


Scrotal scintigraphy with 99mTc pertechnetate is 
helpful in the differentiation of testicular torsion from 
epididymoorchitis or torsion of the appendix testes. 
If testicular torsion is strongly considered, the patient 
should proceed to the operating room without a diagnostic 
imaging study so that the diagnosis is not delayed. Patients 
who are evaluated using scrotal scintigraphy include 
those with a low pretest probability for testicular torsion 
in whom the clinician wants to exclude testicular torsion 
and those with a late presentation or confusing clinical 
and physical findings. Scrotal imaging can be valuable in 
these cases. 

Acute torsion (< 6 hour duration) is characterized 
by an area of decreased activity in the mid portion of 
the affected hemiscrotum. A bull’s-eye appearance, in 
which the area of decreased activity is surrounded by a 
rim of increased activity, suggests subacute torsion. This 
bull’s-eye appearance is not pathognomonic and may be 
demonstrated with abscess or hematoma. Epididymitis 
usually demonstrates increased blood flow and diffusely 
increased activity on the immediate static images. 


Metaiodobenzylguanidine lodine-131 


Metaiodobenzylguanidine is an analog of norepinephrine 
and is taken up selectively by the adrenal medulla, the 
sympathetic autonomic nervous system, and tumors 
derived from these tissues. Currently, it is used primarily 
in diagnosis and staging of pheochromocytoma and 


neuroblastoma. Many drugs interfere with uptake 
of metaiodobenzylguanidine, particularly tricyclic 
antidepressants, sympathomimetics, and certain 


antihypertensives. Minimize the radiation dose to the 
thyroid gland by blocking thyroidal I-131 uptake with 
a pretest administration of potassium iodide or Lugol 
solution. 


CONCLUSION 


Although the PET/CT scanner clearly represents a major 
technologic advance, the alliance of functional imaging 
with structural imaging raises a number of controversial 
issues. Protocol and interpretation issues include 
examination reimbursement, validation of indications 
for use, who should interpret the examination, specific 
indications and protocols for low radiation dose CT, and 
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suitability and timing of oral and IV contrast. Recent 
PET/CT publications have been highly encouraging, but 
larger prospective studies will be necessary to establish 
the optimal hybrid scanning protocols. We have outlined 
some specific performance and interpretation principles, 
including some that are still in development. Applying 
sound principles and staying abreast of advances in 
this exciting new modality are necessary requirements 
to harness the full diagnostic power of abdominal PET/ 
cr? 
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PRELUDE 


Urinary stone disease may cause significant complications 
due to sudden obstruction of urinary tract and may 
be further complicated by urosepsis. This is one of the 
common causes for urgent urological consultation and 
emergency hospital admission. Early active urological 
therapies may protect the patient from renal damage. 
Basic understanding of the etiology of stone formation 
and of metabolic risk evaluation is also essential, as they 
provide a sound basis on which appropriate measures can 
be selected to prevent stone recurrence.!” 

It may be noted that during the past few decades, 
the treatment of urolithiasis has been characterized by 
changes resulting from major technical achievements, 
improved understanding of the mechanisms of stone 
formation and advances in pharmacological treatment. 


PRESENTATION 


The patient with renal stone typically presents with 
unilateral renal colic and hematuria. Renal colicis notatrue 
colic but it refers to an intermittent flank pain arising from 
the kidney or ureter and may radiate to the ipsilateralgroin 
or testis (Fig. 11.1). Patients generally toss about, unable 
to find a comfortable position. Guarding with nausea 
and vomiting is occasionally noted. Low-grade fever and 
mild elevation of the white cell count may be present. 
Evidence of serious infection [i.e. high-grade fever, white 
blood cell (WBC) count and pyuria] demands immediate 
intervention, especially in diabetics.'* 


DIAGNOSIS 


Urinalysis will almost always show red blood cells (RBCs) 
and 90% of stones can be demonstrated on kidneys, ureters 
and bladder (KUB) film of the abdomen. Ultrasound 
examination of the urinary tract can detect the stones in 
the renal collecting system in the ureter; if it is dilated 


Acute Ureteric Colic 
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Fig. 11.1: Typical area of distribution of flank pain in acute 
ureteric colic 


even they are radiolucent. Ultrasound can demonstrate 
the upper tract dilatation. This simple noninvasive 
clinical investigation is particularly helpful in patient with 
renal failure where intravenous urography (IVU) may be 
contraindicated. 
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Emergency Work-up 


Urinalysis 


Hematuria is present in most cases and significant pyuria 
suggests an associated infection. Urine culture should be 
obtained. 


Complete Blood Count 


A significantly elevated WBC count in association with 
fever suggests infection. 


Blood Urea Nitrogen/Creatinine Serum Calcium Level 


They must be checked to exclude renal failure (ureteral 
obstruction with a single functioning kidney) and 
dangerous hypercalcemia. 


Noncontrast Helical Computed Tomography 


The noncontrast computed tomography (NCT) or 
noncontrast helical computed tomography has recently 
been found to be superior to excretory urography (IVU) in 
the evaluation of patients with suspected ureterolithiasis. 
Noncontrast CT or noncontrast helical CT does not require 
the use of intravenous contrast material with its associated 
cost and risk of adverse reactions and can be completed 
within 5 minutes in most cases. Noncontrast CT often 
detects extraurinary pathology responsible for the patient’s 
symptoms. Noncontrast CT is also more sensitive than IVU 
in detecting the calculus, regardless ofits size, location and 
chemical composition.” 

It may be noted that the NCT does not provide 
physiological information about renal function and the 
degree of obstruction. The cost of the examination and 
the radiation dose delivered to the patient may be higher 
with CT, but despite these limitations, noncontrast helical 
CT has quickly become the imaging study of choice in 
evaluating patients with acute flank pain.*%*! 

Additional information regarding renal function may 
be obtained by combining with contrast infusion. The 
advantages are demonstration of uric acid and xanthine 
stones, which are radiolucent on plain films, and the ability 
to detect alternative diagnoses. But, the advantage of a 
noncontrast imaging modality must be balanced against 
the higher radiation dose given to the patient during CT 
investigation.*®”! 

Commonly used method for evaluating patients with 
acute flank pain is a plain film of the KUB combined with 
ultrasonography (USG). Experience shows that in a large 


proportion of patients these methods are sufficient for 
the diagnosis of a ureteral stone (Fig. 11.2). Advanced 
studies with contrast may be carried out in selected cases 
which may include retrograde pyelography, antegrade 
pyelography and scintigraphy.**® 


X-ray Kidneys, Ureters and Bladder 


Ninety percent of stones will be seen on the plain 
abdominal film (Fig. 11.3). Stones more than 10 mm in 
size are unlikely to pass spontaneously and even smaller 
stones may increase the risk of serious complications (i.e. 
obstruction and infection). 


Fig. 11.2: Stone at left vesicoureteric junction 


ra ih 
Fig. 11.3: Plain kidneys, ureters and bladder film showing a large 
date shaped stone in the proximal ureter 
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Retrograde Pyelograms 


The retrograde pyelogram is the most precise imaging 
method for determining the anatomy of the ureter and 
renal pelvis and for making a definitive diagnosis of 
any ureteral calculus (Fig. 11.4). The study involves 
a cystoscopic examination with the patient under 
anesthesia. A ureteral catheter is inserted into the 
ureteral orifice on the affected side. Radiographic picture 
is taken at the appropriate time, while contrast material 
is injected through the ureteral catheter directly into 
the ureter. Ureteric stone, even if radiolucent and any 
ureteral kinks, strictures or tortuousities that may not 
be visualized easily on other studies become clearly 
visible.*!° 

Retrograde pyelograms can be performed safely both 
in patients who are highly allergic to intravenous contrast 
media, as well as in patients with renal failure because 
the contrast medium never enters the bloodstream and 
therefore requires no renal filtration or excretion and 
causes no anaphylaxis. 


Magnetic Resonance Imaging 


The magnetic resonance imaging (MRI) has virtually no 
role in the current evaluation of acute renal colic in the 
typical patient. The MRIs are generally more expensive 
than other studies, such as CT scans, which reveal stones 
much better. But, MRI produces no dangerous radiation, 
the gadolinium contrast it uses has minimal nephrotoxicity 
and the technology can readily show urinary obstruction 
even if the stones themselves are not easily visualized. 


Fig. 11.4: Retrograde ureteropyelogram 


Ultrasound Scan 


Ultrasound is a very useful imaging technique in this 
situation. Figure 11.5 shows a case having stone in ureter 
with dilatation of the proximal ureter. A plain X-ray KUB 
and well executed USG can provide all the information as 
IVU can do. This is important to realize that the test is less 
expensive and noninvasive. 


Intravenous Urogram 


This will demonstrate the degree of obstruction and the 
location of radiopaque and lucent stones. 


Nuclear Renal Scans 


Nuclear renal scan can be used to objectively measure 
differential renal function, especially in a dilated system 
for which the degree of obstruction is in question. 
Figure 11.6 shows dimercaptosuccinic acid (DMSA) and 
diethylenetriamine pentaacetic acid (DTPA) renogram 
of a lady having a stone at right proximal ureter. It is a 
reasonable study in pregnant patients in whom radiation 
exposure must be limited. 

Technetium99m with DTPA is the radioisotope 
commonly used for the dynamic scan. The isotope is 
eliminated from the body almost exclusively by glomerular 
filtration and rate of clearance from the renal unit provides 
an excellent estimate of the glomerular filtration rate 
and the relative rate of drainage or clearing from each 
kidney. Transit or drainage half-time that is 20 minutes or 
longer indicates obstruction, while a drainage half-time 


General 


Fig. 11.5: Stone in ureter with dilatation of the proximal ureter 
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Fig. 11.6: Dimercaptosuccinic acid and diethylenetriamine pentaacetic acid renogram of a lady having a stone at right proximal ureter 


of 10 minutes or less is considered unobstructed and 
if the drainage half-time is 10-20 minutes, the result is 
indeterminate. 


DIFFERENTIAL DIAGNOSES OF FLANK PAIN 
Pyelonephritis 


Acute pyelonephritis is a common cause of flank pain 
but its discomfort is usually described as a relatively mild 
dull ache rather than typical renal colic pain. Weakness 
fever, chills, nausea and vomiting are the most common 
symptoms, along with headache and a stiff neck. 
Tenderness in costovertebral angle is present and is often 
more severe than with renal colic. Moderate or severe 
suprapubic pain with dysuria, frequency and urgency 
often accompany the flank pain in person with cystitis and 
pyelonephritis. Distal ureteral calculi can produce similar 
symptoms. Fever, leukocytosis and pyuria are typical 
findings in person with pyelonephritis. 

In some cases, a renal ultrasound may be helpful to 
identify hydronephrosis because pyelonephritis does 
not demonstrate any renal pelvic or ureteral dilation. 
Collecting system dilation found, suggests a possible 
obstruction with pyonephrosis. 


Renal Abscesses 


Perirenal or renal abscesses tend to cause more intense 
pain than pyelonephritis, possibly because the increased 
edema and inflammation produced further stretch 
the renal capsule and sometimes, a flank mass may be 


Fig. 11.7: Renal abscess in a patient with pyrexia of unknown origin 


palpable. Fever and chills are common and people with 
diabetes are at increased risk. 

It may be reasonable to consider a possible renal 
abscess in any patient with pyelonephritis who does not 
improve with antibiotic therapy (Fig. 11.7). Imaging with 
renal ultrasound and CT scans are the most useful imaging 
studies for making this diagnosis. 

Renal abscesses can be divided generally into two 
types: 

1. The corticomedullary renal abscess derived from an 
ascending urinary infection from vesicoureteral reflux. 

2. Corticalrenal abscess develops from the hematogenous 
spread of bacteria. 
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Escherichia coli is the most common organism 
involved and found in 75% of cortico medullary abscess. 
In cortical renal abscess usually Staphylococcus aureus 
is isolated, from a primary focus point elsewhere in the 
body. Effective drainage of the abscess either by open 
surgery or percutaneous methods is the recommended 
treatment along with culture-specific antibiotics 
whenever possible. 


Blood Clots 


Acute renal colic may occur due to blood clots and 
sometimes can cause a sudden ureteral obstruction. 
The situation may be due to iatrogenic causes, such as 
percutaneous renal biopsies, or from underlying medical 
problems, such as blood dyscrasias, renal pelvis or 
parenchymal tumors, angiomyolipomas, hemophilia, 
sickle cell disease or glomerulonephritis. The treatment 
with a ureteral stent or percutaneous nephrostomy is 
usually sufficient therapy for the immediate blockage. 
Direct infusion of a clot-dissolving medication, such as 
streptokinase has been successful in selected cases.® 


Herpes Zoster 


Viral infection like herpes zoster may cause a moderately 
severe burning pain, usually in a band around the flank 
corresponding to a dermatome. Pain usually appears 
before characteristic skin changes appear. Eventually, the 
vesicles appear over the affected area and the diagnosis 
can then be made easily. 


Muscle Pain 


Pain from muscle may be due to a strain or other injury of 
the back or flank and can lead to a dull aching discomfort in 
the thoracolumbar area and the discomfort is exacerbated 
by lifting and bending. There may be tenderness on the 
injection of a local anesthetic into the trigger points which 
may afford significant relief and may help in the diagnosis. 
Treatment of such pains can be done with nonsteroidal 
anti-inflammatory drugs (NSAIDs) and heat applications 
and other form of physiotherapy. 


Papillary Necrosis 


The papillary necrosis can cause an acute ureteral 
obstruction from the sloughed papilla (Fig. 11.8). The 
cause or underlying pathologies include analgesic abuse, 
liver cirrhosis and diabetes. Ring sign caused by the 
outline of a round or triangular filling defect surrounded 
by contrast in a renal calyx upon intravenous pyelogram 


Fig. 11.8: A 22-year-old female with acute papillary necrosis 


characterizes this disorder. The sloughing of the renal 
papilla is caused by ischemia, which leads to coagulative 
necrosis of the renal medullary pyramids. The underlying 
pathologies include analgesic abuse, liver cirrhosis, 
recurrent pyelonephritis, urinary tract obstruction, 
tuberculosis, sickle cell disease, systemic vasculitis, renal 
transplant rejection and diabetes. The treatment of the 
underlying pathology and bypassing the obstruction with 
a nephrostomy or stent is the recommended therapy. 


Pleuritis and Pneumonia 


Inflammatory lesion of pleura or pleuritis can cause a 
sharp stabbing pain in the thoracolumbar region, which 
in some cases, can simulate renal colic. The respiratory 
symptoms or atypical pain involving the chest, suggests 
these possible differential diagnoses and the need for chest 
radiography, which may help clarify the issue. Treatment 
is based on the underlying etiology. 


Abdominal Aortic Aneurysms 


Approximately 10% of patients with abdominal aortic 
aneurysm, may present with symptoms of flank pain that 
mimic renal colic. It is thought to be caused by injury or 
stretching of the nerve plexus around the celiac axis and 
other aortic arterial branches that also supply the nerve 
innervation for the kidneys. 


Fungal Bezoars 


The fungal bezoars are most commonly composed of 
Candida or Aspergillus species and are found primarily 
in patients who are immune compromised, such as 
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renal transplant recipients. The predisposing factors may 
include transplantation, cancer, long-term antibiotic use 
and diabetes. Drainage of pelvicalyceal system (PCS), 
urinary alkalinization and antifungal medications are also 
recommended therapies. 


Kidney Tumors 


Sometimes kidney tumors may cause flank pain either 
directly from renal capsular stretching or indirectly. The 
tumor thrombi that have broken off from their primary 
base because of necrosis can cause an acute ureteral 
obstruction. Among the renal tumors, angiomyolipomas 
are especially prone to bleeding and ureteral blood clot 
formation. 


Ureteropelvic Junction Obstruction 


Frequently ureteropelvic junction (UPJ) obstruction is 
one of the more common causes of renal pain. Pain may 
be similar to an acute ureteral obstruction and usually 
follows the ingestion of large amounts of fluid, which 
causes a brisk diuresis resulting in renal pelvic distension 
and colic. Diagnosis is confirmed by a diuretic-enhanced 
renal nuclear medicine scan, although an IVU with a 
delayed film or an accelerated diuresis from intravenous 
furosemide (Lasix, usually a 20-mg dose) frequently 
demonstrates the obstructed renal pelvis. Ultrasound or 
multislice-CT or MR urogram may also help in making a 
diagnosis (Fig. 11.9). 


Fig. 11.9: Ureteropelvic junction (UPJ) obstruction on CT urogram. 
Gross dilation of the pelvicalyceal system (PCS) of left side and 
minor degree UPJ obstruction with minor dilation of the right PCS 


Main stay of the treatment is the surgical repair of 
the obstruction by a laparoscopic or traditional open 


pyeloplasty. 


Retroperitoneal Fibrosis 


Retroperitoneal fibrosis (RPF) is an idiopathic disease 
in which fibrous tissue overgrows the retroperitoneal 
organs, starting at the midline. The disease is associated 
with ureteral midline deviation, hydronephrosis and even 
renal failure. Retroperitoneal fibrosis has been associated 
with the use of methysergide, but the cause of most of 
these cases is unknown. Pain of retroperitoneal fibrosis 
is usually located first in the lower flank and abdominal 
regions. Testicular and periumbilical pains develop later. 


Ureteral Strictures 


Strictures of ureter usually result from trauma, surgical 
intervention, radiation, stone passage, infection or other 
injury to the ureters. Treatment of ureteric stricture is 
surgical reconstruction. 


Acute Renal Infarction 


Acute renal infarction is a rare disorder, and as such it 
is commonly misdiagnosed at initial presentation. The 
condition is now believed to be a relatively common 
clinical entity that is frequently misdiagnosed initially as 
acute renal colic, pyelonephritis or acute abdomen. Risk 
factors for acute renal infarction may include age older 
than 50 years and an increased risk for thromboembolism, 
such as patients with a prior history of a thromboembolic 
event and chronic atrial fibrillation with inadequate 
anticoagulant therapy. 

Common presenting symptoms are unilateral flank 
pain and hematuria, which affect virtually every patient 
with this disorder (Fig. 11.10). It may also be associated 
with other common symptoms which include fever, 
nausea and vomiting. The serum lactate dehydrogenase 
levels and WBC counts are usually elevated. The condition 
is best diagnosed by CT scan. 


Ectopic or Tubal Pregnancy 


Tubal or ectopic pregnancy usually causes unilateral 
pain in the lower abdomen. Pain may be either colicky 
or constant. Personal history of menstrual problems or 
irregularities, especially with increased beta-human 
chorionic gonadotropin levels in the blood or urine, 
is highly suggestive. Ultrasound is diagnostic. Surgical 
intervention is the main stay of the treatment. 
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Fig. 11.10: Acute renal infarction presented with acute flank pain 
and may have hematuria 


Endometriosis 


The endometriosis may occasionally involve the ureters, 
especially the distal portions where it can cause ureteral 
colic and flank pain. This usually causes extrinsic 
compression from scarring. The imaging studies are 
often not helpful for identifying endometriosis because it 
commonly appears as a stricture or tumor. The hormonal 
treatment is not always successful when the ureters are 
involved and surgical resection of the affected ureteral 
segment is needed to provide relief. 


Ovarian Cyst Rupture or Torsion 


The ovarian cyst rupture or torsion may cause unilateral 
lower abdominal quadrant pain, which tends to increase 
over time. A pelvic examination may suggest this diagnosis, 
but confirmation usually requires pelvic ultrasound. 


Ovarian Vein Syndrome 


The ovarian vein syndrome occurs when the overlying 
ovarian veins become dilated and compress the ureters 
causing an extrinsic obstruction often associated with 
pregnancy. This syndrome has been controversial. 


Pelvic Inflammatory Disease 


Pelvic inflammatory disease generally causes bilateral 
lower quadrant pain, but patients may sometimes 
present with unilateral symptoms. Pelvic and bimanual 


examination of the adnexal organs, which is necessary 
in any female patient presenting with abdominal or 
pelvic pain usually suggests the diagnosis, which can 
be confirmed by pelvic ultrasound. On pelvic internal 
examination, adnexal and cervical tenderness coupled 
with a history of sexually transmitted diseases suggest this 
diagnosis. 


Other Causes 


Out of other causes of flank pain include retrocaval ureter 
(Fig. 11.11), Crohn disease, diverticulitis, appendicitis, 
acute myocardial infarction, ureteral obstruction from 
bullet fragments and shotgun pellets and various 
retroperitoneal disorders. 


MANAGEMENT 


Immediate care of the acute stone patient is based upon 

the following considerations: 

e Size of the stone and the likelihood of it passing 
spontaneously 

e Any associated medical problems (i.e. diabetes) 

e Complications related to the stone (i.e. high-grade 
obstruction or infection). 


Indications for Hospitalization 


High-grade obstruction especially when associated with 
stones more than 10 mm will require early intervention 
(i.e. ureteral stents or percutaneous nephrostomy). High 


Fig. 11.11: Retrocaval ureter; intravenous urography image shows 
right hydronephrosis. The dilated right ureter passes behind the 
inferior vena cava in front of the L3 pedicle 
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fever (> 101°F suggests pyelonephritis) and IV antibiotics 
should be started immediately. Uncontrollable pain 
requires narcotic analgesics. Mild or moderate pain can be 
controlled with nonsteroid anti-inflammatory analgesics, 
e.g. Diclofenac sodium 25-50 mg (> 10°C) suppositories 
twice daily. Anti-spasmodic drugs are not useful as it is 
believed. Severe dehydration requires IV fluids. A single 
functioning kidney is at risk of acute renal failure. 


Medications 
Narcotics and Opioids 


Mainstay of medical therapy for patients with acute renal 
colicis parenteral narcotic analgesics which work primarily 
on the central nervous system to reduce the perception of 
pain. They are inexpensive and quite effective. 

The usual dose of morphine sulfate is 10 mg/70 kg of 
body weight intramuscularly or subcutaneously every 
4 hours. The actual dosage required varies according 
to each individual patient’s tolerance and severity of 
discomfort. For more rapid results, morphine sulfate can 
be administered intravenously in doses of 4-10 mg but 
must be administered slowly or in small increments to 
avoid excessive adverse effects and potentially dangerous 
respiratory depression. 

Pethidine is a potent parenteral narcotic analgesic 
that is very similar in overall effect to morphine sulfate. 
Approximately, 60-80 mg of meperidine is roughly 
equivalent to 10 mg of morphine. It offers a slightly more 
rapid onset of action and slightly shorter duration of 
analgesic activity than morphine sulfate. Some evidence 
suggests that meperidine may have slightly fewer adverse 
effects than morphine. The dosage range is usually 50-150 
mg IM or SC every 3-4 hours. This dosage is reduced by at 
least 50% when administered IV.'""'° 

Naloxone (0.4 mg or 1 mL) is a specific narcotic 
antagonist for both meperidine and morphine sulfate that 
can be administered to counteract inadvertent narcotic 
over dosage or unusual opioid sensitivity. Naloxone has 
no analgesic properties. 

Nalbuphine (Nelban) is a potent parenteral analgesic 
that is partly antagonistic to narcotics. Its overall 
effectiveness in relieving pain is equivalent to the opioids. 
The usual starting dose is 0.5 mg IV or 1-1.5 mg IM, every 
4-6 hours, as needed. 


Nonsteroidal Anti-inflammatory Drugs 


Ketorolac works at the peripheral site of pain production 
rather than on the central nervous system. It has fewer 
adverse effects and often provides dramatic improvement 


in pain symptoms due to renal colic. The dosage is an 
initial 30-60 mg IM or 30 mg IV followed by 30 mg IV or 
IM every 6-8 hours. Ibuprofen or one of the newer oral 
cyclooxygenase-2 inhibitors (e.g. celecoxib) are used for 
pain management in outpatients. A maximum of 5 days of 
NSAIDs therapy is recommended. 


Antiemetics 


Metoclopramide is the only antiemetic that has been 
specifically studied in the treatment of renal colic. The 
usual dose in adults is 10 mg IV or IM every 4-6 hours as 
needed. Other medications commonly used as antiemetics 
include promethazine (Phenergan), prochlorperazine and 
hydroxyzine. 


Desmopressin 


Several studies have now demonstrated that desmopressin 
(DDAVP’), a potent antidiuretic medication that is 
essentially an antidiuretic hormone, can dramatically 
reduce the pain of acute renal colic in many patients." 
In human studies, approximately 50% of 126 patients 
tested had complete relief of their acute renal colic pain 
within 30 minutes after the administration of intranasal 
desmopressin without any analgesic medication. It is 
available as a nasal spray (usual dose of 40 mcg, with 10 
mcg per spray). Generally, only one dose is administered. 

Desmopressin is thought to work by reducing the 
intraureteral pressure, but it may also have some direct 
relaxing effect on the renal pelvic and ureteral musculature. 


Antibiotics 


The use of antibiotics in patients with kidney stones 
continues to be controversial. Overuse of the more 
effective urinary antibiotics leaves only highly resistant 
bacteria, but failure to adequately treat a urinary infection 
complicated by an obstructing calculus can result in 
potentially life-threatening urosepsis and pyonephrosis. 
Evidence of a possible urinary tract infection includes 
an abnormal finding upon microscopic urinalysis, showing 
pyuria of 10 WBCs per high-power field (or more WBCs 
than RBCs), bacteriuria, fever or unexplained leukocytosis. 


Nifedipine and Tamsulosin 


Treatment with nifedipine or tamsulosin increases the 
rate of ureteral stone expulsion and decreases the need 
for analgesic therapy. Previous reports have suggested 
that treatment with a combination of nifedipine and a 
corticosteroid or with the alpha-blocker tamsulosin can 
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improve the spontaneous stone passage rate in patients 
with lower ureteral stones. The safety and effectiveness of 
nifedipine or tamsulosin have been proven. All patients 
in whom medical therapy is unsuccessful after 4 weeks, 
should be treated with ureteroscopy or extracorporeal 
shock wave lithotripsy." 


Aggressive Medical Therapy 


Based on data that suggests a higher rate of spontaneous 
stone passage, fewer days lost from work and fewer 
surgeries, some authorities advocate a more aggressive 
therapeutic medical approach for the period immediately 
after an acute renal colic attack. This treatment plan is 
intended only for short-term use, but may benefit selected 
patients who can take medications reliably and can tolerate 
any adverse effects. The protocol was developed based on 
the possible causes of failure to spontaneously pass a stone 
including ureteral stricture, muscle spasm, local edema, 
inflammation and infection. Various common drugs were 
considered that would potentially benefit these problems, 
improve spontaneous stone passage and alleviate renal 
colic discomfort. The reported regimen consists of the 
following:'*'¢ 

e Ketorolac at 10 mg PO every 6 hours for 5 days 

e Nifedipine XL at 30 mg/d PO for 7 days 

e Tamsolusin 4 mg/day for 7 days 

e Levofloxacin 500 mg once a day for 7 days. 

Alpha-blockers, such as tamsulosin, are usually used as 
muscle relaxants for the lower urinary tract. Studies have 
shown substantial alphal-adrenergic receptors in the distal 
ureter and ureterovesical junction where antagonists, such 
as tamsulosin are able to inhibit basal muscle tone, reduce 
peristaltic frequency and weaken ureteral contractions 
in the distal and intramural ureter. Spontaneous stone 
passage rate has increased approximately 30% in patients 
with ureterovesical and distal ureteral stones treated with 
tamsulosin compared with controls." 

Nifedipine is indicated for angina, migraine headaches, 
Raynaud disease and hypertension, but it can also reduce 
muscle spasms in the ureter, which helps reduce pain and 
facilitate stone passage. Ureteral smooth muscle uses an 
active calcium pump to produce contractions, so a calcium 
channel blocker, such as nifedipine, would be expected to 
relax ureteral muscle spasms. 


Stents 


Successful placement of an appropriate stent in ureter 
virtually guarantees drainage of urine from the kidney 
into the bladder and bypass any obstruction. This relieves 


patients of their renal colic pain even if the actual stone 
remains. A stent is a hollow plastic tube of varying lengths 
that is used in various types of urological surgery on the 
KUB. The most commonly used stent, called a double-J 
forms a coil at either end when the stiffening insertion 
guide wire is removed.'*"° 

When used for stone disease, stents perform several 
important functions. Over time, stents gently dilate 
the ureter, making ureteroscopy and other endoscopic 
surgical procedures easier to perform later. As they are 
also quite radiopaque, stents provide a stable landmark 
when performing shockwave lithotripsy. A landmark is 
particularly important with small or barely visible stones, 
especially in the ureter because the shockwave lithotripsy 
machine uses radiographic visualization to target 
the stone. 

Once big stones are broken up by extracorporeal shock 
wave lithotripsy, stents tend to prevent the rapid dumping 
of large amounts of stone fragments and debris into the 
ureter. The stent helps the fragments to pass slowly, which 
is more efficient and prevents clogging. Finally, a stent 
helps to prevent any stone in the kidney from passing into 
the ureter, an important factor for shockwave lithotripsy, 
which works best on stones within the renal pelvis. 

Stents may become blocked, kinked, dislodged or 
infected. A simple KUB or abdominal flat plate radiograph 
can be used to determine stent position, while infection 
is easily diagnosed by urinalysis. Stents are often quite 
uncomfortable for patients due to direct bladder irritation, 
spasm and reflux. This discomfort can be alleviated by 
pain medications, anticholinergics (e.g. oxybutynin/ 
tolterodine). 


Percutaneous Nephrostomy 


Drainage of an obstructed kidney is necessary and a 
stent is either inadvisable or impossible to place. In 
particular, such cases include patients with pyonephrosis 
who have a urinary infection or urosepsis exacerbated 
by an obstructing calculus. These situations clearly 
indicate the need for a percutaneous nephrostomy (Fig. 
11.12), especially in patients who are hemodynamically 
unstable.” 


Diabetes Mellitus with Stone 


The diabetic patient with acute stone disease has an 
increased risk of developing complications (i.e. infection 
and contrast-mediated nephrotoxicity). This is especially 
true for uncontrolled insulin dependent diabetes. 
Hospitalization is usually prudent. 
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Fig. 11.12: Percutaneous nephrostomy 


Pregnancy with Stone 


Pregnant patients, who are present with renal colic and 
microscopic hematuria, should undergo renal ultrasound. 
If hydronephrosis is present, presumption of a ureteral 
calculus can be made. If renal colic fails to resolve with 
hydration and analgesics or if the patient is in the setting 
of severe obstruction or sepsis, ureterorenoscopy and then 
retrograde placement of a silicone double-J ureteral stent 
under local anesthesia may be attempted. Ifnot successful, 
a percutaneous nephrostomy would be indicated.” 


Patients Treated with Extracorporeal Shock Wave 
Lithotripsy Treatment for Stone Disease 


Patients who have had recent extracorporeal shock wave 
lithotripsy (ESWL) treatment may present with renal colic 
due to passing stone fragments. Rarely, it causes significant 
post-renal obstruction as the urine trickle down between 
the stone fragments like water filter. 179 


Inpatient Management 


Patients admitted for acute stone management should 
receive vigorous fluid resuscitation, especially for the 
patients with diabetes mellitus infection. Antibiotics 
should be given intravenously and third-generation 
cephalosporins or ampicillin and gentamicin are 
preferred. High-grade obstruction should be relieved with 
placement of a percutaneous nephrostomy or retrograde 
ureteral stent. The patient’s urine should be strained for 
stones.'*8 


Outpatient Management 


For the otherwise healthy individual with an acute stone 
less than 5 mm in diameter, outpatient management 
is appropriate. Patients should be instructed to drink 
plenty of fluids, about 3 liters/day, strain their urine to 
catch the stone and save it for analysis. They should be 
given an adequate supply of oral analgesics. Follow-up 
should include a weekly or biweekly KUB to monitor the 
progress of the stone passage. Antispasmotic drugs, as 
believed previously proceed to be ineffective recently, 
good results are published with calcium channel blockers, 
e.g. Nifidepine 10 mg twice daily. Patients having stones 
between 5 mm and 10 mm are less likely to pass their 
stones spontaneously and should be considered for early 
elective intervention in the absence of other complicating 
factors (i.e. infection, high-grade obstruction or a solitary 
kidney). Stones greater than 10 mm size will rarely pass.!*”° 
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Urinary retention, also known as ischuria is a lack of ability 
to urinate. Acute urinary retention is the sudden inability 
to void despite of a strong desire to void. It is a common 
problem, which usually causes agonizing suprapubic (SP) 
pain that demands urgent relief. There is high variability 
within and among countries in its management, which 
can be explained not only by differences in access to care 
but also by a lack of harmonization and consensus on the 
best way to proceed."” 

Immediate treatment consists of bladder decom- 
pression, usually by a urethral catheter, although a SP 
catheter offers several advantages not often exploited by 
urologists. Use of a trial without catheter; this involves 
catheter removal after 1-3 days, allowing the patient to 
void in 23-40% of the cases. 


ETIOLOGY 


Acute urinary retention most commonly occurs in patients 
with preexisting partial bladder outlet obstruction who 
experience a sudden increase in outlet resistance or 
decrease in detrusor pressures. An episode of infection, 
bleeding and anticholinergics or overdistention of the 
bladder is usually the precipitating event.” 


Benign Prostatic Hyperplasia 


Patients with increasing outlet resistance secondary to 
benign prostatic hyperplasia (BPH) may go into acute 
urinary retention by delaying voiding. With overdistention, 
the already weakened detrusor will become atonic. 
Edema from acute infection (i.e. prostatitis) can also cause 
urinary retention. 


Causes of Acute Retention of Urine 


e Benign prostatic hyperplasia 
e Carcinoma of prostate 


Acute Urinary Retention 


e Stricture urethra 

e Posterior urethral valve 

e Prostatitis, prostatic abscess 
e Neuropathic bladder 

e Stone impacted in urethra 

e Clot retention. 

An acute episode of infection, bleeding or over- 
distention of the bladder can cause the patient to go into 
retention. Benign prostatic hyperplasia stricture stone 
impacted in urethra may also cause acute retention 
of urine. 


Blood Clots 


Acute clot retention can occur secondary to BPH or 
bladder tumor or be a late complication of a transurethral 
resection of the prostate (TURP). 


Bladder Neck Obstruction 


A tight scar formed at the bladder neck following a TURP 
can lead to retention if infection, bleeding or acute 
overdistention of the bladder occurs. 


Prostatic Cancer 


Acute urinary retention can occur in patients with 
advanced cancer of the prostate. They will often give a 
history of sudden onset of obstructive voiding symptoms 
as opposed to the more gradual onset usually noted 
with BPH. 


Myopathic Bladder 


Detrusor myopathy can result from overdistention of the 
bladder. This is most frequently seen following gynecologic 
surgery when the normal voiding pattern is replaced 
by retention while they recover from anesthesia. This is 
possibly due to the pressure necrosis of detrusor nerve 
receptors. 
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Neuropathic Bladder 


An areflexic neurogenic bladder will be in retention 
if bladder outlet resistance is higher than intravesical 
pressures. These patients are usually maintained on 
intermittent catheterization. 


Medications 


Anticholinergic agents or antihistamines can cause retention 
in patients with mild to moderate prostatic obstruction. 


Psychogenic Causes 


Patients with hysteria may have a persistent volitional 
override of detrusor contractility. This is not a surgical 
disease and should be treated with intermittent 
catheterization and psychiatric referral. 


Postoperative Retention of Urine 


Many factors may act adversely to affect the emptying 
function of the bladder in the immediate postoperative 
period resulting in retention of urine (Box 12.1). Drugs, 
immobility, constipation and pain may lead to acute 
retention of urine. Urethral catheterization is frequently 
required to overcome retention. Normal bladder function 
often reestablishes on removal of catheter and after 
removal of the factors. Some time clean intermittent 
catheterization may be required if micturition does not 
reestablishes. 


Workup 


The workup for acute retention is primarily directed at 
quickly determining the underlying urologic problem (i.e. 
stricture, BPH, carcinoma of the prostate, etc.). 


HISTORY 


Inquire about strictures, venereal disease, lower urinary 
tract symptoms, slow or weak stream, past urologic 
surgery (i.e. prostate surgery) and medications. Primary 
anticholinergic agents and drugs with anticholinergic side 
effects (mellipramin) may precipitate urinary retention. 


Box 12.1: Postoperative retention of urine 


PHYSICAL EXAMINATION 


Include a digital rectal examination to assess the size of 
the prostate and careful palpation and percussion of the 
SP area to confirm the presence of a full bladder. Loin is 
examined for any mass or tenderness. 


MANAGEMENT 


Initial management of the patient in retention is to provide 
urinary drainage by the least invasive technique available. 
Definitive treatment can be handled on an elective basis. 
It is generally recommended that more than 1,000 mL 
should not be drained from the bladder at once because of 
the possibility of a vasovagal reaction. After draining 1,000 
mL, simply clamp the catheter for a few minutes before 
allowing the remainder to drain. Slow decompensation 
is not recommended as it has not been shown to be 
physiologically beneficial or can prevent an attack of acute 
hemorrhage.** 


Anesthesia and Lubrication 


Appropriate anesthesia and liberal lubrication should 
always be used when attempting to pass any instrument 
into the urethra. Patients will often tightly contract their 
external sphincter muscles because of the discomfort and 
anxiety caused by the procedure. The use of 2% xylocaine 
jelly can make the difference between passing and not 
passing a catheter. About 10 mL of xylocaine jelly is to be 
injected in urethra and to be hold for at least 5 minutes to 
obtain maximum analgesic effects. 


Foley’s Catheter 


Simple placement of a Foley’s catheter (Fig. 12.1) is the 
treatment of choice; however, this can occasionally be 


Fig. 12.1: Foley’s catheter 
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a formidable task. Using a large caliber catheter, that is, 
22F can often facilitate placement of a Foley in the patient 
with BPH. The stiffness of the heavier catheter can help 
to separate the hypertrophied lateral lobes. Additionally, 
a prominent median lobe can be difficult to get over. 
The curve of a coude-tip catheter can be very effective in 
negotiating the median lobe of the prostate. The coude is 
inserted with the curved tip pointing towards the patient’s 
head. A urethral stricture should be suspected if catheter 
passage is blocked in the distal or anterior urethra. Small 
catheters can often be used to pass through a strictured 
area sometimes, as well as an 8F feeding tube may be 
successful. 


Percutaneous Suprapubic Catheterization 


Insertion of percutaneous SP tube (Fig. 12.2) requires that 
the bladder contains at least 200-300 cc; however, the fuller 
the better. The bladder should be easily percussed in the SP 
region (Fig. 12.3). If percussion is difficult, ultrasound can 
be used to confirm fullness of the bladder. Previous lower 
abdominal surgery is a contraindication to attempting 
percutaneous placement (Fig. 12.3) because adhesions 
may hold a loop of bowel in the area of insertion. Other 
contraindications to percutaneous placement of a SP tube 
are listed in Box 12.2. A number of different prepackaged 
SP tube kits are available, such as the steamy catheter. 
Percutaneous SP tubes are generally ineffective for 
draining patients with clot retention because of their small 
caliber. Open surgical placement of a large caliber tube 
would be necessary in this case if urethral catheterization 
were impossible. 


Fig. 12.2: Percutaneous cystostomy set 


Cystourethroscopy 


In difficult cases, the safest and most successful technique 
is to pass a guidewire under direct vision using a cystoscope. 
If a stricture is found, an optical urethrotomy is performed 
with optical urethrotome and a urethral catheter is 
introduced over half sheath of optical urethrotome. 


COMPLICATIONS OF RELIEVING OBSTRUCTION 


Postobstructive Diuresis 


Patients may require careful monitoring for postobstructive 
diuresis (> 200 mL/hour) after establishing drainage. 
Particularly this is true if obstruction is prolonged and 
blood urea nitrogen and creatinine are significantly 
elevated. A large volume of water is depleted from the 
body along with electrolytes like sodium which may lead 
to hyponatremia and shock.** 


Hemorrhage 


Relief of longstanding obstruction may result in major 
hematuria secondary to bladder mucosal disruption. These 
patients will need careful monitoring and continuous bladder 
irrigation. In severe cases, more rigorous measure may be 


Fig. 12.3: Suprapubic catheter in place 


Box 12.2: Contraindications of percutaneous suprapubic tube 
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necessary. It may be stressed that slow decompression will 
not prevent the episodes of bleeding in such cases.’ 


Hypotension 


Significant hypotension may occur secondary to a 
vasovagal response or be caused by relief of pelvic venous 
compression from bladder distention. 
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Traumatic injuries to the genitourinary (GU) tract 
represent about 10% of all injuries seen in the emergency 
room. The urgency ofthe patient’s overall clinical condition 
will dictate how quickly a diagnosis should be made. Care 
must be taken not to overlook significant urologic injuries 
during the commotion of a major trauma emergency. 
Personnel involved in the care of trauma patient should 
be vast in the basic principles of airway management, 
cardiopulmonary resuscitation and spine protection. It is 
the urologist’s responsibility to provide proper evaluation 
of organs.'* 
Trauma patients attending the emergency room may 
present with: 
e Unstable vital signs requiring immediate resuscitation 
and surgical intervention 
e Blunt trauma with stable vital signs 
e Penetrating trauma with stable vital signs. 


Genitourinary tract involves a number of organs which is 

extended from upper abdomen to pelvis and may be best 

described as: 

e Upper GU tract trauma (renal injuries and ureteral 
injuries) 

e Lower GU tract trauma. 


PRINCIPLE OF TREATMENT OF ACUTE UPPER 
GENITOURINARY TRACT INJURY 


Advancement of prehospital care for trauma patients 
is one of the step forward in trauma care. Paramedics 
quickly assess the patient and mechanism of injury, with 
special attention to airway, breathing and circulation. 
Establishment of airway is achieved and if needed, oxygen 
should be administered. Two large-bore intravenous (IV) 
line is established. Cervical spine precautions (e.g. hard 
collar, back-board) should be organized. The patient 
should be transferred to a trauma center as quickly as 
possible. 


Renal Trauma 


Emergency Department Care 


Advanced trauma and life support principle is necessary 
for proper care of the trauma patient. Ventilatory support, 
administration of oxygen and ventilator, if needed, 
should be organized. Emergency resuscitation with 
crystalloids (Ringer lactate solution or isotonic sodium 
chloride solution) should be organized while waiting for 
the O-negative or type-specific blood. Detection of life- 
threatening injuries (e.g. tension pneumothorax, open 
pneumothorax, cardiac tamponade) should be addressed 
emergently. Consultation with appropriate specialist 
should be sorted immediately. 


UPPER TRACT TRAUMA (RENAL INJURIES 
AND URETERAL INJURIES) 


Kidneys are well protected by the rib cage and vertebral 
column, but lateral forces can compress them between 
these structures, leading to injury. But sudden deceleration 
can cause avulsion injuries to the renal pedicle. 

Kidney trauma occurs in approximately 1-5% of all 
trauma cases." Male to female ratio is about 3:1. Kidney 
trauma may be life threatening, but the majority of renal 
injuries can be managed conservatively. Current advances 
in imaging and treatment strategies during the past 20 
years have decreased the need for surgical intervention 
and increased renal preservation. 


Mechanism of Renal Injuries 


The renal injuries may occur either due to blunt or 
penetrating trauma of the abdomen. Blunt trauma can 
account for the largest percentage (90-95%) and the 
percentage of penetrating injuries can increase to 20% 
or higher. The blunt trauma is usually caused by motor 
vehicle accidents, falls, vehicle-associated pedestrian 
accidents, contact sports and assault. 

With rapid deceleration injury, the kidney is displaced 
causing renal artery traction; the resulting tear in the 
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inelastic intima and subsequent hemorrhage into the 
vessel wall leads to thrombosis. Again in compression 
of the renal artery between the anterior abdominal wall 
and the vertebral bodies may result in thrombosis of the 
renal artery. 

The missile injury and stab wounds represent the most 
common causes of penetrating injuries. The penetrating 
trauma tends to be more severe and less predictable than 
those from blunt trauma. Messile or bullet, because of 
their higher kinetic energy, have the potential for greater 
parenchymal destruction and are most often associated 
with multiple organ injuries. It is interesting to note 
that the rate of wartime nephrectomies is relatively high 
(25-33%). 


Classification of Renal Injuries 


Traditionally renal injuries are classified as grade I-V 
(Fig. 13.1). Computed tomography (CT) or direct renal 
exploration is used to classify injuries and adopted from 
American Association for the Surgery of Trauma Kidney 
(Box 13.1). 


Mortality/Morbidity 


The mortality from upper GU tract injuries is attributed 
primarily to other associated injuries, and morbidity is 
26%. 


Grade-l 
Subcapsular hematoma 


Grade-V 
Thrombosis or 
laceration of 
renal vessel 


Grade-ll 
Cortical laceration 
(less than 10 cm) 


Grade-lll Deep cortical 
laceration (no urinary 
extravasation) 


Grade-lV 
Laceration extended 
into collecting system 


Fig. 13.1: Graphical representation classification of renal injury. 
Grade - |, Subcapsular hematoma; Grade - Il, Superficial renal 
laceration; Grade - Ill, Deep laceration; Grade - IV, Parenchymal 
injury involves the renal collecting system; Grade - IV, vascular 
injury. Thrombosis of a segmental renal arterial branch with 
segmental renal infarction, parenchymal injury: multiple deep 
lacerations that result in a shattered kidney; Grade - V, Partial 
vascular injury, thrombosis, arterial avulsion (Source: American 
Association for the Surgery of Trauma Kidney) 


Box 13.1: American Association for the Surgery of Trauma Kidney 
Injury Scale 


Causes 


Most common cause of renal injury is blunt trauma, 
followed by penetrating trauma, road traffic accident 
and gunshot wounds account for 80% of renal injuries. 
Interestingly the etiology of ureteral trauma is mostly 
iatrogenic (82%). 


Blunt Trauma 


e Road traffic accidents 
e Falls from height 
e Assaults with blunt weapons. 


Penetrating Trauma 


e Missile injury: Differentiate between low- and high- 
velocity missiles 

e Shotgun wounds: Close range injuries are equivalent to 
high velocity injuries 

e Stabbings 

e Iatrogenic. 


History 


Detailed history of the trauma from the patient or from 
the witnesses and emergency personnel is an essential 
part of patient evaluation. Loss of consciousness, height 
from where patient has fallen, nature of landing surface 
type and speed of the vehicle, location of the victim in the 
vehicle and use of seatbelt are very much important. 

Patients with GU trauma symptoms are nonspecific 
and may be masked by or attributed to other injuries. 
Renal injury should be suspected in patients with fractures 
of lower ribs and/or spinal processes. 
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Physical Examination 


Ecchymosis or mass in loin indicates a retroperitoneal 
process but is not specific to renal injuries. Most important 
indicator ofrenal traumais gross or microscopic hematuria 
but the absence of hematuria, although rare, does not 
exclude renal injury and it is absent in 5% of patients. 

The presence of abdominal, visceral, solid organ or 
vascular injury may indicate the presence of concomitant 
renal injury, as these injuries often coexist with renal 
injury in 34% of patients with blunt trauma and in up to 
80% of patients with penetrating trauma. 

Quick assessment regarding airway, breathing, 
circulation and any disability should be done during 
physical examination; prompt resuscitation is mandatory 
if necessary. Then tenderness, ecchymosis or penetrating 
injuries in the flank, hypogastric area, pelvis or external 
genitalia, pelvic bony instability, blood at the external 
meatus should be looked for digital rectal examination in 
case if pelvic injury is a routine practice. 


Laboratory Studies 


e The complete blood count to obtain hematocrit level 
and platelet count 

e The prothrombin time and activated partial 
thromboplastin time to check for coagulopathy may be 
unnecessary in young, otherwise healthy patients 

e Serum creatinine: Elevation of blood urea nitrogen 
without elevation in creatinine indicates urine 
reabsorption 

e Urinalysis to diagnose hematuria 

e Blood grouping and cross match. 


Imaging Studies 


Diagnostic imaging techniques are crucial in functional 
and anatomic assessment of the injured and uninjured 
kidney. The indications for imaging are gross hematuria, 
microscopic hematuria with hemodynamic instability, 
persistent microscopic hematuria (serial urine analysis) 
and hemodynamic instability with history of significant 
deceleration mechanism. 


Computed Tomography Scan of the Abdomen and 
Pelvis and Renal Angiography 


Multislice CT scan is preferred over intravenous urogram 
(IVU) inrenalinjuries because ofits superiority in providing 
anatomic and functional details, its higher sensitivity and 
improved time to results with the advent of the spiral CT 


techniques. This type of CT scanners offer even greater 
image resolution and the ability for a CT angiogram of the 
kidneys (Figs 13.2A to C). 

Imaging with CT scanning allows visualization of the 
rest of the abdomen for detection of urinomas. CT should 
be performed if a history of hypotension; gross hematuria; 
or penetrating abdominal, flank, or back injury is present 
in the stable patient. Some times renal pedicle thrombosis 
may present without hematuria, but associated injuries or 
findings usually mandate CT scan or laparotomy.” 


Plain X-ray of the Abdomen 


Plain X-ray of the abdomen may reveal fractures of ribs, 
vertebrae or pelvis. Loss of psoas shadow and perirenal 
outline or displacement of bowel gas may indicate 


retroperitoneal hematoma or urinoma. A ground 
glass appearance indicates intraperitoneal urinary 
extravasation. 


Intravenous Urography 


Intravenous urography is indicated in GU trauma if CT 
is not available. In case of unstable patient one-shot IVU 
may be done in the operating room. Intravenous urogram 
provides information about the structural and excretory 
function of both kidneys. But CT scan is preferred due to 
the relatively poor sensitivity of IVU. When CT scan is not 
readily available and renal imaging is required, IVU may 
be a good imaging study to perform as a first-line modality. 


Ultrasound Scan 


The ultrasound scan is the noninvasive procedure for 
assessing perirenal and subcapsular hematomas. The 
ultrasonography is inferior to CT scan in anatomic detail 
and sensitivity. Ultrasound scan maybe helpfulin follow-up 
care of renal injuries and in detection of urinomas. It may 
also be useful in the acute setting of abdominal trauma 
as part of the focused abdominal sonography in trauma 
examination of the injured patient in detecting perirenal 
hematomas and other injuries to the abdomen. 


Treatment of Renal Injuries 


The objective of treatment of patients with renal injuries is 
to minimize morbidity and to preserve renal function. The 
management of renal injury is usually influenced by the 
decisiontoexploreorobserveassociatedabdominalinjuries. 
Conservative or nonoperative management has become 
the treatment of choice for the majority of renal injuries. 
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Figs 13.2A to C: Superficial lacerations. (A) CT scan reveals a moderate perirenal hematoma that surrounds the posterior aspect of 
the left kidney (H) adjacent to two superficial lacerations (arrows); (B) Deep renal lacerations. CT scan of one patient shows a deep 
laceration (open arrow) that has resulted in a large perirenal hematoma (solid arrow); (C) Multiple segmental renal infarcts. Excretory- 
phase CT scans show multiple wedge-shaped infarcts in the right kidney (straight arrows). Perirenal hematoma curved arrow and urinary 


extravasations are also present 


Hemodynamically stable patients may be provided with 
bed rest, hydration and antibiotics is the preferred initial 
approach. The primary conservative management is 
associated with a lower rate of nephrectomy without any 
increase in the immediate or long-term morbidity. The 
failure of conservative therapy is low (1.1%). 


Nonoperative Management of Renal Injuries 


Grade Jand IIrenalinjuries can be managed nonoperatively 
either due to blunt or penetrating trauma. Protocol of 
grade II injuries has been controversial, but recent studies 
support expectant treatment. The patients diagnosed with 


urinary extravasation in solitary injuries can be managed 
without major intervention and a resolution rate of greater 
than 90%. 


Exploration for Renal Injury 


Goal of renal exploration following renal trauma is the 
control of hemorrhage and renal salvage. Life-threatening 
hemodynamic instability due to renal hemorrhage is an 
absolute indication for renal exploration, irrespective of the 
mode of injury. The other indications (Box 13.2) include an 
expanding or pulsatile perirenal hematoma (grade V injury). 
Overall exploration rate for blunt trauma is less than 10%. 
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Box 13.2: Indications for renal exploration 


Transperitoneal access to the renal vascular pedicle is 
then obtained through the posterior parietal peritoneum, 
which is incised over the aorta, just medial to the inferior 
mesenteric vein. Vascular occlusion before opening 
Gerota’s fascia is a safe and effective method during 
exploration and renal reconstruction and may reduce the 
blood loss and the nephrectomy rate. 

The techniques adopted are renorrhaphy, partial 
nephrectomy is required in most cases. When the renal 
capsule is not preserved, an omental pedicle flap or 
perirenal fat bolster may be used for coverage. Drainage 
of the ipsilateral retroperitoneum is recommended to 
provide an outlet for any temporary leakage of urine.!*"* 

Patient with major vascular injury with massive 
hemorrhage (Figs 13.3 and 13.4), patients may be treated 
with open exploration or angiographic embolization using 
a council balloon catheter (Fig. 13.5). The selective renal 
embolization is considered the most appropriate technique 
for the treatment of iatrogenic vascular lesions." Use of an 
embolic agent helps in performing a distal and irreversible 
occlusion with complete hemostasis. A number of embolic 
materials have been used; microcoils, homologous clots, 
detachable balloons, polyvinyl alcohol particles, gelfoam, 
silicone rubber, cotton pellets and silk filaments. 

All penetrating wounds have traditionally been 
approached surgically. All renal gunshot injuries should 
be explored. 

Most low-velocity gunshot and stab wounds of minor 
degree may be managed conservatively with an acceptably 
good outcome. But injuries from high-velocity gunshot 
injuries, on the other hand might be more extensive and 
may require nephrectomy. 

The percutaneous nephrolithotomy(PCNL)isa popular 
procedure in which stones in the renal pelvis are removed 
via a nephroscope. Complications of this procedure 
include hemorrhage, extravasations and absorption of 
large volumes of irrigation fluid, fever, infection, colonic 
perforation, arteriovenous fistulae, and pneumothorax.'*”° 
Unrecognized or untreated colon injury can result in 
abscess formation, septicemia, and/or nephrocolic or 


Fig. 13.3: Delayed hemorrhage from a grade Ill injury, treated 
with selective embolization in a patient injured in a motor vehicle 
accident 2 weeks prior to the CT examination. He was treated 
with observation but massive gross hematuria demanded this 
procedure 


Fig. 13.4: Embolization of active hemorrhage who was hypotensive 
with gross hematuria after blunt abdominal trauma due to a 
vehicular accident 


colocutaneous fistula. In these cases, surgical exploration 
is inevitable when the patient experiences hemorrhage, 
pneumoperitoneum and peritonitis. 

Vascular injuries from PCNL are quite frequent and 
can occur at any stage of the percutaneous procedure, 
requiring transfusion. Bleeding can arise from both 
venous and arterial lesions. Bleeding from venous vessels 
could be profuse at the end ofa procedure, but is generally 
controlled by simple measures, such as placing the patient 
supine to reduce abdominal compression, positioning 
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Fig. 13.5: Grade V renal vascular injury: infarcted right kidney 
secondary to traumatic renal arterial thrombosis 


a nephrostomy catheter and forcing diuresis through 
hydration and parenteral administration of mannitol after 
clamping of the nephrostomy catheter." 


Blunt Renal Trauma 


Minor renal injury accounts for most cases (85%) and 
shouldbetreated conservatively (bedrestuntilurine grossly 
clears, monitor vital signs and hematocrit). Renal pedicle 
injuries demand immediate surgery (revascularization 
or nephrectomy/autotransplantation). Treatment of the 
other major renal injuries (5-10% of patients) can arguably 
be done either surgically or conservatively (with careful 
monitoring, observation and antibiotic coverage). 


Penetrating Trauma 


All patients with stab or gunshot wounds should undergo 
surgical exploration. The only exception is patient with a 
stab wound in the flank, no hematuria, normal CT/IVU 
and no abnormal physical findings. 


Percutaneous Renal Biopsy Induced Renal Injury 


US guided percutaneous renal biopsy is a relatively 
safe procedure. Hemorrhage, arteriovenous fistula and 
renal capsular artery pseudoaneurysm might occur. 
Unexpected arteriovenous fistula might have been 
created with severe hypertension and is managed by 
embolization. Development of a pseudoaneurysm should 
be suspected if the patient presents with flank pain and 
decreasing hematocrit without hematuria. Arteriography 
and transarterial embolization is the appropriate therapy. 


Complications of Renal injury 


The early complications occur within the 1st month after 
injury and can be bleeding, infection, perinephric abscess, 
sepsis, urinary fistula, hypertension, urinary extravasation 
and urinoma. The delayed complications (Box 13.3) 
include bleeding, hydronephrosis, calculus formation, 
chronic pyelonephritis, hypertension, arteriovenous 
fistula, hydronephrosis and pseudoaneurysms. 


Hypertension 


The renal trauma is a rare cause of hypertension, mostly 
in young men. Frequency of post-traumatic hypertension 
is estimated to be less than 5% in all published series. This 
hypertension is usually renin dependent and associated 
with parenchymal injury. This renal artery thrombosis, 
segmental enin mediated hypertension may be due to 
underlying arterial thrombosis, renal artery stenosis, 
devitalized fragments and arteriovenous fistulae. The 
arteriography is informative in cases of post-traumatic 
hypertension. The treatmentis required ifthe hypertension 
persists, and could include medical management, 
excision of the ischemic parenchymal segment, vascular 
reconstruction or total nephrectomy.” 


Urinary Extravasation 


After renal reconstruction often subsides without 
intervention as long as ureteral obstruction and infection 
are not present. Retrograde stenting may improve drainage 
and allow healing. The persistent urinary extravasation 
from an otherwise viable kidney after blunt trauma 
often responds to stent placement and/or percutaneous 
drainage as necessary. 


Arteriovenous Fistulae 


Usually present with delayed onset of significant 
hematuria, most often after penetrating trauma. 
The percutaneous embolization is often effective for 
symptomatic arteriovenous fistulae, but larger ones may 
require surgery. 


Box 13.3: Complications of renal injury 


135 


136 


Section 4 Emergency Urology 


Pseudoaneurysm 


It is a rare complication following blunt renal trauma. 
Transcatheter embolization appears to be a reliable and 
minimally invasive solution. 
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PRELUDE 


Ureter is the conduit for urine between the kidney and the 
bladder. Ureters are protected in the retroperitoneal space. 
Injury or trauma to the ureter is relatively rare and accounts 
for only 1% of all urinary tract trauma. As a result, there is 
relatively a small volume of published clinical experience 
to base recommendations of management.'? 


MA Salam, AKM Khurshidul Alam 


ETIOLOGY OF URETERIC TRAUMA 


Contemporary review of ureteral trauma in the European 
literature is from Dobrowolski, et al. in Poland.! The 
authors retrospectively analyzed the records of patients 
with upper urinary tract injuries presenting to 61 urology 
departments between 1995 and 1999. They identified 
452 ureteral injuries (Box 14.1). Out of these, 340 (75%) 
were iatrogenic, 81 (18%) were from blunt trauma and 31 
(7%) were from penetrating trauma. Of the 340 iatrogenic 
injuries, (Box 14.2) 247 (73%) were gynecological in 
origin, 46 (14%) were general surgical and 47 (13%) were 
urological. It may be interesting to note that ureteral injury 
is much more likely to occur within the hospital rather 
than from injuries sustained outside. 

The frequency of ureteral injury during gynecological 
pelvic surgical procedures to be 1.6/1000. 


Box 14.1: Etiology of ureteric injury 


Box 14.2: latrogenic injuries of ureter, n = 340 


Ureteral Injury 


Out of the total ureteral injuries identified, the injury 
was in the upper third in 60 cases (13%), in the middle- 
third in 61 cases (13%), and in the lower-third in 331 (74%). 
Situation of ureteral trauma in a modern European setting 
is similar to that seen in the USA.’ 


CLINICAL DIAGNOSIS 


Injuries to ureter should be suspected in cases of 
penetrating abdominal injury and gun shot injury. In some 
cases of blunt deceleration trauma especially in major car 
accident, the kidney and renal pelvis can be torn away 
from the ureter. Deceleration injury is more likely to occur 
in children because of their hyperextensible vertebral 
column.*4 

It was seen that hematuria is also a poor indicator of 
injury, as it is present in only half of those with ureteral 
trauma.’ Isolated ureteral injuries may also be missed. 
These patients tend to present with subsequent evidence 
of upper tract obstruction, urinary fistula formation and 
sepsis.° Following gynecological pelvic surgery, any woman 
who complains of flank pain, develops vaginal leakage of 
urine or becomes septic should also be suspected of having 
injury to the ureter or bladder and should be investigated 
appropriately. During surgery, when the ureter is explored 
to exclude injury, the use of intravenous indigo carmine 
or methylene blue is to be recommended. It may help to 
reveal the site of injury by leakage of blue-stained urine. 
This is especially important in partial tears. 


RADIOLOGICAL DIAGNOSIS 


Injury of ureter may demonstrate radiological signs of 
upper urinary tract obstruction and contrast extravasation 
(Fig. 14.1) of radiological contrast material. Such feature or 
sign can be produced by the use ofintravenous pyelography 
(IVP), giving 2 mg of contrast material per kilogram of body 
weight. But currently IVP or intravenous urogram (IVU) is 
largely replaced by the computed tomography (CT).° 


138 


Section 4 Emergency Urology 


Fig. 14.1: Intravenous urogram of a patient with ureteric injury 
showing extravasations 


If a high suspicion of ureteral injury exists and the CT 
scan is nondiagnostic, then an intravenous urogram can be 
obtained by taking a plain kidney, ureter and bladder film 
30 minutes after intravenous injection of CT contrast 
medium. If this is also nondiagnostic and a suspicion of 
injury still exists, then retrograde pyelography should be 
undertaken as the gold standard investigation. 


CLASSIFICATION OF URETERIC INJURY 


The American Association for the Surgery of Trauma has 
classified ureteral injuries as shown in Box 14.3.’ 

Ureteral injury is usually the result of surgical 
misadventures; however, it does occasionally result from 
trauma, primarily gunshots. Hematuria will be present 
in 90% of traumatic ureteral injuries and 10% of surgical 
injuries. Diagnosis is made by demonstrating extravasation 
or obstruction on an excretory IVU with delayed films. 
A retrograde ureterogram can give precise preoperative 
localization. During a surgical procedure, suspicion of 
ureteral injury can be confirmed by giving 5 mL of indigo 
carmine IV and inspecting for bluish extravasation. 
Delayed diagnosis is usually suggested by flank pain, 
abdominal tenderness, fever, paralytic ileus with nausea 


Box 14.3: Classification of ureteral injury 


and vomiting and occasionally ureterocutaneous or 
vaginal fistula. 


MANAGEMENT OF URETERIC INJURY 


Incomplete or Partial Injuries of Ureter 


Incomplete or partial injuries of ureter can be defined 
as grade I-II lesions. Suspected cases of ureteric injury 
may be managed with ureteral stenting or by placement 
of a nephrostomy tube to divert urine. In some cases, 
the emergency nephrostomy may be more logical 
and retrograde examination of the upper tract may be 
performed electively, and during the same procedure the 
placement of the ureteric stent may be possible. 

Ureteral stenting is a minimally invasive technique 
to place a ureteric stent across the injury. This may 
allow secure drainage of the kidney and may reduce 
the subsequent risk of stricture. Stents may be placed in 
the ureter through an antegrade or retrograde fashion. 
Fluoroscopy and ureteropyelography with radiopaque 
contrast should be used to guide stent placement.’ 

Usually, the procedure should begin with the passage 
of a hydrophilic atraumatic guide wire across the damaged 
segment of ureter. As soon as there is access of guide wire 
across the site of the injury, an access catheter can be 
back loaded over the wire and passed across the injury. 
At this stage the hydrophilic wire can then be exchanged 
for a 0.038 inch wire, and the ureteric stent slipped over 
the guide wire. Stent should be left in place for at least 3-6 
weeks. Patient should have a follow-up dynamic renogram 
and IVP between 3 months and 6 months, or sooner if 
lateralizing flank pain develops. When there is an evidence 
of stricture that should be managed by endourological or 
open surgical techniques, as appropriate. 

Grade II or more severe type of ureteric injury may 
require immediate surgical exploration and primary 
closure of the ureteral ends over a stent may be 
recommended with placement of an external, nonsuction 
drain adjacent to the injury.’ 


Complete Ureteric Injuries 


‘These are grade II-V injuries: 

e Debridement of ureteral ends to fresh tissue 

e Spatulation of ureteral ends 

e Placement of internal stent 

e Watertight closure of reconstructed ureter with 
absorbable suture 

e Placement of external, nonsuction drain 

e Isolation of injury with peritoneum or omentum. 
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The type of reconstructive repair procedure chosen by 
the surgeon depends on the nature and site of the injury. 


Upper Third 


e Ureteroureterostomy 
e Transureteroureterostomy 
e Ureterocalycostomy. 


Middle Third 


e Ureteroureterostomy 
e Transureteroureterostomy 
e Boari flap and reimplantation. 


Lower Third 


e Direct reimplantation 
e Psoas hitch 
e Blandy cystoplasty. 


Complete 


e Tleal interposition 
e Autotransplantation. 


Ureteroureterostomy 


Ureteral ends are debrided and freshened and the ends 
are spatulated. Internal JJ stent is inserted and the ends are 
closed over the stent using an interrupted 4-0 vicryl suture 
as in the Figure 14.2. Before closure, a drain is placed at 
the site of the injury and a catheter is left in the bladder. 


Fig. 14.2: Ureteroureterostomy 


Urethral catheter can be removed after 2 days. Wound 
drain may be removed 2 days later if drainage is low. Stent 
should be removed after 6 weeks and a follow-up renogram 
and IVU should be obtained after 3 months to assess the 
patency of the repair. 


Ureterocalycostomy 


When the pelviureteric junction has been destroyed, the 
lower pole of the affected kidney may be amputated to 
expose the lower pole calyces. Distal ureteric can then 
be debrided, spatulated and anastomosed to the lower 
pole calyx over an internal stent using an interrupted 4-0 
vicryl suture. Stent should be removed after 6 weeks and a 
follow-up renogram and IVU should be obtained after 3-6 
months to assess the patency of the repair. 


Transureteroureterostomy 


In cases of extensive damage of the distal ureter, the distal 
end of the injured ureter is ligated. Proximal end is then 
transposed across the midline through a retroperitoneal 
window above the level of the inferior mesenteric artery. 
A transureteroureterostomy may be performed with the 
opposite ureter. Stent is placed from the ipsilateral kidney 
through the anastomosis, and down the distal contralateral 
ureter into the bladder. Watertight secured anastomosis 
is fashioned using an interrupted 5-0 vicryl suture as in 
Figure 14.3. 

Stent should be removed after 6 weeks and a follow-up 
renogram and IVP should be obtained after 3 months to 
assess the patency of the repair. 


4-0 sutures 


End-to-side 
anastomosis 


Fig. 14.3: Transureteroureterostomy 
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Ureteroneocystostomy with Boari Flap 


In this technique, the proximal ureteral end is debrided 
and spatulated. An inverter V or L-shaped flap is raised. The 
base of the flap is approximately 4 times wider than the tip 
of the flap. A submucosal tunnel is in the flap for tunneling 
of the ureter. Ureter is pulled through the submucosal 
tunnel in the flap and secured to the bladder mucosa using 
an interrupted 5-0 vicryl suture as in Figure 14.4. 

The flap is closed in a tubular fashion over the ureter. 
The anastomosis is secured with a stent. Bladder is then 
closed in two layers with 3-0 vicryl sutures. External, 
nonsuction drain should be placed at the site of the 
reimplant, which may be removed after 2-3 days along 
with the urethral catheter. Suprapubic catheter may be 
removed after a cystogram at 2 weeks, and the stent can 
be removed after 6 weeks. Intravenous urogram and 
renogram may be obtained 3 months thereafter to confirm 
the patency of the neocystostomy. 


Ureterocystostomy and Psoas Hitch 


In this procedure the proximal ureteral end is debrided 
and spatulated. The contralateral superior vesical pedicle 
may be divided to improve fundal mobility. Bladder is filled 
with 200-300 mL of normal saline via a urethral catheter 
and controlling stay sutures are placed. Traction suture is 
placed. Fundus of the bladder is mobilized. The bladder is 
stretched gently towards the ipsilateral psoas tendon. Two 
or three nonabsorbable 2-0 sutures are placed between 
the bladder wall and the tendon with care being taken to 
avoid the genitofemoral nerve. 


Fig. 14.4: Computed tomography urogram of a patient with 
Boari flap 


Now, the ureteroneocystostomy is then undertaken 
using either the Leadbetter-Politano or Lich-Gregoire 
techniques. Ureteric stent is placed across the reimplant 
and a suprapubic catheter is placed in the bladder. Bladder 
is then closed in two layers with 2-0 vicryl sutures in the 
line of the ureter, thus providing extra length to the hitch. 
Drain should be placed at the site of the reimplant and can 
be removed after 2 days. Urethral catheter can be removed 
at the same time. Suprapubic catheter may be removed 
after a cystogram at 2 weeks and the stent may be removed 
after 6 weeks. Intravenous urogram and renogram should 
be obtained 3 months thereafter to confirm the patency of 
the neocystostomy. Micturating cystourethrogram may be 
performed to check the presence of vesicoureteral reflex. 


Ileal Interposition Graft 


Ifalong segment of ureter is lost or damaged or in avulsion 
of ureter, the ureter can be totally replaced using the distal 
ileum. But the procedure is not suitable in patients with 
coincidental gastrointestinal disease, such as Crohn’s 
disease and in patients with impaired renal function. 

Twenty-five centimeter length of ileum is taken out of 
bowel continuity about 20 cm proximal to the ileocecal 
valve. The gastrointestinal continuity is restored with an 
ileoileal anastomosis using interrupted 3-0 seromuscular 
vicryl suture. Ileal segment is placed in the isoperistaltic 
orientation between the renal pelvis and the bladder. 
The ileopelvic and cystoileal end-to-end anastomosis 
are fashioned using 2-0 vicryl suture. Nephrostomy tube 
should be inserted into the ipsilateral kidney to decompress 
the affected upper tract. A catheter should be placed in the 
bladder. Nonsuction drains should cover the proximal and 
distal anastomosis, at the end of the reconstruction should 
be wrapped in omentum. 

Wound drains are usually removed after 2 days. 
Nephrostogram may be performed after 3 weeks; if no 
leakage is demonstrated, the nephrostomy can be clamped 
and then removed. The urethral catheter can be removed 
at 3-5 days. Intravenous urogram and renography are 
done at 3 months to see the patency. Electolyte estimation 
should be performed to see the levels of serum creatinine, 
chloride, bicarbonate and base excess, looking for 
evidence of hyperchloremic metabolic acidosis.’ 


Autotransplantation 


In cases of complete ureteral disconnection or 
avulsion should occur in the presence of coincidental 
gastrointestinal disease or impaired renal function then 
autotransplantation of the affected renal unit can be 
undertaken. Renal artery and vein are divided and ureter is 
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preserved. Renal perfusion is performed like what is done 
in renal transplantation. Kidney is moved to the pelvis and 
vascular continuity is restored using 6-0 prolene for the 
artery and 5-0 prolene suture for the vein. Lich-Gregoire 
extravesical neoureterocystostomy can then be fashioned 
with a stent. An external, nonsuction drain should be 
placed and a catheter inserted in the bladder. Drain tube 
can be removed after 2 days, if dry, and the catheter be 
removed after a cystogram at 2 weeks. Follow-up at 3 
months with IVU and renogram is recommended. 
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PRELUDE 


Lower genitourinary (GU) tract comprises of the urinary 
bladder, urethra and external genitalia. In a motor vehicle 
accident (MVA), traumatic forces can be transferred to 
the bladder by the seatbelt injuries which usually occur 
in patients with a full bladder. Blunt trauma involving 
fracture of pelvis is very much well known for the urethral 
injuries as a result of the road traffic injury. The stab injuries 
involving the gut are seen as a disaster. Many iatrogenic 
injuries are currently commonly seen involving the lower 
GU tract. Primary evaluation of the injured patient with 
GU trauma is similar to that of other trauma patients.'* 


MA Salam, Md Sayedul Islam 


CAUSES OF LOWER GENITOURINARY 
TRACT TRAUMA 


The urinary bladder injuries may occur due to bluntrupture 
of a distended bladder or penetrating injury. Urinary 
bladder injuries may be classified as intraperitoneal and 
extraperitoneal. The extraperitoneal bladder injuries are 
usually associated with pelvic fractures, especially pubic 
ramus. The intraperitoneal bladder injuries are rarely 
associated with pelvic fractures. 

Anterior urethra, particularly the bulbar urethral 
injury usually is caused by a straddle-type mechanism 
compressing the urethra between a hard object and the 
symphysis pubis.** 

The posterior urethral injury in blunt trauma is 
secondary to pelvic fractures. Penetrating and missile 
injury can also cause injury to the posterior urethra. 


PATHOPHYSIOLOGY OF LOWER 
GENITOURINARY TRACT TRAUMA 


Urinary bladder injuries commonly occur in association 
with blunt trauma. Almost 85% of these injuries occur with 
pelvic fractures, with the remaining 15% occurring with 
penetrating trauma and blunt mechanism, not associated 
with a pelvic fracture (i.e. full bladder blowout). 


Lower Genitourinary 
Tract Trauma 


In a road traffic accident, traumatic forces can be 
transferred to the bladder by the seatbelt; injuries usually 
occur in patients with a full bladder. Fully distended 
bladder can be ruptured by a light blow; however, an 
empty bladder is seldom injured, except by crushing or 
penetrating wounds.'®’ 

Extraperitoneal rupture of the bladder is associated 
with leakage of urine limited to the perivesical space. 
Intraperitoneal injury of the bladder is associated with 
urinary extravasation inside the peritoneal cavity. 

The urethral injury is predominantly a male problem. 
Male urethra is divided into the proximal (posterior) 
segment and the distal (anterior) segment by the 
urogenital diaphragm. Anterior urethra is further divided 
into membranous (sphincteric) and prostatic segments. 
About 3 cm long, the posterior urethra extends from the 
bladder to the urogenital diaphragm.”’ 

Posterior urethral injuries are mostly secondary to 
pelvic fractures, while injuries to the anterior urethra 
are caused by straddle-type (e.g. bicycles, skateboards) 
or penetrating (often self-inflicted) injuries. Most of the 
injuries of urethra are iatrogenic. 

The injuries to the external genitalia (i.e. the penis and 
the scrotum) are usually secondary to injuries caused by 
penetration, blunt trauma, continence or sexual pleasure- 
enhancing devices and self-inflicted. Traumatic injuries 
to the genitalia are uncommon in part because of the 
mobility of the penis and scrotum. Blunt phallic traumatic 
injury is usually of concern only with an erect penis when 
fracture of the tunica albuginea may result. In general, 
prompt surgical reconstruction of most penile injuries 
usually leads to adequate and acceptable cosmetic and 
functional results.” 


HISTORY 


History should be obtained regarding the time and 
mechanism of injury, e.g. the position of the patient in 
an MVA and whether restraints were used. Speed of the 
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vehicle and the manner in which the accident occurred 
provide information about the forces applied to the victim, 
which is also an important factor. Low speed vehicles are 
commonly found to be the cause of accidents, causing 
pelvic fracture and defects of the urethra. This fact explains 
the cause of the high incidence of urethral injuries in 
developing countries. The high speed motor vehicle will 
kill the victim quickly. 

The size of the stabbing weapon or the caliber of the 
gun and the distance from which it was discharged help 
in assessment. Patients with GU trauma symptoms are 
nonspecific and may be masked by or attributed to other 
injuries. 

Enquiry is done about suprapubic abdominal pain 
and the ability to void after the injury. Gross hematuria 
indicates lower tract injury. History of inability to void 
indicates the possibility of urethral trauma. 

History of psychiatric problems, use of penile rings and 
excessive sexual activity is pertinent in specific conditions, 
e.g. women on top position. A history of sudden pain, loss 
of erection and swelling is important. 


PHYSICAL EXAMINATION 


Always a high index of suspicion is needed. Any bruising 
or edema of the lower abdomen, perineum or genitalia 
indicates bladder injury. Urethral and bladder injuries 
should be suspected in patients with pelvic fractures and 
inability to void. If the bladder irrigation through a Foley’s 
catheter is not possible, bladder injury may be suspected. 

The most classic sign of urethral injury is blood at 
the meatus. Hematoma, penile or perineal edema may 
be present in anterior urethral injuries, while distended 
bladder may be present in posterior injuries. 

In injuries of external genital organs, the assessment 
of loss of skin, edema, angulations, level of mutilation 
and viability of mutilated segment is important. In scrotal 
injuries edema, loss of skin, discoloration and condition of 
testes should be noted. 


Laboratory Studies 


e Routine complete blood count, hematocrit and a 
platelet count 

e Prothrombin time and activated partial thromboplastin 
time to check for coagulopathy 

e Grouping and crossmatch of blood 

e Urine for routine tests. 


Imaging Studies 
X-ray 


X-ray of the pelvis to assess presence and extent of 
bony injury. 


Retrograde Urethrogram 


Retrograde urethrography is performed with water-soluble 
contrast material and preferably under fluoroscopy. When 
fluoroscopy is not available, multiple plain films are 
obtained with 10 mL injections of contrast material into 
the distal urethra. Demonstration of extravasated contrast 
material indicates urethral trauma. 


Retrograde Cystogram 


Usually a water-soluble contrast material is used and 
initially, 250 mL is introduced through the Foley’s 
catheter. Anteroposterior and lateral radiographs of the 
lower abdominal area is obtained. 

Demonstration of  flame-like — extravasations 
(sunburst) superior or lateral to the bladder indicates 
extraperitoneal rupture. Demonstration of extravasated 
contrast material throughout the peritoneal cavity, 
which could outline the bowel and fill the cul-de-sac and 
the paracolic gutters, indicates intraperitoneal rupture. 
Gross hematuria without extravasation indicates bladder 
contusion. The extravasation of contrast material into the 
bowel lumen or into the vagina is possible in penetrating 
trauma. 


Computed Tomography Scan of Abdomen and Pelvis 


In the diagnosis of bladder injuries, computed tomography 
scan of abdomen and pelvis carries low sensitivity. 


Ultrasonography 


Ultrasonography is used as a screening tool to indicate 
bladder wall abnormalities or presence of fluid in the 
abdomen but suffers from low sensitivity in excluding 
bladder injury. It is also used in assessing the condition 
of the testes. Ultrasonography may be useful in the 
acute setting of abdominal trauma as part of the focused 
abdominal sonography in trauma examination of the 
injured patient. 
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Simultaneous suprapubic cystography and retrograde 
urethrography is done in the following conditions: 

e Ifthe urethrogram is inconclusive and the patient still 
cannot void with a distended bladder, a suprapubic 
cystostomy catheter is inserted pending further 
investigation. 

e ‘This is the procedure of choice about a week after 
the injury. 


PREHOSPITAL CARE 


Advancement of prehospital care for the trauma patient is 

one of the biggest leaps forward in trauma care. Principles 

do not change with varying organ injuries. Paramedics 

quickly assess the patient and mechanism of injury, 

especially for patency of airway, breathing and circulation. 

e Establish an airway if needed and/or administer oxygen 

e Establish two intravenous lines with two large bore 
cannula 

e Take cervical spine precautions (e.g. hard collar, 
backboard) 

e Leave the scene as soon as possible and quickly 
transport the patient to the trauma center. 


PRINCIPLE OF MANAGEMENT OF LOWER 
URINARY TRACT TRAUMA 


It is always logical to explore, repair and drain a ruptured 
bladder. Injuries of the urethra, on the other hand, are best 
treated conservatively, by diverting a patient’s urine with a 
suprapubic cystostomy for 12 weeks, which will allow him 


to recover from any other injuries. Later, he may be treated 
by definite reconstruction of the urethra. 


Specialist Consultations 


Trauma surgeon should be consulted for associated intra- 
abdominal injuries. Urologist should be called in for lower 
GU tract injury. Orthopedic surgeon’s opinion should be 
obtained for management of frequently associated pelvic 
fractures. Other specialists, as injuries require, should be 
involved. 
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Urinary bladder may be subjected to injuries by accidental 
or iatrogenic trauma. Abdominal injuries that require 
surgical repair, 2% involves the bladder. The blunt or 
penetrating trauma of urinary bladder accounts for 
67-86% and 14-33% of bladder ruptures, respectively. 
Road traffic accidents are the most common cause (90%) 
of bladder rupture by blunt trauma. The bladder injury is 
caused by either penetrating trauma (usually gunshot) or 
blunt trauma (most commonly a motor vehicle accident). 
The likelihood of bladder injury varies according to the 
degree of bladder distention; therefore, a full bladder is 
more likely to become injured than an empty one.'* 

During the road traffic accident, traumatic forces can 
be transferred to the bladder by the seatbelt injuries, 
which usually occur in patients with a full bladder. Fully 
distended bladder can be ruptured by a light blow; 
however, an empty bladder is seldom injured, except by 
crushing or penetrating wounds.” 

Bladder rupture may be classified as either 
extraperitoneal with leakage of urine limited to the 
perivesical space or intraperitoneal, in which the 
peritoneal surface has been disrupted with concomitant 
urinary extravasations. Average rate of bladder injury in 
patients with pelvic fractures is about 10%. Motor vehicle 
accidents are the cause of the trauma in 97% of cases.*” 

Blunt trauma resulting in lower urinary tract injury is 
usually the result of a pelvic fracture. Pelvic fractures have 
an associated lower urinary tract injury in about 15% of 
cases, with most involving the bladder. Fractures of the 
pubic ramus are the most common type associated with 
lower urinary tract injury, with 20% producing bladder 
injury. Blunt trauma can produce extraperitoneal 
perforations from bone fragments (80% of cases) and 
intraperitoneal rupture with a full bladder (20% of 
cases). Hematuria is present in almost 100% with gross 
blood noted in greater than 90%. Abdominal pain is also 
commonly noted. 


K Sasidharan 


Urinary Bladder Injury 


High index of clinical suspicion, appropriate 
and reliable radiologic studies and prompt surgical 
intervention, when indicated, are the keys to successful 
diagnosis and management of bladder trauma. 


DIAGNOSIS OF BLADDER INJURY 


Patients have a history typical for pelvic trauma, which 

is fairly straightforward for motor vehicle collisions, 

deceleration injuries or assaults to the lower abdomen. 

When the patient is unconscious, family members or 

more often, emergency services personnel may be able to 

provide the history. 

e Bladder injury from the steering wheel or seatbelt 

e Deceleration injuries of the urinary bladder, falling 
from a great height 

e Assault to the lower abdomen by a sharp kick or blow 

e Penetrating injuries may be from high-velocity 
gunshots or sharp stab wounds. 


CAUSE AND PATHOPHYSIOLOGY 
OF BLADDER INJURY 


The deceleration injuries usually produce both bladder 
trauma and pelvic fractures. Approximately, 10% of the 
patients with pelvic fractures also have significant bladder 
injuries. The propensity of the bladder to sustain injury is 
related to its degree of distention at the time of trauma." 


Penetrating Trauma 


Gunshot injury or stabbing typifies penetrating trauma. 
Very often, concomitant abdominal and/or pelvic organ 
injuries are present. Fall from height over a sharp object 
may cause simultaneous rectal and bladder injury. This 
type of injury is typical and predominantly common in 
developing parts of the world.”* 
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Obstetric Trauma 


Prolonged labor or a difficult forceps delivery, persistent 
pressure from the fetal head against the mother’s pubis 
can lead to bladder necrosis leading to an obstetric fistula. 
This form of bladder injury is still a common problem in 
most of the developing countries in Asia, Africa and Latin 
America. 

Injury of the urinary bladder is reported in 0.3% 
of women undergoing a cesarean section. Abnormal 
scarring in second or subsequent cesarean section may 
cause obliteration of normal tissue planes and facilitate an 
inadvertent extension of the incision into the bladder. Ifthe 
injury remains unrecognized, it may lead to vesicouterine 
fistulas and other problems. 


Gynecologic Trauma 


Injury to bladder may occur during a vaginal or abdominal 
hysterectomy. Rough and blind dissection in the incorrect 
tissue plane between the base of the bladder and the 
cervical fascia results in bladder injury.2” 


Urologic Trauma 


Perforation of the bladder during a bladder biopsy, 
cystolitholapaxy, transurethral resection of the prostate 
or transurethral resection of a bladder tumor is not 
uncommon. Prevalence of bladder perforation is 
reportedly as high as 36% following bladder biopsy. 
Inadvertent insertion of vaginal tape is not an uncommon 
complication of tension-free vaginal tape application for 
stress urinary incontinence. Rupture of the bladder may 
also happen in patient with clot retention while trying 
to remove the clot through endoscope. A large bore thin 
walled plain catheter or a sucker tube connected with a 
Toomey syringe may be a very good and simple technique 
to evacuate the clots.!*"4 


Orthopedic Trauma 


During internal fixation of pelvic fractures, orthopedic pins 
and screws can commonly perforate the urinary bladder, 
particularly. Sometimes thermal injuries to the bladder 
wall may occur during the setting of cement substances 
used to seat arthroplasty prosthetics.”1°"” 


Associated Bowel Injuries 


In patients with bladder trauma due to a gunshot, the 
incidence of associated bowel injuries is reported as high 


as 83%. Colon injuries are reported in 33% of patients with 
stab wounds and vascular injuries are reported as high 
as 82% in patients with a penetrating trauma (with a 63% 
mortality rate). 


Pathophysiology 


The urinary bladder contusion is an incomplete or partial 

thickness tear of the bladder mucosa. A segment of the 

bladder wall is bruised or contused, resulting in localized 

injury and hematoma. Contusion typically occurs in the 

following clinical situations: 

e ‘The patients presenting with gross hematuria after 
blunt trauma and normal imaging findings. 

e ‘The patients presenting with gross hematuria after 
extreme physical activity. 

Urinary bladder may appear normal or teardrop- 
shaped on cystography. The bladder contusions are 
relatively benign, the most common form of blunt bladder 
trauma and are usually a diagnosis of exclusion. The 
bladder contusions are self-limiting and require no specific 
therapy, except for short-term bed rest until hematuria 
resolves. The persistent hematuria or unexplained lower 
abdominal pain requires further investigation. 

Alcoholic individuals who chronically imbibe a large 
quantity of fluids are susceptible to bladder injury. This 
type of injury may result from a combination of bladder 
over distention and minor external trauma. 


CLASSIFICATION OF BLADDER INJURY 


e Intraperitoneal bladder rupture 

e Extraperitoneal bladder ruptures 

e Combination of intraperitoneal and extraperitoneal 
ruptures. 


Intraperitoneal Bladder Rupture 


Intraperitoneal bladder ruptures (Fig. 16.1A) are described 
as large horizontal tears in the dome of the bladder. Dome 
is the least supported area and the only portion of the adult 
bladder covered by peritoneum. Mechanism of injury is 
a sudden large increase in intravesical pressure in a full 
bladder and when full, the bladder’s muscle fibers are 
widely separated and the entire bladder wall is relatively 
thin, offering relatively little resistance to perforation from 
sudden large changes in intravesical pressure. 

The intraperitoneal bladder rupture occurs as the 
result of a direct blow to a distended urinary bladder. 
The increase in intravesical pressure causes a horizontal 
tear along the intraperitoneal portion of the bladder wall. 
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Typically this type of injury is common among patients 
diagnosed with alcoholism or those sustaining a seatbelt 
or steering wheel injury. 

As urine may continue to drain into the abdomen, 
intraperitoneal ruptures may go undiagnosed from 
days to weeks. Abnormalities in blood chemistry (e.g. 
hypernatremia, hyperkalemia and acidosis, etc.) may 
occur as urine is reabsorbed from the peritoneal cavity. 
The patients may appear anuric and the diagnosis is 
established when urinary ascites are recovered during 
paracentesis. 

The intraperitoneal ruptures demonstrate contrast 
extravasation into the peritoneal cavity, often outlining 
loops of bowel, filling paracolic gutters and pooling 
under the diaphragm. Intraperitoneal bladder rupture is 
more common in children because of the relative intra- 
abdominal position of the bladder. The bladder usually 
descends into the pelvis by age of 20 years." 


Extraperitoneal Bladder Ruptures 


The traumatic extraperitoneal ruptures (Fig. 16.1B) are 
usually associated with pelvic fractures (89-100%). This 
is now generally agreed that the pelvic fracture is likely 
coincidental and that the bladder rupture is most often 
due to a direct burst injury or the shearing force of the 
deforming pelvic ring. 

The ruptures are usually associated with fractures 
of the anterior pubic arch, and they may occur from a 
direct laceration of the bladder by the bony fragments 
of the osseous pelvis. Anterolateral aspect of the bladder 
is typically perforated by bony spicules. Traumatic 
disruption of the bony pelvis and/or the puboprostatic 


Follows a blow 
to the abdomen 


ligaments also tears the wall of the bladder. It may be 
noted that the degree of bladder injury is directly related 
to the severity of the fracture. 

Classic cystographic finding is contrast extravasation 
around the base of the bladder confined to the perivesical 
space; flame-shaped areas of contrast extravasation are 
noted adjacent to the bladder. Bladder may assume a 
teardrop shape from compression by a pelvic hematoma. 
Starburst, flame-shape and feather-like patterns are also 
described. 

The contrast material extends to the thigh, penis and 
perineum or into the anterior abdominal wall and this 
extravasation will reach the scrotum when the superior 
fascia of the urogenital diaphragm or the urogenital 
diaphragm itself becomes disrupted. 

When the inferior fascia of the urogenital diaphragm 
is violated, the contrast material will reach the thigh and 
penis (within the confines of the Colles fascia). In some 
cases, contrast may extravasate into the thigh through the 
obturator foramen or into the anterior abdominal wall. 
Sometimes, the contrast may extravasate through the 
inguinal canal and into the scrotum or labia majora.'* 


Combination of Intraperitoneal and 
Extraperitoneal Ruptures 


The cystogram reveals contrast outlining the abdominal 
viscera and perivesical space. Penetrating injuries deserve 
special mention. Penetrating injury of the urinary bladder 
results from a high velocity bullet traversing the bladder, 
knife wounds or impalement by various sharp objects and 
all these may result in intraperitoneal, extraperitoneal or a 
combined bladder injury. 


Suprapubic tenderness and swelling 
Follows a fractured 


Figs 16.1A and B: Rupture of the bladder: (A) Intraperitoneal rupture; (B) Extraperitoneal rupture 
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COMPUTED TOMOGRAPHY SCAN 


Computed tomography (CT) scan is often the first test 
performed in patients with blunt abdominal trauma 
and may provide information on the status of the 
pelvic organs and osseous pelvis and has replaced 
conventional cystography as the most sensitive test for 
bladder perforation. If the urethra has been found to be 
normal and confirmed by a retrograde urethrogram with 
a dilute nonionic contrast. Perforations of bladder may 
be revealed, and the intraperitoneal and extraperitoneal 
nature of these ruptures can be determined. 


CYSTOGRAPHY 


Gold standard for imaging a suspected bladder injury is a 
well-performed cystography and it is preferable to perform 
the examination under fluoroscopy but commonly, clinical 
circumstances often do not permit this. Static cystography 
is satisfactory even when performed at the bedside with 
portable equipment. All patients with bladder trauma 
have multiple injuries and require abdominal or pelvic CT 
scans as part of their trauma evaluation. 


EXCRETORY UROGRAPHY 


Intravenous urography or excretory urography will only 
detect 15% of bladder injuries and is, therefore, inadequate 
workup. A “teardrop” bladder deformity suggests a 
massive pelvic hematoma.'*”! 


MANAGEMENT OF BLADDER RUPTURE 


Principle of Management of Lower 
Urinary Tract Trauma 


Rule of thumb is to explore, repair and drain a ruptured 
bladder. 


Expectant Medical Therapy 


Extraperitoneal ruptures can be managed safely with 
urethral or suprapubic catheter. The catheter for 10-15 
days and then a cystogram is performed to exclude any 
leak. Most extraperitoneal bladder injuries heal within 2-3 
weeks.” 


Surgical Therapy 


Intraperitoneal bladder rupture: Intraperitoneal bladder 
ruptures require surgical exploration, as these injuries 
do not heal with prolonged catheterization alone. Blood 


and urine continues to leak into the abdominal cavity. 
All patients should be explored and careful identification 
and careful tension-free repair of all injury should be 
performed. Bladder repair should be augmented with a 
suprapubic urinary diversion." 


Extraperitoneal extravasation: Urinary bladders 
injuries with extensive extraperitoneal extravasation are 
often repaired surgically and may decrease the length 
of hospitalization and potential complications, while 
promoting early recovery (Box 16.1). 


PENETRATING BLADDER INJURY 


Prompt surgical exploration should be performed. Integrity 
of the ureters should be confirmed with 5 mL of indigo 
carmine IV. Appearance of blue from the ureteral orifices 
should occur within 10 minutes. Suprapubic drainage 
should be provided by a large diameter (28-30F) Foley’s 
or Malecot catheter and Penrose drains placed around the 
bladder. One should resist the temptation to explore a large 
pelvic hematoma for the risk of massive bleeding.’® 


Intraperitoneal Ruptures and 
Extraperitoneal Ruptures 


Intraperitoneal ruptures demand immediate surgical 
exploration, repair of the bladder injury and suprapubic 
urinary diversion with a large diameter (28-30F) Malecot 
catheter. A thorough search has to be made to exclude any 
injury of abdominal organs. 

Extraperitoneal ruptures can be managed 
conservatively with simple catheter drainage (20-22F) 
and close monitoring in most instances. The catheter 
can generally be removed in 7-10 days, but only after a 
satisfactory follow-up cystogram. 


POSTOPERATIVE CARE 


A broad spectrum intravenous antibiotics to be continued 
until the patient is discharged. The pelvic drains are 
removed when the drainage output is minimal, usually 
within 48-72 hours. Suprapubic tube and indwelling 
urethral catheters should be for 2 weeks time and may be 
removed if cystography does not show any leak. 


Box 16.1: Complications of bladder injury 
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FOLLOW-UP 


The patient should be instructed to return within 7-10 
days for staple removal, and check the wound at that 
time. A cystogram should be performed within 10-14 
days after surgery. If the cystogram finding is normal, the 
urethral catheter may be removed. A voiding trial may be 
performed by clamping suprapubic catheter which may 
be removed eventually.?!™ 
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PRELUDE 


Male urethra is divided into the anterior and posterior 
sections by the urogenital diaphragm. Posterior urethra 
consists of the prostatic and the membranous urethra 
and the anterior urethra consists of the bulbar and penile 
urethra. In female, only the posterior urethra exists and the 
anterior urethra corresponds to the labia minora, which 
results from persistent separation of the urethral folds on 
the ventral surfaces of the genital tubercle (Fig. 17.1). 

Urethral injury is common in men and rare in women. 
All urethral injuries are associated with well-defined 
events, including major blunt trauma, such as caused 
by motor vehicle collisions or falls. The penetrating 
injuries in the area of the urethra may also cause urethral 
trauma. The well-known straddle injuries may cause both 
short-and long-term problems. The iatrogenic injury to the 
urethra from traumatic catheter placement, transurethral 
procedures or dilation is not uncommon. Anatomic 
localization to the posterior or anterior urethra determines 
their management. 

The urethral injuries can be classified into two 
categories based on the anatomical site of the trauma. 
Posterior urethral injuries are located in the membranous 
and prostatic urethra and most commonly related to major 
blunt trauma, such as motor vehicle collisions and major 
falls, and most of such cases are accompanied by pelvic 
fracture. 

Most common anterior urethral injuries are caused 
by blunt trauma to the perineum (straddle injuries) and 
many have delayed manifestation, appearing years later 
as a urethral stricture. Penetrating trauma to the urethra 
is rare, but iatrogenic injuries are quite common in both 
the segments of the urethra. Most are related to difficult 
urethral catheterizations.'* 


Sanjay Kulkarni, MA Salam 


APPLIED ANATOMY AND PATHOPHYSIOLOGY 


The male urethra is divided into anterior part of meatus, 
penile and bulbar portions and posterior part of 


Urethral Injury 


membranous and prostatic urethra. The anterior urethra is 
surrounded by corpora spongiosa and the narrowing of the 
urethral lumen due to spongiofibrosis is called a stricture. 
The posterior urethra is devoid of corpora spongiosa and 
the urethral narrowing is termed as stenosis. 

In the penile portion, the urethra lies in the center 
of spongiosa and in the bulbar portion the urethra lies 
dorsally in the spongiosa. So, dorsal urethrotomy causes 
less bleeding and is more popular compared to ventral 
urethrotomy during urethroplasty. Normal urethra is pink 
as the blood filled spongy tissue surrounds the urothelium. 
Spongiofibrosis does not allow the blood flow and urethra 
is white at the site of the stricture. Stricture due to trauma 
in the bulbar urethra can be treated by excision and end to 
end anastomosis as we have normal urethra on both sides 
of the trauma. 

In a nontraumatic bulbar stricture, we have white- 
strictured urethra and gray urethra between the white and 
pink normal urethra due to subepithelial spongiofibrosis. 
Anastomosis of the two gray urethras may lead to 
restricture formation later. 


Fig. 17.1: Anatomical sketch of male urogenital system 
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The bulbar urethra has blood supply from proximal to 
distal end with the bulbar arteries. It also gets blood supply 
in a retrograde fashion through the cavernosa into glans 
and penile urethra. It also gets blood supply laterally from 
cavernosa through circumflex vessels. When we mobilize 
the bulbar urethra from cavernosa the lateral blood 
supply is lost. If we transect the bulbar urethra the distal 
portion loses its proximal blood supply. And the distal 
spongiofibrotic urethra already has compromised blood 
flow. So, transection of bulbar urethra should be avoided 
whenever possible unless it is already transected by 
trauma. Bulbar urethra can be opened dorsally or ventrally 
with longitudinal urethrotomy. Ventral urethrotomy does 
not need mobilization of the bulbar urethra so Asopa’s 
technique of ventral urethrotomy and dorsal onlay graft 
work well. 


ETIOLOGY 


Urethral injury can be from blunt or penetrating injury. 
For the posterior urethra, blunt injuries are almost always 
related to massive deceleration events, such as falls from 
some distance or vehicular collisions. Most of these 
patients often have a pelvic fracture involving the anterior 
pelvis. The blunt injury to the anterior urethra most often 
results from a blow to the bulbar segment, such as occurs 
when straddling an object or from direct strikes or kicks to 
the perineum. 

The road traffic accidents, falls and crush injuries 
can cause pelvic fractures, which result in injuries to the 
posterior urethra. Approximately two-thirds (70%) of 
pelvic fractures occur because of motor vehicle accidents. 
Blunt trauma accounts for more than 90% of urethral 
injuries. The male posterior urethra is injured in 4-19% 
and the female urethra in 0-6% of all pelvic fractures.”*” 


Etiology of Anterior Urethral Injuries 


Blunt Trauma 


e Vehicular accidents 

e Fall astride (straddle) 

e Kicks in the perineum 

e Blows in the perineum from bicycle handlebars, tops 
of fences, etc. 


Sexual Intercourse 


e Penile fractures 
e Urethral intraluminal stimulation. 


Penetrating Trauma 


e Gunshot wounds 

e Stab wounds 

e Dog bites 

e External impalement 
e Penile amputations. 


Constriction Bands 


Paraplegia. 


latrogenic Injuries 


e Endoscopic instruments 
e Urethral catheters/dilators. 


MECHANISM OF INJURY 


Blunt Trauma 


Currently, this is understood that during crush or 
deceleration impact injury, the severe shearing forces 
necessary to fracture the pelvis, are transmitted to the 
prostato-membranous junction resulting in disruption of 
the prostate from its connection to the anterior urethra at 
the prostatic apex. 

Road traffic accidents, falls or blows cause most 
anterior urethral injuries and they are usually straddle- 
type injuries caused by blows of blunt objects against 
the perineum, such as bicycle handlebars or the top of a 
fence. During this type of accident, the relatively immobile 
bulbar urethra is trapped and compressed by a direct force 
on it against the inferior surface of the symphysis pubis.? 


Penetrating Trauma 


The penetrating trauma most often occurs to the penile 
urethra. Common cause includes gunshot and stab 
wounds. Medical injuries or iatrogenic injuries to the 
urethra occur when difficult urethral catheterization leads 
to mucosal injury with subsequent scarring and stricture 
formation. All transurethral procedures, such as prostate 
and tumor resections and cystoscopy and ureteroscopy, 
can also lead to urethral injury. 


Sex-related Trauma 


Penile fracture or rupture of the corpus cavernosum rarely 
occurs during intercourse and the urethra may be involved 
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in 20% of the cases. Penile fracture is best treated by 
surgical intervention and if urethra is involved the primary 
repair over a silicon catheter is indicated. 

Stimulation of the urethra with foreign objects has also 
been reported to cause anterior urethral trauma but they 
are short and incomplete urethral injury and may occur in 
the distal penile urethra. Intervention is rarely indicated 
and depends on the degree and extent of injury to the 
urethra. 


Urethral Trauma in Paraplegics 


Many individuals with paraplegia who use a condom 
catheter or a constriction device for urinary incontinence 
can cause severe ischemic injuries involving the penis and 
urethra. Cleavage of urethra is a common chronic injury 
of urethra in paraplegic patients who are on continued 
catheterization for a long time. During intermittent self- 
catheterization with a stiff Nelaton catheter, may cause an 
inadvertent urethral injury without the knowledge of the 
patient as they are not having pain sensation. 


CLINICAL ASSESSMENT 


The penetrating injuries to the anterior urethra usually 
result from gunshot wounds and involve the pendulous 
and bulbar urethral segments equally. They may be 
associated with penile and testicular injury and even may 
involve the rectum. All care should be taken to exclude 
other associated injury. 

The iatrogenic urethral injuries caused by instruments 
are by far the most common cause of urethral trauma. 
Ischemic urethral injuries related to cardiac bypass 
procedures are not infrequent and can result in long and 
fibrotic strictures. 

Female urethra is short and mobile, without any 
significant attachments to the pubic bone and as such they 
are less prone to be injured in pelvic trauma but in severe 
pelvic fractures, where bony fragments of the fractured 
pelvis can lacerate the urethra. The urethral injuries in 
females frequently extend into the bladder neck or vagina 
and often disrupt the normal continence mechanism. 


CLASSIFICATION OF URETHRAL INJURY 


The classification of urethral injury has been described in 
Table 17.1. 


PRESENTATION 


The diagnosis ofurethral injuries requires areasonably high 
index ofsuspicion in the setting of pelvic fracture, traumatic 


catheterization, straddle injuries or any penetrating injury 
near the urethra. The main symptoms include hematuria 
or inability to void. The physical examination may reveal 
blood at the meatus or a high-riding prostate gland upon 
rectal examination. Signs of extravasation of blood along 
the fascial planes of the perineum are another indication 
of injury to the urethra. 

The extravasation of blood or urine in a sleeve 
distribution along the penile shaft indicates that the injury 
is confined by Buck’s fascia and disruption of Buck’s 
fascia results in a pattern of extravasation limited only by 
Colles’ fascia and can extend to the coracoclavicular fascia 
superiorly and the fascia lata inferiorly. The situation 
results in a characteristic butterfly pattern of bruising in the 
perineum. Female patients with severe pelvic fractures; the 
presence of labial swelling may be an indicator of urethral 
injury and may be urinary extravasations and warrants 
immediate attention. 

On rectal examination, the pelvic hematoma associated 
with pelvic fractures often precludes the adequate 
palpation of a small prostate, particularly in younger 
men. Boggy mass is usually palpated without recognition 
of a prostate gland. Truly the rectal examination is more 
important tool to screen for rectal injuries, which can 
be associated with pelvic fractures and blood on the 
examination finger is suggestive of a rectal injury.*”° 


WORK-UP 


Retrograde urethrography (Fig. 17.2) is the standard 
imaging study for the diagnosis of urethral injury. It is 
performed using gentle injection of 20-30 mL of nonionic 
contrast media into the urethra. 

The static cystography allows for concurrent bladder 
injury to be excluded in the acute setting. When a delayed 
repairis being considered, voiding cystography (performed 


Table 17.1: Classification of urethral injury 


Description Appearance 


Elongation of the urethra without 
extravasation on urethrography 
Blood at the urethral meatus, no 
extravasation on urethrography 
Extravasation of contrast at injury 
site with contrast visualized in the 
urethra or bladder 

Extravasation of contrast at injury 
site without visualization of ante- 
rior urethra or bladder 
Extravasation of contrast at 

injury site without visualization 
of bladder 


Stretch injury 


Contusion 


Partial disruption of 


anterior or posterior 
urethra 

Complete disruption 
of urethra 


Complete disruption 
of posterior urethra 
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Fig. 17.2: Male patient with severe pelvic trauma, early ascending 
urethrography preceded by intravenous urography confirms 
urethral rupture with extravasation of contrast medium, subsequent 
surgery confirmed discontinuity at the site of rupture 


through the suprapubic catheter) demonstrates the 
bladder neck and prostatic urethral anatomy and allows 
for proper surgical planning.*!* 


ANTERIOR URETHRAL INJURIES 


Anterior urethral injuries are most often caused byastraddle 
fall or perineal trauma. Crushing of the bulbar part against 
the margin of the symphysis pubis results in contusion or 
laceration. This type of injury accounts for less than 10% 
of all urethral injuries. Patients typically present with a 
bloody urethral discharge and a perineal bruise (butterfly 
hematoma). A retrograde urethrogram may demonstrate 
extravasation below the urogenital diaphragm. 

Management requires suprapubic drainage for 1-3 
weeks if extravasation is noted. The catheter may be 
removed in 1 week if a voiding cystourethrography is 
normal. Occasionally, an extensive perineal hematoma 
with urinary extravasation will require primary surgical 
drainage. Stricture is the most common complication, 
which should be treated by its own way. 


POSTERIOR URETHRAL INJURIES 


Initial Management 


Decisions must be made in the context of other injuries 
and patient stability as these patients often have multiple 
injuries and management must be coordinated with other 


specialists, usually trauma, critical care and orthopedic 
specialists. The life-threatening injuries must be corrected 
first in any trauma algorithm. 

Traditional intervention for men with posterior 
urethral injury secondary to pelvic fracture is the 
placement of a suprapubic catheter for bladder drainage 
and subsequent delayed repair and proves to be the safest 
approach because it establishes urinary drainage and 
does not require either urethral manipulation or entrance 
into the hematoma caused by the fracture of the pelvis. 
Suprapubic catheter can be safely placed percutaneously 
with ultrasound guide or via an open approach with a 
small incision. 

Some advocate immediate realignment through 
a number of different techniques, although much 
controversy exists on this topic as this approach has the 
disadvantage of possible entrance into and contamination 
of the pelvic hematoma with ensuing hemorrhage and 
sepsis and later leads to further stricture formation. 
Endoscopic realignment using a combined transurethral 
and percutaneous transvesical approach may have the 
same outcome and as such, are not receommended.'*® 

Emergency or immediate urethroplasty of posterior 
injuries are not indicated because of poor visualization 
and the inability to assess accurately the degree of 
urethral disruption during the acute phase, characterized 
by extensive swelling and ecchymosis. Restricture, 
incontinence and impotence rate are higher with the other 
techniques described in these guidelines (impotence 56%, 
incontinence 21%, restricture 49%). 

The penetrating anterior urethral injuries should be 
explored. Urethral loss up to 2 cm in the bulbar urethra 
and up to 1.5 cm in the penile urethra can be repaired 
primarily via a direct anastomosis over a catheter with 
4/0 or 5/0 absorbable suture. Longer defects should 
be reconstructed with a staged procedure. Suprapubic 
urinary diversion can be accomplished with a suprapubic 
catheter during this interval. 


Delayed Urethroplasty 


The delayed urethroplasty is the procedure of choice and 
the gold standard for the treatment of posterior urethral 
distraction defects. The ultimate repair of the posterior 
urethralinjury can be performed 3-6 months after the event, 
when the pelvic hematoma has resolved and the patient’s 
orthopedic injuries have stabilized. This is carried out 
via a perineal approach and repair consists of mobilizing 
the urethra distally to allow a direct anastomosis or a 
substitution urethroplasty with oral mucous membrane or 
penile skin after excision of the stricture. 
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Figs 17.3A and B: Injury or damage to the urethra can heal with scar tissue that may cause a stricture 


If the prostatobulbar gap is longer than 2-3 cm as 
a result of a high dislocation of the prostate or when the 
available elongation of the mobilized urethra has been 
foreshortened by damage caused by a previous surgical 
procedure, the following procedures may be of help: 
e Midline separation of the proximal corporal bodies 
e Inferior pubectomy 
e Supracorporal urethral rerouting 
e Transpubic urethroplasty. 


FEMALE URETHRAL INJURIES 


The female urethral injuries are uncommon and the 
mechanism involves shearing of the urethra away from 
the pubic symphysis by the pelvic fracture and can be 
associated with significant vaginal and bladder injury. 
Placement of a urethral catheter is impossible or yields no 
urine and urethrography is difficult to obtain, the diagnosis 
is often clinical basis. Possible concomitant bladder injury 
must often be ruled out with CT cystography. 

Adequate drainage of the bladder must be established 
by placement of a suprapubic catheter followed by delayed 
evaluation and reconstruction.” 


COMPLICATIONS OF URETHRAL INJURY 


Most important complication following reconstruction of 
posterior injuries is recurrent stricture (Figs 17.3A and 
B). If managed with delayed urethroplasty techniques, 
recurrent stricture requiring major repeat operation 
should be observed in only 1-2% of patients. 


The continence rate approaches 100% in all series, 
particularly if the bladder neck is not involved. The 
potency status is probably related to the extent of the injury 
itself rather than the management of the problem. The 
complications of reconstruction of anterior urethral injuries 
are similar to those observed in posterior urethral repairs. 


OUTCOME AND PROGNOSIS 


Patients with urethral injuries may have an excellent 
prognosis when managed correctly. Problems arise 
if a urethral injury is unrecognized and the urethra is 
further damaged by attempts at blind catheterization 
even urethrocystoscopy. In those instances, future 
reconstruction may be compromised and recurrent 
stricture rate rises. When managed well, these men have 
an excellent outcome.” 


REFERENCES 


1. Sevitt S. Fatal road accidents. Injuries, complications and 
causes of death in 250 subjects. Br J Surg. 1968;55(7):481-505. 

2. Koraitim MM, Marzouk ME, Atta MA, et al. Risk factors and 
mechanism of urethral injury in pelvic fractures. Br J Urol. 
1996;77(6):876-80. 

3. Dixon CM. Diagnosis and acute management of posterior 
urethral disruptions. In: McAninch JW (Ed). Traumatic and 
Reconstructive Urology. Philadelphia: WB Saunders. 1996. 
pp.347-55. 

4. Perry MO, Husmann DA. Urethral injuries in female subjects 
following pelvic fractures. J Urol. 1992;147(1):139-43. 


10. 


11. 


12. 


13. 


14. 


Chapter 17 Urethral Injury 


Colapinto V. Trauma to the pelvis: urethral injury. Clin Ortho 
Rel Res. 1980;151:46-55. 

Webster GD, Mathes GL, Selli C. Prostatomembranous 
urethral injuries: a review of the literature and a 
rational approach to their management. J Urol. 
1983;130(5):898-902. 

Palmer KJ, Benson GS, Corriere JN. Diagnosis and initial 
management of urological injuries associated with 200 
consecutive pelvic fractures. J Urol. 1983;130(4):712-4. 

Clark SS, Prudencio RF. Lower urinary tract injuries 
associated with pelvic fractures. Diagnosis and management. 
Surg Clin North Am. 1972;52(1):183-201. 

Pokorny M, Pontes JE, Pierce JM. Urological injuries 
associated with pelvic trauma. J Urol. 1979;121(4):455-7. 
Hemal AK, Dorairajan LN, Gupta NP. Posttraumatic 
complete and partial loss of urethra with pelvic 
fracture in girls: an appraisal of management. J Urol. 
2000;163(1):282-7. 

Colapinto V, McCallum RW. Injury to the male posterior 
urethra in fractured pelvis: a new classification. J Urol. 
1977;118(4):575-80. 

Turner-Warwick R. Observations on the treatment of 
traumatic urethral injuries and the value of the fenestrated 
urethral catheter. Br J Surg. 1973;60(10):775-81. 

Basta AM, Blackmore CC, Wessells H. Predicting urethral 
injury from pelvic fracture patterns in male patients with 
blunt trauma. J Urol. 2007;177(2):571-5. 

Devine PC, Devine CJ. Posterior urethral injuries associated 
with pelvic fractures. Urology. 1982;20(5):467-70. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


Chapple CR, Png D. Contemporary management of 
urethral trauma and the post-traumatic stricture. Curr Opin 
Urol.1999;9(3):253-60. 

Moore EE, Cogbill TH, Jurkovich GJ, et al. Organ injury 
scaling. III: Chest wall, abdominal vascular, ureter, bladder 
and urethra. J Trauma. 1992;33(3):337-9. 

Goldman SM, Sandler CM, Corriere JN, et al. Blunt urethral 
trauma: a unified, anatomical mechanical classification. J 
Urol. 1997;157(1):85-9. 

Al-Rifaei M, Eid NI, AlRifaei A. Urethral injury secondary 
to pelvic fracture: anatomical and functional classification. 
Scand J Urol Nephrol. 2001;35(3):205-11. 

Koraitim MM. Posttraumatic posterior urethral strictures in 
children: a 20-year experience. J Urol. 1997;157(2):641-5. 
Koraitim MM. Pelvic fracture urethral injuries: 
unresolved controversy. J Urol. 1999;161(5):1433-41. 
Gomez RG, Castanheira ACC, McAninchJW. Gunshotwounds 
to the male external genitalia. J Urol. 1993;150(4):1147-9. 
Pontes JE, Pierce JM. Anterior urethral injuries: four 
years of experience at the Detroit general hospital. J Urol. 
1978;120(5):563-4. 

Armenakas NA, McAninch JW. Acute anterior urethral 
injuries: diagnosis and initial management. In: McAninch JW 
(Ed). Traumatic and Reconstructive Urology. Philadelphia: 
WB Saunders 1996.pp.543-50. 

Lim PH, Chng HC. Initial management of acute urethral 
injuries. Br J Urol. 1989;64(2):165-8. 

McAninch JW. Traumatic injuries to the urethra. J Trauma. 
1981;21(4):291-7. 


the 


155 


Chapter 


18 


PRELUDE 


Penile injuries are usually the result of crush injuries 
of penis by moving belt or machine injury, penetrating 
trauma from bullets or stab wounds and strangulation 
injury from constricting rings. The penetrating trauma 
to the external genitalia is frequently associated with 
complex injuries of other organs. Children often become 
victim of penetrating injuries most frequently seen after 
falls on sharp objects. The amputation of the penis may be 
accidental due to machine belt injury, which may cause 
avulsion of the entire organ. Amputation of penis is often 
self-inflicted, especially during psychotic episodes in 
some psychiatric patients.!? 

Sometimes genital bites from humans and animal 
can occur. The wound is likely to become infected with 
Streptococci, Staphylococcus aureus, Haemophilus species 
and other anaerobes. The possibility of transmission of 
viruses (e.g. hepatitis B, hepatitis C, human immuno- 
deficiency virus) following human bites is much 
less common but should be considered especially in 
risk groups. 

Moving belt and machine injury are common in 
developing world. Loose clothing is caught by the moving 
machine belt which results in devastating injury of male 
genital organs. This injury commonly causes degloving 
injury of penis and scrotum. In some cases the entire penis 
and testis is avulsed out. 

Objective of treatment for penile trauma are: 
e Preservation of penile length 

e Preservation of erectile function 

e Preservation of voiding function 

e Preservation of normal anatomy. 

Injury to the penis may concomitantly involve the 
urethra. Fracture of the corpora cavernosa can occur from 
blunt trauma during a state of tumescence; commonly 
occurs in women on top situation. The extent of injury 
is often readily apparent from physical exam. If Buck’s 
fascia is intact, hematoma will be confined to the penis, 
whereas disruption of Buck’s fascia will allow spread of 


MA Salam, SM Mahbub Alam 


Penile Injuries 


the hematoma under Colles’ and Scarpa’s fascia into the 
perineum and abdominal wall, respectively. A retrograde 
urethrogram and corpus cavernosography may be 
necessary to localize the injury.™* 


COMMON INJURIES OF PENIS 


e Fracture of penis 

e Penile amputation 

e Penetrating injury of penis 
e Penile soft tissue injury. 


Penile Fracture 


Fracture of the penis is the traumatic rupture of the 
corpus cavernosum. This is relatively uncommon and 
is considered a urologic emergency. Accidental sudden 
blunt trauma or abrupt lateral bending of the penis in 
an erect state can break the tunica albuginea, resulting 
in a fractured penis. This injury typically may occur with 
woman on top position, when the erected penis slips out 
of the vagina and strikes against the symphysis pubis or 
perineum. Penile fracture may involve one or both corpora, 
and concomitant injury to the penile urethra may occur in 
20% cases. The urethral trauma is more common when 
both corpora cavernosa are injured. The other potential 
causes include, masturbation or any other mechanical 
trauma that causes forcible breaking of an erect penis. 

The fracture penis can usually be diagnosed based 
solely on history and physical examination findings, 
however; in equivocal cases, diagnostic cavernosography 
or magnetic resonance imaging (MRI) should be 
performed. Bleeding through meatus may be associated 
with concomitant urethral injury which may need a 
retrograde urethrographic studies. Typically the patients 
describe a popping, cracking or snapping sound with 
immediate detumescence. They may report minimal 
to severe sharp pain, depending upon the severity of 
injury.*° 
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Physical Examination 


In penile fracture, the normal external penile appearance 
is completely deformed because of significant penile 
deformity, swelling and ecchymosis. 

Significant soft tissue swelling of the penile skin, 
penile ecchymosis and hematoma formation is apparent. 
The penis is abnormally curved, often in an S shape and 
is often deviated away from the site of the tear secondary 
to mass effect of the hematoma (Fig. 18.1). When the 
urethra has also been damaged, blood is present at the 
meatus. 

When the Buck’s fascia is intact, penile ecchymosis 
is confined to the penile shaft but if the Buck’s fascia has 
been violated, the swelling and ecchymosis are contained 
within the Colles’ fascia, a butterfly-pattern ecchymosis 
may be observed over the perineum, scrotum and lower 
abdominal wall. Swelling and ecchymosis of the penis 
gives an eggplant sign.®® 

The patients with concomitant urethral trauma report 
hematuria upon post injury voiding and about 30% of men 
with penile fractures demonstrate blood at the meatus. 
Extravasations of urine may be a late complication of 
unrecognized urethral injury. Retrograde urethrography is 
required whenever urethral injury is suspected. 


Treatment of Penile Fracture 


Immediate surgical intervention is indicated in presence 
of obvious clinical signs and symptoms of penile 
fracture. Intervention is also warranted if diagnostic 
cavernosography or MRI findings are equivocal but 
clinical findings are consistent with penile fracture. Care 


Fig. 18.1: Typical look of a fractured penis 


must be taken to avoid left and right dorsal nerves, which 
are the main sensory nerve supply; they are located at the 
10 o'clock and 2 o’clock positions.° 


Principles of Surgical Intervention in Penile Fracture 


e To optimize the surgical exposure 

e To evacuate the hematoma 

e To identify the site of injury 

e To correct the defect in the tunica albuginea 
e To repair the urethral injury if any. 

Different types of incisions are generally used to repair 
penile fracture: 

e Incision over the defect 
e Degloving incision 
e Perineal incision. 

The incision directly over the identified defect in 
the corpus cavernosum allows minimal dissection of 
neurovascular bundles but does not afford complete 
evaluation of both the corpora cavernosa and the corpus 
spongiosum (Fig. 18.2). 

Circumferential-degloving incision begins 1 cm 
proximal to the coronal sulcus and affords excellent 
exposure but decreased penile sensation has been 
reported with this type of incision. The perineal incision 
provides excellent exposure of the base, root and dorsal 
surfaces of the penis. If necessary, the entire penis may be 
averted inside out to maximize surgical exposure.*!°"! 

On exploration both corpora cavernosa and the corpus 
spongiosum are thoroughly inspected. When both corpora 
are injured, the corpus spongiosum must be carefully 
inspected because of the high associated incidence of 
urethral injury. When the corpus spongiosum is involved, 


Fig. 18.2: Repair of the corpora cavernosa 
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both corpora cavernosa must be thoroughly examined for 
possible injury. 

Encountering a corporal hematoma, the Buck’s fascia is 
opened and the hematoma is evacuated. Upon evacuating 
the hematoma, a defect in the tunica will be apparent. 

Some time, an intraoperative injection of methylene 
blue into the corpora helped reveal the tunical injury 
and thereby reduced unnecessary tissue dissection 
and operative time and simplified the repair. Surgical 
techniques involved may include trimming of the edges of 
the tunica albuginea carefully and a watertight closure is 
preferred with 3/0 or 4/0 monofilament nylon or proline. 
Care must be taken to provide buried knots so that they 
will not be palpable through the skin. On completion of 
the repair, an artificial saline induced erection may be 
induced to test for watertight integrity. 

Injury of urethra is rarely seen in penile fracture. 
However, an associated partial and complete urethral 
transection is observed, which may require primary 
anastomosis over a 14-Fr Foley’s catheter. In addition to 
above, urinary diversion via a suprapubic tube may be 
considered. The urethral defect may be repaired with 4-0 
chromic or 5-0 polydioxanone sutures in an interrupted 
fashion and leave an indwelling urethral catheter for 
2-3 weeks. 


Complications of Penile Fracture 


Common complications of penile fracture include 
erectile dysfunction (which may result from a cavernosal- 
spongiosal shunt), abnormal penile curvature, painful 
erections, formation of fibrotic plaques, penile abscess, 
urethrocutaneous fistula, corporourethral fistula and 
painful nodules along the site ofinjury. The patients treated 
with conservative management have a significantly higher 
incidence of complications compared with those treated 
with prompt surgical therapy.” 


Prognosis and Outcome of Penile Fracture 


The penile fracture is a urologic emergency that 
may have devastating physiologic and psychological 
consequences. But, with prompt diagnosis and expedient 
surgical management, outcomes remain excellent and 
complications are minimal. 


Penile Amputation 


Penile amputation involves the complete or partial 
severing of the penis. These injuries are commonly seen 


in Asian developing countries where people wear loose 
garments and at sometime caught by the moving belt of 
a rice mill or other similar machine resulting in degloving 
injury of penis, laceration of penis or can result in an 
amputation (Fig. 18.3). Case reports were seen that a 
moving bicycle chain can produce similar accidents of the 
penis and scrotum commonly in children. 

The amputation of the penis may be accidental but 
is often self-inflicted in some psychiatric patients. Self- 
inflicted penile amputation is most commonly seen in 
these patients (51%) who have acutely decompensated 
schizophrenia. High rate of incidence of amputations 
also may result from an attempt at gender conversion in 
transsexuals. It may also happen due to assault. 


Diagnosis of Amputated Penis 


The diagnosis of the amputated penis is obvious on 
physical examination. Thorough history must be taken to 
determine the patient’s mental state and if self-mutilation 
is responsible for the amputation. Search and examination 
of the penis and remnant (if available) are important to 
determine the possible reconstructive options. Condition 
of the graft bed is closely inspected. The patients with 
adequate penile stumps may avoid reimplantation 
altogether, although this is typically a less desirable 
outcome. A penile length of 2-3 cm may be reasonable for 
directing the urinary stream while standing to void and for 
sexual intercourse. Detailed physical examination can be 
performed in the operating room with the patient under 
anesthesia. 


Fig. 18.3: Accidental amputation of penis with a rice mill belt injury 
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Management of Penile Amputation 


Improvements in microsurgery (Figs 18.4A to E), 
tissue transfer techniques and tissue handling have 
expanded the repertoire of the urologic surgeon and 
the genitourinary reconstructive surgeon in particular. 
Urologists are now able to reconstruct congenital and 
acquired genitourinary abnormalities with greater facility. 
Microvascular and microneurosurgical techniques 
have made it possible to construct a phallus that allows 
a patient to stand to void and to enjoy erotic sensibility 
and because the phallus has both erotic sensibility and 
a protective function, the patient can eventually have a 
prosthetic implantation that allows an acceptable sexual 
life.” 


Recognition and recovery of amputated organ within 
6 hours may allow the surgeon to reimplant the organ by 
microvascular surgical techniques. 


Complications of Penile Amputation 


Penile amputation can be associated with penile curvature, 
erectile dysfunction, hematoma, abscess formation, 
urethrocutaneous fistula, corporourethral fistula and 
urethral stricture. 


Outcome and Prognosis of Penile Reimplantation 


The erectile function remains in up to 86% of patients 
who undergo microvascular reanastomosis of the dorsal 


Figs 18.4A to E: Principle and technique of microscopic replantation after amputation of the penis: the typical appearance of a penile 
amputation injury. (A) The urethra, corpora cavernosa and dorsal neurovascular structures are defined and minimally debrided; (B) A 
spatulated urethral anastomosis is completed; (C and D) Microvascular coaptation of the dorsal vein, dorsal artery and dorsal nerves 
should be accomplished; (E) Coverage is accomplished with the native skin 
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arteries and penile sensation is maintained in up to 82% 
of patients. The urethral strictures develop in up to 20% of 
patients. Necrosis of skin may occur in approximately half 
of all the patients but is often superficial. 


Penetrating Injury of Penis 


The penetrating injury is the result of ballistic weapons, 
shrapnel or stab injuries to the penis. These injuries are 
most commonly seen in wartime conflicts and are less 
common in civilian medicine and can involve one or both 
corpora, the urethra or penile soft tissue alone. 


Management of Penetrating Injury of Penis 


Technique for repair of penetrating injuries to the penis 
is similar to that used in penile fracture. The incisions can 
be made directly over the site of injury, as an inguinal 
scrotal approach or as a circumferential degloving of 
the penis. If the underlying Buck’s fascia is exposed, the 
corpora cavernosa and spongiosum are examined. All 
hematoma is evacuated and the injury site inspected. 
All necrotic areas should be débrided. The urethral 
transactions are completed with primary anastomosis 
over a Foley’s catheter using 4-0 or 5-0 polydioxanone. 
Indwelling urethral catheter should be left in place for 
2 weeks. 


Complications and Outcome of Penetrating Injury of Penis 


Penetrating corpora cavernosal injuries carry with them 
complications of erectile dysfunction, penile curvature, 
fibrotic plaques, abscess and painful erections. Patients 
with urethral injuries risk corporourethral fistula, urethral 
stricture and urethrocutaneous fistula. 

The patients who undergo exploration and primary 
repair of penetrating penile injury have good outcomes 
with a potency rate up to 80-100% of patients in some 
series. Obviously, this depends on the degree and severity 
of injury. 


Penile Soft Tissue Injury 


The penile soft tissue injury can result through multiple 
mechanisms, including infection, burns, human or animal 
bites and degloving injuries that involve machinery. 
Avulsion of penile skin (degloving injuries), skin distal to 
the injury is usually dead and should be removed followed 
by a split thickness skin graft or scrotal pedicle flap may 
be used for reconstruction of the defect. Penetrating 
penile injury deep to Colles’ fascia should be explored 


for repair of injury. Rupture of the corpora cavernosa 
should be explored immediately with evacuation of clots, 
debridement and repair of the tunica albuginea.® 014 


Management of Penile Soft Tissue Injury 


In all cases, individualized approaches should be used 
for each patient, which may include debridement of all 
necrotic tissue and the wound must be copiously irrigated 
with normal saline. 

Puncture type wounds to the corpora cavernosa and 
urethra may be associated with bite injury and can be 
repaired in a similar fashion to that of penetrating injuries 
of the penis. All care should be used to avoid closure of 
skin and subcutaneous tissues in the case of a human 
bite and injuries with signs of gross infection. Avulsion 
injuries often require skin grafting and a circumferential 
compressive dressing to the penis may be required until 
the graft takes if skin grafting has been performed. 


Complication of Soft Tissue Injury of Penis 


Infection is the most frequent complication of soft tissue 
injury of penis and may be an important factor for graft 
failure in patients who undergo split thickness skin 
grafting. Erectile dysfunction, penile curvature and fistula 
are associated risks. 


Prognosis and Outcome of Soft Tissue Injury of Penis 


Long term results of soft tissue injury to the penis are 
somewhat limited. Outcomes depend on the mechanism 
of injury and volume of tissue loss. The wound contracture 
and cosmesis is a concern in those who undergo skin 
grafting. Sensation of the penis is decreased in those with 
significant penile skin loss. 


STRANGULATION OF PENIS BY METALLIC 
OR NONMETALLIC RING 


Use of foreign bodies on the penis is used by adults for 
sexual gratification and occurs in children as an innocent 
childish play. Types of strangulating objects are metallic 
and nonmetallic. Sometimes in children, strangulating 
objects are usually nonmetallic and are applied as an 
innocent childish experiment. In adults, they are used 
by some to achieve sexual gratification. Metallic objects 
are usually put on the penis by the patient himself or his 
female partner to get a longer sexual erection in adults.’ 
Encircling ring around the penis causes a urological 
emergency because of the fact that it may induce a venous 
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Figs 18.5A and B: Encircling metal object around the penile base causing venous congestion distal to the obstructing metal ring. 


The ring was removed successfully by aspiration of the congested venous blood (Source: Joshi P, Patwardhan P, Gadgil D, et al) 


obstruction that leads to distal edema and a situation like 
venous priapism as there is obstruction of venous outflow 
(Figs 18.5A and B). Usually such foreign bodies are 
required to be removed under anesthesia either by cutting 
the encircling object using metal cutters or an attempt to 
dislodge the object by reducing the venous priapism. This 
can be accomplished by aspirating the venous congestion 
by a 19 gauge needle.'® 
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Genital trauma is common in men than in women. The 
injury to scrotum may occur as avulsions, blunt and 
penetrating trauma and injury to scrotal contents (i.e. 
testes, epididymis, spermatic cord contents and urethra). 
Aspecial type scrotal injury is seen in developing countries 
where people wear loose dress and work with running 
bare wheels for example rice mills, irrigation pump in 
fields, etc. The mechanism of injury involves the catching 
of loose clothes in the running bare wheels and results in 
the degloving injury of the scrotum and penis. 


MA Salam, Mirza M Hasan 


MECHANISM OF INJURY 


The blunt trauma to the scrotum can cause testicular 
dislocation, testicular rupture and/or subcutaneous scrotal 
hematoma. In conveyer belt injury, the clothes are trapped 
which causes scrotal skin avulsion. Normally, the testis is 
spared and remains unaffected. Traumatic compression 
of the testis against the inferior pubic ramus or symphysis 
results in a rupture of the tunica albuginea of the testis. It 
has been estimated that a force of approximately 50 kg is 
necessary to cause testicular rupture.'” 


ETIOLOGY 
Avulsions 


e Conveyer belt injury 

e Animal attacks 

e Motor vehicle accidents 

e Assaults (sharp or high velocity missiles) 

e = Self-mutilation 

e Machinery-related 
accidents. 


(ie. industrial, agricultural) 


Scrotal and 
Testicular Injury 


Blunt Injury 

e Sports 

e Motor vehicle accidents 
e Assault. 


Penetrating Injury (Low Velocity) 


e Assaults 

e Animal attacks 

e Motor vehicle accidents 
e Self-mutilation. 


Penetrating Injury (High Velocity) 


Military casualties. 


PRESENTATION 


History of the accident or incidence is usually typical. 
Scrotal acute pain, swelling, bruising and any associated 
skin loss from injury are the primary clinical findings. 
Abdominal pain, nausea, emesis and difficulty with 
voiding may occur. The site, mechanism or circumstance 
of injury is sometimes a matter of embarrassment and 
often results in delayed presentation and may complicate 
diagnostic evaluation. 


PHYSICAL EXAMINATION 


The physical examination may include a general survey, 
with particular attention to abdominal and pelvic injuries 
and areas of bruising inferior to the area caudal to the 
anterior superior iliac spine. Examination of the primary 
sex organs should be done carefully and should include 
inspection of the urethral meatus for blood that may 
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indicate urethral injury. Scrotal examination must include 
location of swelling, skin ecchymosis, skin loss, etc. The 
testis and epididymis should be carefully examined for 
tenderness, swelling, etc. 


Laboratory Studies 


Wound cultures for aerobic, anaerobic and fungal 
organisms from all avulsing or penetrating injuries should 
be done. Routine urinalysis to assess for hematuria. The 
urine culture may aid in therapy. 


IMAGING OF SCROTAL INJURY 
Ultrasound and Color Doppler 


Hematomas, intratesticular and extratesticular are easily 
detected with ultrasound. An intact tunica albuginea 
may prevent the scrotal exploration in the face of 
abnormal physical examination. In testicular torsion, 
vascular avulsion or cord thrombosis, US scan may 
show nonperfusion of testis and should be immediately 
explored. 


Retrograde Urethrography 


Retrograde urethrography is indicated in suspected 
urethral injury, findings of hematuria or rectal examination 
that demonstrates hematoma or an abnormal prostate, 
e.g. high-riding prostate and impalpable prostate. 


Computed Tomography Scan 


Abdominopelvic computed tomography provides 
information regarding testis dislocation, anatomy of 
intratesticular structures and some indication of perfusion. 


GENERAL MANAGEMENT OF SCROTAL INJURY 


Avulsions or penetration injuries must be treated with 
clindamycin 900 mg intravenous eight hourly and high- 
dose penicillin to cover Clostridium perfringens and 
tetanus. Second, treatment of animal bites should cover 
Streptococcus species and Pasteurella multocida. The 
antibiotic of choice is amoxicillin/clavulanate (500-875 
mg per os PO bid). The antibiotic regimen can be changed 
after getting the culture sensitivity reports. 


Principle of Management of Scrotal Injury 


If the loss of scrotal skin is partial, it is usually managed 
by debridement, excision of any islands of remnant 


full-thickness scrotal wall and primary closure with 
absorbable sutures. The unique vascularity of the dartos 
layer and its significant compliance and elasticity allow 
scrotal flaps to be used to cover substantial areas of loss. In 
cases of the complete scrotal loss, skin grafting is required. 
Meshed split-thickness grafting may allow fluid to drain. In 
some cases the testis may be placed in the thigh pouches 
made in the medial side off the thigh.*° 

Minor blunt injury needs a close evaluation of the 
preoperative ultrasound because testis tumors can be 
present in this fashion. In confusion, inguinal exploration 
with early securing of the cord structures is a logical option. 

Major or severe blunt scrotal injury sometimes 
results in scrotal necrosis and surgical management is 
based upon testicular integrity. The scrotum should be 
explored immediately for thorough debridement. Primary 
closure of the tunica albuginea may be possible in some 
cases. Avulsion of epididymis or rupture often requires 
epididymectomy. 

Stab wounds ofscrotum orlow-velocity missiles require 
exploration above and below any sign of injury and often 
necessitate a combined inguinal and scrotal approach. 
Aim of the urgent exploration is to control bleeding and 
preservation of testis. A microvascular reanastomosis 
can be performed in case of complete transection 
(Fig. 19.1).3467 

In high-velocity missile injury of scrotum carries a 
higher incidence of subsequent vascular thrombosis 


Fig. 19.1: A case with severe injury to left buttock, thigh, scrotum, 
left testis and penis. In this case, the left testicle underwent 
orchiectomy and left corporal cavernosal repair was performed 
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and increased tissue loss. All devitalized skin should be 
debrided till the bleeding edges are seen. 


COMPLICATIONS OF SCROTAL INJURY 


Most important complication is infection and it may 
preclude the existence of necrotic tissue and may 
necessitate repeat debridement. Presence of crepitus 
on the scrotum signals Fournier’s gangrene, which is a 
synergistic infection of gram-negative and gram-positive 
anaerobes and aerobes. This condition is a surgical 
emergency and requires aggressive debridement to 
prevent death. 


TESTICULAR TRAUMA 


The principle of management of the testicular injury is 
to preserve the testis. It is possible to achieve the goal in 
most of the cases because of the unique blood supply. 
The testicular artery is the principal artery, rising from the 
aorta. The cremasteric artery is a branch of the inferior 
epigastric artery. The deferential artery is a branch of the 
superior vesical artery. These three vessels collateralize 
and anastomose in the spermatic cord and near the 
epididymis. In severe scrotal or testicular penetrating 
trauma or severe blunt trauma, these protective features 
are insufficient to prevent injury to the testis properly.°* 

Traumatic injury is relatively uncommon. Traumatic 
testicular injuries may be classified as blunt trauma, 
penetrating trauma and degloving trauma. Accidental 
blunt trauma refers to injuries sustained from objects 
applied with any significant force to the scrotum which 
may include a cricket ball injury, baseball injury of a kick 
to the groin, etc. Testicular injuries sustained from sharp 
objects or high-velocity missiles are surgical injuries and 
require urgent exploration. Avulsion injuries of scrotum 
or degloving injuries may be dangerous when a testicle is 
trapped in heavy machinery. 


INDICATIONS FOR SCROTAL EXPLORATION 


Indications for scrotal exploration include the following: 

e Uncertainty in diagnosis after appropriate clinical and 
radiographic evaluations 

e Clinical findings consistent with testicular injury 

e Disruption of the tunica albuginea 

e Absence of blood flow on sonograms with Doppler 
studies. 
Clinical hematoceles that are expanding or of 

considerable size (e.g. > 5 cm) should be explored. 

When the testis is fractured, testicular debridement and 


surgical closure of the tunica albuginea are necessary. All 
penetrating testicular trauma usually requires exploration 
to ascertain the degree of injury, to assess the integrity 
of the testis and to identify and control intratesticular 
hemorrhage. 

Scrotal degloving injuries often require debridement. 
In this situation, skin closure may or may not be possible 
in the acute setting. The absence of blood flow on 
ultrasonography may be present due to torsion, avulsion 
or infarction and in such condition wrapping of the testis 
with warm saline-soaked gauze may be performed to 
improve blood flow. The tunica albuginea may be sharply 
incised to assess the viability of the testis. Fresh bleeding 
signifies adequate blood flow to the testis. Return of dark 
black fluid is indicative of testicular infarction. In such 
a situation, orchiectomy is mandatory. In a devastating 
injury when bilateral orchiectomy is required, sperm- 
preserving measures (e.g. microsurgical sperm extraction 
or milking of the ductus) must be considered.”* 

In cases of the extrusion of testicular contents, 
the contaminated seminiferous tubules are resected. 
Debridement of the seminiferous tubules involves 
resecting as little of the tubules as possible. Tunica 
albuginea is closed with a running, fine, absorbable suture. 
The wound may be closed after placing a small Penrose 
drain in situ. 


FOLLOW-UP 


The patient should return for a follow-up visit within 1 
week to review the scrotal area for incision integrity and 
the presence of infection. It is usual that there will be some 
residual postsurgical edema and swelling which may 
require few weeks to resolve. 


COMPLICATIONS OF TESTICULAR INJURY 


Complications associated with untreated testicular 
injuries are significant and include the following: 

e Testicular infarction 

e Testicular torsion 

e Testicular or epididymal abscess 

e Infertility 

e Testicular necrosis 

e Testicular atrophy. 


Complications associated with scrotal exploration and 
testicular salvage may include the following: 

e Bleeding 

e Infection 

e Loss of testis. 
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Testicular atrophy may occur in spite of a successful 


repair and may be most likely the result of the original 
testicular trauma rather than efforts to salvage the 
testis.°%° 
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Urinary tract infection (UTI) is defined as significant 
bacteriuria in the presence of symptoms. This common 
clinical entity accounts for a significant number of 
emergency department (ED) visits. It affects an estimated 
20% of women sometimes during their lifetimes. Urinary 
tract infections are common and potentially disabling. 
Successful emergent management includes proper 
specimen collection, use of immediately available 
laboratory testing for presumptive diagnosis, appreciation 
of epidemiological and host factors that may identify 
patients with clinically inapparent upper UTI and 
selection of appropriate antimicrobial therapy with 
recommendations for follow-up care.!? 


PATHOGENESIS OF URINARY TRACT INFECTION 


Microorganisms can reach the urinary tract by 
hematogenous or lymphatic spread, but there is an 
abundant clinical and experimental evidence to show 
that the ascent of microorganisms from the urethra is 
the most common pathway leading to UTI, especially 
organisms of enteric origin (i.e. Escherichia coli and other 
microorganisms of Enterobacteriaceae). This provides a 
logical explanation for the greater frequency of UTIs in 
women than in men and for the increased risk of infection 
following bladder catheterization or instrumentation. 

A single insertion of a catheter into the urinary bladder 
in ambulatory patients results in urinary infection in 1-2% 
of cases. Indwelling catheters with open-drainage systems 
result in bacteriuria in almost 100% of cases within 3-4 
days. The use of a closed-drainage system including a valve 
preventing retrograde flow delays the onset of infection but 
ultimately does not prevent it. It is thought that bacteria 
migrate within the mucopurulent space between the 
urethra and catheter, and this may lead to the development 
of bacteriuria in almost all patients within about 4 weeks. 


Urinary Tract Infections 


Hematogenous infection of the urinary tract is 
restricted to a relatively few uncommon microbes, such 
as Staphylococcus aureus, Candida spp, Salmonella spp 
and Mycobacterium tuberculosis, which cause primary 
infections elsewhere in the body. Candida albicans readily 
causes a Clinical UTI via hematogenous route, butis also an 
infrequent cause of an ascending infection if an indwelling 
catheter is present or following antibiotic therapy. 

The concept of bacterial virulence or pathogenicity 
in the urinary tract infers that all bacterial species are 
not equally capable of inducing infection. The more 
compromised are the natural defense mechanisms (e.g. 
obstruction, bladder catheterization), the fewer will be 
the virulence requirements of any bacterial strain to 
induce infection. This is supported by well-documented 
in vitro observation that bacteria isolated from patients 
with a complicated UTI frequently fail to express virulence 
factors. The virulence concept also suggests that certain 
bacterial strains within a species are uniquely equipped 
with specialized virulence factors, e.g. different types of 
pili, which facilitate the ascent of bacteria from the fecal 
flora, introitus vaginae or periurethral area up the urethra 
into the bladder, or less frequently, allow the organisms to 
reach the kidneys to induce systemic inflammation.** 


BACTERIOLOGICAL EVIDENCE OF INFECTION 


The number of bacteria is considered relevant for the 
diagnosis of UTI.° In 1960, Kass developed the concept 
of “significant bacteriuria” [> 105 colony-forming units 
(cfu)] in the context of pyelonephritis in pregnancy. 
Although this concept introduced quantitative 
microbiology into the diagnostics of infectious diseases 
and is therefore still of general importance. It has recently 
become clear that there is no fixed number of significant 
bacteriuria, which can be applied to all kinds of UTIs and 
in all circumstances. As described, the following bacterial 
counts are clinically relevant: 
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e More than 103 cfu of uropathogen/mL of a midstream 
sample of urine (MSU) in acute uncomplicated cystitis’ 
in awoman 
e More than 104 cfu uropathogen/mL of MSU in acute 
uncomplicated pyelonephritis in a woman® 
e More than 105 cfu uropathogen/mL of MSU in a 
woman 
e More than 104 cfu uropathogen/mL of MSU in a 
man or in straight catheter urine in women in a 
complicated UTI. 
Eosin methylene blue agar is a differential medium for 
coliform bacteria (Fig. 20.1). Coliforms (most commonly 


Fig. 20.1: Eosin methylene blue agar showing growth of coliform 
bacteria 


E. coli), which are lactose fermenters form blue-black 
colonies with a “greenish metallic sheen” (Figs 20.2A and B). 
Nonlactose fermenting gram-negative bacteria will form 
colonies with a variety of colors, from clear to pink or 
amber. The medium is slightly inhibitory to gram-positive 
bacteria, some of which may form small, pin-point 
colonies. 


PATHOPHYSIOLOGY 


The urinary tract is normally sterile. Uncomplicated UTI 
involves the urinary bladder in a host without underlying 
renal or neurologic disease. The clinical entity is termed 
as cystitis and represents bladder mucosal invasion, most 
often by enteric coliform bacteria, e.g. E. coli, that inhabits 
the periurethral vaginal introitus and ascend into the 
bladder via the urethra (Fig. 20.3). 

Sexual intercourse may promote this migration and 
cystitis is common in otherwise healthy young women. 
Urine is generally a good culture medium; factors 
unfavorable to bacterial growth include a low pH (5.5 or 
less), a high concentration of urea and the presence of 
organic acids derived from a diet that includes fruits and 
protein. Organic acids enhance acidification of the urine. 

Frequent and complete voiding has been associated 
with a reduction in the incidence of UTI. Normally, a thin 
film of urine remains in the bladder after emptying and 
any bacteria present are removed by the mucosal cell 
production of organic acids. If the mechanisms of the 
lower urinary tract fail, upper tract or kidney involvement 
occurs and is termed as pyelonephritis. Host defenses at 
this level include local leukocyte phagocytosis and renal 


Figs 20.2A and B: Coliform bacteria (Escherichia coli) 
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Bladder 


Wiping from back 
to front after a 
bowel movement 
may force germs 
into urethra 


Fig. 20.3: Appropriate hygiene and cleanliness of the genital area 
may help reduce the chances of introducing bacteria through 
the urethra. Females are especially vulnerable to this because the 
urethra is in close proximity to the rectum. The genitals should 
be cleaned and wiped from front to back to reduce the chance of 
dragging E. coli bacteria from the rectal area to the urethra 


production of antibodies that kill bacteria in the presence 
of complement. 

Complicated UTI occurs in the setting of underlying 
structural, medical or neurologic disease. Patients with a 
neurogenic bladder or bladder diverticulum, and postmeno- 
pausal women with bladder or uterine prolapse have an 
increased frequency of UTI due to incomplete bladder 
emptying. This eventually allows residual bacteria to over- 
whelm local bladder mucosal defenses. The high urine 
glucose content and the defective host immune factors in 
patients with diabetes mellitus also predispose to infection.’ 


Classification of urinary tract infection: 

e First infection 

e Unresolved bacteriuria during therapy 
commonly due to a resistant organism) 

e Recurrent UTI. 


(most 


PREVALENCE OF URINARY TRACT INFECTION 


One in five adult women experiences UTI at some point. 
It is an exceedingly common, clinically apparent and 
worldwide patient problem. 


RISK, MORTALITY AND MORBIDITY 


Although simple lower UTI (cystitis) may resolve sponta- 
neously, effective treatment lessens the duration of 
symptoms and reduces the incidence of progression to 
upper UTI. 


Pyelonephritis is associated with substantial 
morbidity including systemic effects, such as fever, 
vomiting, dehydration and loss of vasomotor tone 
resulting in hypotension. Complications include acute 
papillary necrosis with possible development of ureteral 
obstruction, septic shock and perinephric abscess. Chronic 
pyelonephritis may lead to scarring with diminished renal 
function (Fig. 20.4). 

Younger patients have the lowest rate of morbidity and 
mortality. Unfortunately, despite appropriate intervention, 
1-3% of patients with acute pyelonephritis die. Factors 
associated with unfavorable prognosis are general 
debility and old age, renal calculi or obstruction, recent 
hospitalization or instrumentation, diabetes mellitus, 
sickle cell anemia, underlying carcinoma, intercurrent 
chemotherapy or chronic nephropathy (Fig. 20.5). 


THE NATURAL HISTORY OF URINARY 
TRACT INFECTION 


Of neonates, boys are slightly more likely than girls 
to present with UTI as a part of gram-negative sepsis 
syndrome. The incidence in preschool children is 
approximately 2% and is 10 times more common in girls. 
Five percent of school-aged girls experience UTI. It is rare 
in school-aged boys. 

The largest group of patients with UTI is adult women. 
The incidence increases with age and sexual activity. Rate 
of infection is high in postmenopausal women because of 
bladder or uterine prolapse causing incomplete bladder 
emptying; loss of estrogen with attendant changes in 
vaginal flora; loss of Lactobacilli, which allows periurethral 
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Fig. 20.4: Extensive destruction of renal parenchyma due to 
long-standing suppurative inflammation 


Section 5 Genitourinary Infection 


Fig. 20.5: The natural history of reflux nephropathy. UTI scarring 
of the kidneys that is often found in early childhood along with 
backward flow of urine up the ureters 


colonization with gram-negative aerobes, such as E. coli, 
and higher likelihood of concomitant medical illness, such 
as diabetes. 

UTI is unusual in males younger than 50 years, and 
symptoms of dysuria and frequency are usually due to 
urethral or prostatic infection. In older men, however, the 
incidence of UTI rises because of prostatic obstruction or 
subsequent instrumentation. 


History of Urinary Tract Infection 


The history of UTI is as follows: 

e The classical symptoms of UTI in the adult are 
primarily dysuria with accompanying urinary urgency 
and frequency. A sensation of bladder fullness or lower 
abdominal discomfort is often present. 

e Bloody urine is reported in as many as 10% of cases 
of UTI in otherwise healthy women; this condition is 
called hemorrhagic cystitis. 

e Fevers, chills and malaise may be noted, though these 
are associated more frequently with upper UTI (i.e. 
pyelonephritis). 

e Due to the referred pain pathways, even simple 
lower UTI may be accompanied by flank pain and 
costovertebral angle tenderness. In the ED, assume 
that the presence of these symptoms represents 
upper UTI. 

e A history of vaginal discharge suggests that vaginitis, 
cervicitis or pelvic inflammatory disease is responsible 
for symptoms of dysuria; therefore, a pelvic 
examination must be performed. 


e Important additional information includes a history of 
prior sexually transmitted disease and multiple current 
sexual partners. 


PHYSICAL EXAMINATION 


Physical examination of UTI includes the following: 

e Most adult women with simple lower UTI have 
suprapubic tenderness with no evidence of vaginitis, 
cervicitis or pelvic tenderness (e.g. cervical motion 
tenderness, which suggests pelvic inflammatory 
disease). 

e The patient appears uncomfortable but not toxic. 

e ‘The patient with pyelonephritis usually appears ill and, 
in addition to fever, sweating and prostration, is found 
to have costovertebral angle (flank) tenderness in the 
majority of cases. 

e The clinician may appreciate signs of dehydration, such 
as dry mucous membranes and tachycardia, as well as 
poor vascular tone due to gram-negative bacteremia, 
which may be manifested by clammy extremities and 
profound orthostatic hypotension. 


DIFFERENTIAL DIAGNOSES 


e Chancroid 

e Pregnancy, UTI 

e Constipation 

e Renal calculi 

e Dysfunctional uterine bleeding 
e Sexual assault 

e Dysmenorrhea 

e Toxic shock syndrome 

e Endometriosis 

e Vaginitis 

e Gonorrhea 

e Vulvovaginitis 

e Ovarian cysts 

e Ovarian torsion 

e Pelvic inflammatory disease 
e Cervicitis and Chlamydia. 


WORK-UP OF URINARY TRACT INFECTION 


Laboratory Studies 


If UTI is suspected, the initial test of choice is urinalysis. 

Work-up includes: 

e Urinalysis (pyuria, bacteriuria and hematuria) 

e Urine culture and sensitivity (before and during 
therapy) 
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e Complete blood count (CBC) (significant neutrophilic 
leukocytosis) 

e Blood culture (frequently positive) 

e Intravenous urogram (IVU) will demonstrate possible 
complicating factors such as stones or obstruction 

e Renal ultrasound will demonstrate stones, 
hydronephrosis or an abscess 

e Voiding cystourethrography should be delayed several 
weeks because transient reflux often occurs during an 
acute infection. 


Specimen Collection 


The midstream-voided technique is as accurate as 
catheterization if proper technique is followed. Woman 
may be instructed to remove her underwear and sit facing 
the back of the toilet. This promotes proper positioning of 
the thighs. The patient is advised to spread the labia with 
one hand and cleanse from front to back with povidone- 
iodine or soaped swabs with the other hand, then pass a 
small amount of urine into the toilet, and finally urinate 
into the specimen cup (Fig. 20.6). 

The use of a tampon may allow a proper specimen if 
heavy vaginal bleeding or discharge is present. Pyuria, as 
indicated by a positive result of the leukocyte esterase dip 
test, is found in the vast majority of patients with UTI. This 
is an exceedingly useful screening examination that can be 
performed promptly in any ED setting. However, appreciate 
that low-level pyuria [6-20 white blood cells (WBCs) 
per high power field (HPF) microscopy on a centrifuged 
specimen] may be associated with an unacceptable level 
of false-negative results with the leukocyte esterase dip 
test, as Propp et al. found in an ED setting. 


Fig. 20.6: Collection of urine into a specimen cup 


Predisposing factors of UTI are: 

e Diabetes mellitus 

e Neurogenic bladder 

e Pregnancy 

e Congenital urinary tract anomalies 
e Vesicoureteric reflux. 

In female with appropriate symptoms and examination 
findings suggestive of UTI, urine microscopy may be 
indicated despite a negative result of the leukocyte esterase 
dip test. Current emphasis in the diagnosis of UTI rests 
with the detection of pyuria. As noted, a positive leukocyte 
esterase dip test suffices in most instances. According to 
Stamm et al. levels of pyuria as low as 2-5 WBCs per HPF 
in a centrifuged specimen are important in the female 
with appropriate symptoms. The presence of bacteriuria is 
as significant. A positive result on the nitrate test is highly 
specific for UTI, typically because of urease-splitting 
organisms, such as Proteus species and occasionally E. 
coli; however, it is very insensitive as a screening tool as 
only 25% of patients with UTI have a positive nitrite test 
result. Low-level or occasionally, frank hematuria may 
be noted in otherwise typical UTI; however, its positive 
predictive value is poor. 

Visual inspection of the urine is not helpful. 
Cloudiness of the urine is most often due to protein or 
crystal presence and malodorous urine may be due to 
diet or medication use.’°! 


Urine dipstick: A small flat plastic stick containing a row 
of several chemically-treated paper squares is dipped into 
a urine sample (Fig. 20.7). The squares then turn different 
colors. By comparing the stick with a color chart, one can 
tell whether the urine contains various substances, such as 


Fig. 20.7: Urine dipstick 
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protein, blood, glucose (or sugar, suggesting diabetes) and 
WBCs (suggesting infection). 

Historically, the definition of UTI was based on the 
finding at culture of 100,000 colonies/mL of a single 
organism. However, this definition misses up to 50% of 
symptomatic infections; so the lower colony rate of greater 
than 1,000 colonies/mL is now accepted. Obtain a urine 
culture in patients suspected of having an upper UTI 
and a complicated UTI as well in those in whom initial 
treatment fails. If the patient has had a UTI within the last 
month, relapse is probably caused by the same organism. 
Relapse represents treatment failure. Reinfection occurs in 
1-6 months and usually is due to a different organism (or 
serotype of the same organism). Obtain a urine culture for 
patients who are reinfected. 

A CBC is not that helpful in differentiating upper 
from lower UTI or in making decisions regarding 
admission. However, leukopenia in hosts who are older or 
immunocompromised is an ominous finding. 

Renal function testing is not indicated in most episodes 
of UTI. It may be helpful in patients with known urinary 
tract structural abnormality or renal insufficiency. Renal 
function testing also may be helpful in older, particularly 
ill-appearing hosts or in hosts with other complications. 


The causes of bacterial persistence are: 
e Infected stones 

e Chronic bacterial prostatitis 

e Unilateral infected atrophic kidney 
e Vesicovaginal or intestinal fistulas 

e Ureteral anomalies 

e Infected diverticula 

e Foreign bodies (stents, catheters) 

e Infected urachal cyst 


Fig. 20.8: CT scan showing hydronephrotic kidney (arrow) 


e Infected medullary sponge kidney 
e Infected papillary necrosis 
e Ureteral stump following nephrectomy. 


Imaging Studies 


In the vast majority of patients with UTI, no imaging studies 
are indicated. If findings are suggestive of nephrolithiasis 
complicating the presentation, an IVU, CT scan or renal 
ultrasound should be obtained to exclude the possibility 
of obstruction or hydronephrosis (Fig. 20.8). 

Recent studies with dynamic CT (helical CT scan) are 
proving that this study provides information similar to 
that yielded by IV pyelography without the need for dye 
injection. Dynamic CT scans also can serve as a convenient 
screen for abdominal aortic aneurysm masquerading as 
UTI or renal colic.'*" 

Additional testing may be indicated ifthe diagnosis is in 
doubt. For example, a pelvic ultrasound may be indicated 
in a young woman with pelvic tenderness, cervical 
discharge and unilateral adnexal tenderness to evaluate 
for a tubo-ovarian abscess; a CT scan may be indicated 
in the elderly patient whose presentation is not typical 
for UTI but who has abdominal pain, lower abdominal 
tenderness and pyuria (Fig. 20.9). 


TREATMENT 


With few exceptions, the vast majority of adult patients 
with UTI presents to the ED on an ambulatory basis. 
Exceptions include the immunocompromised or elderly 
patient who has UTI manifesting as a sepsis syndrome 
with circulatory insufficiency. In this situation, mental 
status changes (e.g. confusion) or profound weakness may 


Fig. 20.9: Ultrasound scan showing a feature of chronic cystitis 
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prompt paramedical transport to the hospital. Findings 
of hypotension, tachycardia and delayed capillary refill 
require IV fluid resuscitation in the field. 


Emergency Department Care 


Intravenous antibiotic therapy should be started without 
delay after cultures are sent. Ceftriaxone, ceftazidime 
and cefuroxime are good choices initially until culture 
and sensitivity results are available. Obstructive uropathy 
noted on IVU or ultrasound must be relieved. Fever 
will often persist for 2-5 days despite sterile urine and 
antibiotic therapy. However, ifthe urine continues to show 
infection, immediate re-evaluation should be instituted to 
rule out obstruction, abscess or inappropriate antibiotic 
selection." If the patient’s symptoms have resolved after 5 
days course” of IV antibiotics, he or she may be switched 
to PO medication for an additional 10-14 days of therapy. 

Significant posturine residue is the single most 
important factor in recurrent UTI. Currently vaccination 
against E. coli is available in cases of male chronic 
prostatitis and is important cause of recurrent UTI, 
which may be treated with conventional antibiotic 
therapy with tamsulosin (Flowmax). Circumcision will 
prevent HIV infusion. 

Oral therapy with an antibiotic effective against gram- 
negative aerobic coliform bacteria, such as E. coli, is the 
principal treatment intervention in patients with UTI. The 
patient with an uncomplicated presumed lower UTI or 
simple cystitis who has symptoms of less than 48 hours’ 
duration may be treated with one of the following agents 
for a total of 3 days: 

The Infectious Disease Society of America 
recommends the use of co-trimoxazole double strength 
as first-line therapy in patients without an allergy and 
in areas where resistance is not high (> 15%). Reserving 
the use of fluoroquinolones for complicated infections 
or cases with documented drug resistance may help 
decrease the incidence of bacterial resistance to drugs in 
the fluoroquinolone class. These drugs must be avoided in 
pregnancy. Nitrofurantoin macrocrystals and amoxicillin/ 
clavulanate (e.g. Augmentin) can be used in these cases.° 

If the patient has intense dysuria offering a bladder 
analgesic, such as melipramin or tolterodine, for 1-2 daysis 
a considerate gesture on the part of the treating physician. 
Avoid use, if the patient has a sulfa allergy. Many authors 
advise stressing the intake of plenty of fluids to promote a 
dilute urine flow.'® 

Pregnant, otherwise healthy women with no evidence 
of an upper UTI should be treated with a 14-day course 
of a cephalosporin, as most obstetrics authorities prefer 


prolonged treatment even in the absence of signs of 
upper tract disease.” More recently, many authors have 
recommended a 10- to 14-day course of nitrofurantoin 
macrocrystals (e.g. Macrodantin) as a preferred first- 
line agent due to increased resistance to cephalosporins. 
Pregnant patients should be treated for all episodes of 
pyuria or bacteriuria, regardless of the fact whether 
they have symptoms. Successful outpatient treatment 
of a subset of pregnant patients with clinically evident 
pyelonephritis has been reported. They must be less than 
24 weeks’ pregnant, hemodynamically stable and able 
to tolerate oral fluids and medications. A urine culture 
should be performed in all pregnant patients. 


Sulfamethoxazole and Trimethoprim (Cotrim)'??' 


These drugs inhibit bacterial synthesis of dihydrofolic acid 
by competing with para-aminobenzoic acid. This results 
in inhibition of bacterial growth. Antibacterial activity 
of sulfamethoxazole-trimethoprim”’ includes common 
urinary tract pathogens, except Pseudomonas aeruginosa. 


Peri-intercourse Prophylaxis 


In those women who note a clear association between 
sexual intercourse and UTI, a dose of antibiotics either 
immediately before or after coitus can significantly reduce 
the rate of reinfection. It is not necessary to take more than 
one dose per day. 


Intermittent Self-Start Therapy 


Women with relatively infrequent recurrent UTI (3-4 per 
year) may be given a standing prescription for a short 
course of oral antibiotics that can be started at the first 
sign of a UTI. Usually 3-5 days of therapy are effective. 
Some authors have suggested that a urine specimen be 
collected by the patient prior to starting therapy and 
brought to the physician’s office the next day to assure 
sensitivity to the antibiotic (some obtain a specimen 
post therapy as well to assure eradication of infection). 
Although this approach has many merits, it is often 
impractical. It is reasonable to advise patients to start 
treatment at the first sign of infection.””°° 


Low-Dose Long-Term Antimicrobial Prophylaxis 


Women with frequent UTI may benefit from a daily low 
dose ofan oral antimicrobial agent. This will help to prevent 
infections and may lead to the resolution of colonization of 
the perineum or urethra with uropathic bacterial species. 
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Numerous studies have shown this to be an effective and 
well-tolerated mode of therapy, with recurrence decreased 
by as much as 95%. Prophylactic therapy requires only 
a low dose of antibiotic at bedtime for a 4-12-months 
course. Unfortunately, when prophylactic therapy ends, a 
significant proportion of women will experience return of 
UTI and may need lengthy courses of prophylaxis.**” 

Trimethoprim 100 mg, trimethoprim-sulfa single- 
strength tablets, nitrofurantoin 50-100 mg or a 
fluoroquinolone at a low dose daily are good choices 
for long-term prophylaxis. It is important to keep in 
mind that patients receiving long-term prophylaxis with 
nitrofurantoin® are at risk for developing interstitial 
pneumonitis and hepatitis, and should be monitored. The 
riskincreases with age and is more common in women over 
the age of 50. Postmenopausal women are also at increased 
risk for UTI, and in many cases hormone-replacement 
therapy, which can be instituted in conjunction with the 
patient’s primary care physician, may reduce the rate of 
reinfection.**! 


Ciprofloxacin (Cipro) 


Ciprofloxacin may be indicated for pseudomonal 
infections and infections due to multidrug-resistant 
gram-negative organisms. Dose 250-500 mgPO bid; for 
simple cystitis, administer 3 days; for complicated UTI/ 
pyelonephritis, administer 10-14 days. 


Precautions with ciprofloxacin: In prolonged therapy, 
perform periodic evaluations of organ system functions 
including renal, hepatic and hematopoietic; patients with 
renal function impairment may require dose adjustment; 
prolonged or repeated antibiotic therapy may result 
in bacterial or fungal overgrowth of nonsusceptible 
organisms, resulting in secondary infections; take 
appropriate measures to prevent further complications. 


Ceftriaxone 


Ceftriaxone is a third-generation cephalosporin that 
has broad gram-negative spectrum, lower efficacy 
against gram-positive organisms and higher efficacy 
against resistant organisms. By binding to one or more 
of penicillin-binding proteins, it arrests bacterial cell 
wall synthesis and inhibits bacterial growth. It is useful 
as outpatient IV treatment for pyelonephritis and for 
complicated or upper UTI. Comparable third-generation 
cephalosporins with broad gram-negative antibacterial 
activity are also acceptable. When pseudomonal coverage 
is an issue, consider using ceftazidime. 


Dose: Depending on the type and severity of infection, 
administer 1-2 g IV qd or divided bid; not to exceed 
4 g/day Pediatric doses: More than 7 days; 25-50 mg/kg IV 
as single dose; not to exceed 125 mg/day. 

Infants and children: 125 mg IV as single dose plus 
doxycycline serious infection; 50-75 mg/kg/day IV divided 
q 12 h; not to exceed 2 g/day.” 


Cephalexin 


This is a first-generation cephalosporin that inhibits 
bacterial growth by inhibiting bacterial cell wall synthesis. 
It is bactericidal and effective against rapidly growing 
organisms forming cell walls. 

Dose: 250-1000 mg PO q 6h for 10-14 day; not to exceed 
4 g/day. 


Amoxicillin and Clavulanate (Augmentin) 


This is a drug combination that treats bacteria normally 
resistant to beta-lactam antibiotics. 
Dose: 500 mg PO q 12h or 250 mg PO q 8h. 


Nitrofurantoin (Furadantin) 


It is a synthetic nitrofuran that interferes with bacterial 
carbohydrate metabolism by inhibiting acetyl coenzyme 
A. At low concentrations (5-10 mcg/mL), it acts as 
bacteriostatic. At higher concentrations, it acts as 
bactericidal. 

Dose: 50-100 mg/d PO q6h 

Sustained release: 100 mg PO bid 


Precautions: Precautions should be taken with 
nitrofurantoin. It may cause severe and irreversible 
peripheral neuropathy that can be fatal; renal 
impairment, diabetes, electrolyte imbalance, anemia 
and vitamin B deficiency increase the risk of this adverse 
effect; prolonged use may result in fungal or bacterial 
overgrowth of resistant or nonsusceptible organisms; 
interstitial pneumonitis or pulmonary fibrosis can 
develop insidiously; hepatitis, cholestatic jaundice and 
hepatic necrosis occur rarely.’ 


Further Outpatient Care 


The vast majority of patients with simple uncomplicated 
UTI may receive care as outpatients. Transfer is rarely 
an issue for patients with UTI. Exceptions would include 
patients with complicated pyelonephritis who may require 
operative intervention to relieve obstruction. 
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PREVENTION OF URINARY TRACT INFECTION 


Sexually active women may attempt voiding immediately 
after intercourse to lessen the risk of coitus-related 
introduction of bacteria into the bladder. Some authors 
recommend large urinary flow volumes as a measure that 
will reduce the risk of UTI." 


COMPLICATIONS 


Complications of simple lower UTI in otherwise healthy 
individuals are rare, chiefly revolving around the issues 
of resistant organisms or reinfection with the same 
organism. Relapse of symptoms after a brief 3-day 
course of antibiotics suggests the presence of clinically 
unsuspected upper UTI and requires 10-14 days therapy. 
More serious complications of UTI include acute 
papillary necrosis with potential ureteric obstruction, 
overwhelming sepsis syndrome with septic shock and 
perinephric abscess.**° 
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PRELUDE 


Urinary infection is not a uncommon problem in children. 
Urinary tract infection (UTI) is the most common cause of 
fever of unknown origin in boys less than 3 years of age. 

Recurrent UTI may be related to obstruction, 
vesicoureteric reflux (VUR) and dysfunctional voiding, 
e.g. as caused by a neuropathic disorder. Renal scarring 
develops very early in life due to the combination of a 
UTI, intrarenal reflux and VUR. Renal scarring may lead to 
severe long-term complications, such as hypertension and 
chronic renal failure. 

The VUR is treated with long-term prophylactic 
antibiotics. Reimplantation or endoscopic treatment 
is reserved for the small number of children with 
breakthrough infection. When child is severely ill with 
vomiting and dehydration, hospital admission is required 
and parenteral antibiotics are given initially.’ 


ETIOLOGY 


Sequelae related to renal scarring include hypertension, 
proteinuria, renal damage and even chronic renal failure, 
requiring dialysis treatment in a significant number of 
adults. Prevalence of UTI during the first decade of life is 
1% in males and 3% in females. It has been suggested that 
5% of school girls and up to 0.5% of school boys undergo at 
least one episode of UTI during their school life. 


Common Pathogenic Organisms 


Escherichia coli is responsible for 90% of episodes of 
UTIs but Klebsiella and Psuedomonas infection are also 
important pathogens which may be acquired from hospital. 
Gram-positive organisms (particularly Enterococci and 
Staphylococci) represent 5-7% of cases. Streptococci are 
relatively common in the newborn. 


Urinary Tract Intection 


in Children 


Isteaq Ahmed Shameem 


PATHOGENESIS AND RISK FACTORS 


Urinary tract is a sterile cavity with an impermeable lining. 
Upward migration of pathogenic organism is the most 
common mechanism of infection. Systemic blood borne 
infection and hospital acquired infection or nosocomial 
infection are less common. Urinary tract obstruction 
(mechanical and functional) or dysfunction is the most 
common underlying pathology of urinary infection. 
Varieties of congenital urinary tract abnormalities 
can cause UTIs through obstruction, e.g. urethral valves, 
pelviureteric junction obstruction or nonobstructive 
urinary stasis (e.g. prune belly syndrome, VUR). Patients 
with neuropathic bladder dysfunction (spina bifida, 
sphincter dyssynergia, etc.) may lead to postvoid residual 
urine and secondary VUR. The mechanism ofrenal damage 
and UTIs is controversial. In VUR, intrarenal reflux and a 
UTI is closely associated with renal damage. The presence 
of bacteriuria seems irrelevant to the progression of 
existing scars or the very unusual formation of new scars. 


SIGNS AND SYMPTOMS 


Nonspecific symptoms may include lower urinary tract 
symptoms and may vary with the age of the child and the 
severity of the disease. Epididymo-orchitis is extremely 
unusual. Scrotal pain and inflammation in a boy, testicular 
torsion has to be considered. Clinical signs of UTI may be 
nonspecific or vague in small children, but later on when 
they are older than 2 years, frequent voiding, dysuria and 
suprapubic abdominal or lumbar pain may appear with or 
without fever. 


CLASSIFICATION 


Urinary tract infections may be classified either as a first 
episode or recurrent, or according to severity. 
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Recurrent Urinary Tract Infection 


e Unresolvedinfection:Itmay occur due to subtherapeutic 
level of antimicrobials, noncompliance with treatment, 
malabsorption and resistant pathogens. 

e Bacterial persistence: It may be due to persistent 
infection in the urinary tract. 

e Reinfection: Every episode is a new infection acquired 
from periurethral, perineal or rectal flora. 


Simple Urinary Tract Infection 


Babies with a simple UTI may have only mild pyrexia, but 
is able to take fluids and oral medication. 


Severe Urinary Tract Infection 


Severe UTI is related to the presence of fever of more 
than 39°C, the feeling of being ill, persistent vomiting and 
moderate or severe dehydration. 


DIAGNOSIS 


Clinical examination is mandatory to look for phimosis, 
labial adhesion and signs of pyelonephritis, epididymo- 
orchitis and stigmata of spina bifida, e.g. hairy patch on 
the sacral skin. The absence of fever does not exclude the 
presence of an infective process. 


Laboratory Tests 


For the diagnosis of infection in children, a positive urine 
culture which has been obtained under bacteriologically 
reliable conditions when undertaking a urine specimen 
culture is required. Positive urine culture is defined as the 
presence of more than 100,000 cfu/mL of one pathogen. 
Urine specimen may be difficult to obtain in a child less 
than 4 years of age and different methods are advised since 
there is a high risk of contamination. 


Collection of the Urine 


Methods used for collection of urine are: 
e Suprapubic bladder aspiration 

e Bladder catheterization 

e Plastic bag attached to the genitalia. 


Urine collection device: Urine collection device is 
designed for women; useful for children too. This is an 
anatomically designed plastic funnel that screws on to a 
urine collection bottle and when assembled, the system 
becomes leak-proof (Fig. 21.1). 


Fig. 21.1: Unique urine collection device designed for women, 
children and those confined to bed 


Quantification of Bacteriuria 


Classical definition of significant bacteriuria of more 
than 105 cfu/mL is still used and depends on the clinical 
environment. Presence of pyuria (more than 5 leukocytes 
per field) and bacteriuria in a fresh urine sample will 
reinforce the clinical diagnosis of UTI. 


Other Biochemical Markers 


Presence of other biochemical markers in a urine sample 
is useful to establish the diagnosis of UTI. Most frequent 
markers are nitrite and leukocyte esterase, usually 
combined in a dipstick test. 


Nitrite: The nitrate is a degraded product of bacterial 
metabolism, particularly of gram-negative bacteria. When 
an infection is caused by gram-positive bacteria, the test 
may be negative. 

But all uropathogens that do not reduce nitrate to 
nitrite, e.g. Pseudomonas aeruginosa, Enterococci and 
nitrite-producing pathogens may show a negative test 
result. Nitrite test has a sensitivity of only 45-60%, but a 
very good specificity of 85-98%. 


Leukocyte esterase: This is produced by the activity 
of leukocytes. This test has a sensitivity of 48-86% and a 
specificity of 17-93%. Combination of nitrite and leukocyte 
esterase testing improves sensitivity and specificity, but 
carries the risk of false-positive results. This dipstick test 
has become useful to exclude rapidly and reliably the 
presence of a UTI, provided both nitrite and leukocyte 
esterase tests are negative. 
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The bacteriuria without pyuria may be found in: 

e Bacterial contamination 

e Colonization (asymptomatic bacteriuria). 

A bacterial pyuria without bacteriuria may be due to: 

e Incomplete antimicrobial treatment of UTI 

e Urolithiasis and foreign bodies 

e Genitourinary tuberculosis (GU TB) caused by Myco- 
bacterium tuberculosis (Figs 21.2A and B) 

e Chlamydia trachomatis 

Bacteriuria or pyuria may not be considered reliable 
parameters to diagnose or exclude UTI. 

Neonates and children under 6 months of age either 
pyuria, bacteriuria or the nitrite test separately, have 
minimal predictive value for UTI. Positive predictive value 
of significant gram staining with pyuria is 85%. In pyuria 
with a positive nitrite test is more reliable for the diagnosis 
of UTI, with a positive predictive value of 98%. 

By combining bacteriuria and pyuria in febrile children, 
the findings of more than 10 WBC/mm and more than 
50,000 cfu/mL in a specimen, collected by catheterization, 
are significant for UTI and discriminate between infection 
and contamination. 


C-reactive protein: This is nonspecific in febrile children 
with bacteriuria. C-reactive protein seems to be useful in 
distinguishing between acute pyelonephritis and other 
causes of bacteriuria. It is considered significant at a 
concentration above 20 pg/mL. 


Urinary N-acetyl-fs-glucosaminidase: This is a marker of 
tubular damage. It is increased in a febrile UTI and may 
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become a reliable diagnostic test for UTIs, although it is 
also elevated in VUR. 

Interleukin-6: Use of urinary concentrations of 
interleukin-6 in UTIs is still at the research stage. 


Imaging of the Urinary Tract 


Gold standard imaging technique has to be cost effective, 
painless, safe, with minimal or no radiation and to have an 
ability to detect any significant structural anomaly. Current 
imaging techniques do not fulfill all such requirements. 


Ultrasonography: Imaging with ultrasound (US) has 
become very useful in children because of its safety, speed 
and high accuracy in identifying the anatomy and size of 
the renal parenchyma and collecting system. The test is 
operator-dependent, and gives no information on renal 
function. Renal scars can be identified, although not as 
well as with technetium 99m dimercaptosuccinic acid 
(Tc99m-DMSA) scanning and is found to be very sensitive 
and excretory urography must be reserved only when 
images need to be morphologically clarified. Transverse 
US image of the bladder showing dilated posterior urethra 
is shown in Figure 21.3. 


Radionuclide Studies 


The radionuclide Tc99m-DMSA is a radiopharmaceutical 
that is bound to the basement membrane of proximal renal 
tubular cells; half of the dose remains in the renal cortex 


Figs 21.2A and B: Mycobacterium tuberculosis 
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Fig. 21.3: Posterior urethral valve. Transverse ultrasound image 
of the bladder showing dilated posterior urethra (asterisk), 
representing the “keyhole sign” 


after 6 hours. The test is helpful in determining functional 
renal mass and ensures an accurate diagnosis of cortical 
scarring by showing areas of hypoactivity indicating lack of 
function. Focal defect in the renal cortex usually indicates 
a chronic lesion or a renal scar. 

Scarring or a smooth uniform loss of renal substance 
as demonstrated by Tc99m-DMSA has generally 
been regarded as being associated with VUR (reflux 
nephropathy). The test showed a specificity of 100% and 
sensitivity of 80% for renal scarring. 


Grading of Reflux 


Vesicoureteric reflux grading is used to determine how 

severe the reflux is (Fig. 21.4). Higher is the grade, the 

more severe the reflux is. In severe cases, reflux is less 

likely to go away on its own. 

e Grade I: Urine refluxes into the ureter only. 

e Grade II: Urine refluxes into the ureter and enters the 
renal pelvis or kidney. 

e Grade III: Reflux begins to cause the ureter and calyces 
to swell (dilate). 

e Grade IV: The ureter and calyces appear more dilated 
than with grade III. 

e Grade V: The ureter and renal pelvis are severely 
dilated. 
Use of Tc99m-DMSA scans can be helpful in the 

early diagnosis of acute pyelonephritis. About 50-85% of 


Grade III 


Fig. 21.4: With vesicoureteric reflux, urine flows backward 
(refluxes) and can cause the ureter and kidney to swell. Grades l-V 
are given depending on the severity of the reflux 


children will show positive findings in the 1st week. The 
Tc99m-DMSA scans are considered more sensitive than 
excretory urography and ultrasonography in the detection 
of renal scars. But it is questionable whether radionuclide 
scans could substitute for echography as a first-line 
diagnostic approach in children with a UTI? 


Conventional Voiding Cystourethrography 


Micturating or voiding cystourethrography (VCUG) is the 
most widely used radiological exploration for the study 
of the lower urinary tract and especially of VUR. This test 
is mandatory in the evaluation of UTIs in children less 
than 1 year of age. The complications of this test are the 
risk of infection and the possible deleterious effect of 
radiation on children. In recent years, tailored low-dose 
fluoroscopic VCUG has been used for the evaluation of 
VUR in girls in order to minimize radiological exposure. 
Voiding cystourethrography is mandatory in the 
assessment of febrile childhood UTI, even in the presence 
of normal ultrasonography. Up to 23% of these patients 
may reveal VUR.?*® 


Radionuclide Cystography (Indirect) 


This investigation is performed by prolonging the period of 
scanning after the injection of Tc99m-diethylenetriamine 
pentaacetate (DTPA) or mercaptoacetyltriglycine (MAG-3) 
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as a part of dynamic renography. It represents an attractive 
alternative to conventional cystography, especially when 
following patients with reflux because of its lower dose of 
radiation. Disadvantages are poor image resolution and 
difficulty in detecting lower urinary tract abnormalities. 


Cystosonography 


Contrast material-enhanced voiding ultrasonography 
has been introduced for the diagnoses of VUR without 
irradiation. Further studies are necessary to determine the 
role of this new imaging modality in UTI. 


Additional Imaging Procedures 


Excretory urography remains a valuable tool in the 
evaluation ofthe urinary tractin children, butits use in UTIs 
is debatable unless preliminary imaging has demonstrated 
abnormalities requiring further investigation. The major 
disadvantages in infants are the risks of side effects from 
exposure to contrast media and radiation. However, the 
role of excretory urography is declining with the increasing 
technical superiority of computed tomography (CT) and 
magnetic resonance imaging. However, the indications for 
their use are still limited in UTI." 


Urodynamic Evaluation 


When voiding dysfunction is suspected, e.g. incontinence, 
residual urine, increased bladder wall thickness, 
urodynamic evaluation with uroflowmetry, (video) 
cystometry, including pressure flow studies and 
electromyography should be considered.” 


Cystoscopic Evaluation 


Cystoscopy may be an essential part of the evaluation 
process. Urethroscopy may reveal an undiagnosed 
posterior urethral valve, degree of trabeculation of bladder 
if present which may correlate the degree of obstruction 
(Fig. 21.5). Cystoscopy may also be helpful to see the 
abnormality of ureteric orifices which may be due to VUR, 
GU-TB. In rare cases, chyluria may be seen ifthe cystoscopy 
is performed after a fatty meal (Fig. 21.6). 


SCHEDULE OF INVESTIGATION 


Screening of infants for asymptomatic bacteriuria is 
unlikely to prevent pyelonephritic scar formation, as these 
usually develop very early in infancy. Only a minority of 
children with UTI has an underlying urological disorder, 
but when present, such a disorder can cause considerable 
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Fig. 21.5: Posterior urethral valve. Oblique image during voiding 
cystourethrography shows a dilated posterior urethra with abrupt 
transition at level of valves to narrow anterior urethra 


Fig. 21.6: 


Chyluria, milky white urine effluxing from the left 
ureteral orifice 


morbidity. Thus, after a maximum of two UTI episodes 
in a girl and one episode in a boy, investigations should 
be undertaken, but not in the case of asymptomatic 
bacteriuria. The need for DTPA/MAG-3 scanning is 
determined by the US findings, particularly if there is a 
suspicion of an obstructive lesion. 


TREATMENT 


Treatment has four main goals: 

1. Elimination ofsymptoms and eradication of bacteriuria 
in the acute episode 

2. Prevention of renal scarring 
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3. Prevention of a recurrent UTI 
4. Correction of associated urological lesions. 


Treatment of Severe Urinary Tract Infection 


Adequate parenteral fluid replacement and appropriate 
antimicrobial treatment, preferably with cephalosporins 
(third generation) are required in all severe urinary infection. 
When a gram-positive UTI is suspected by Gram stain, it is 
useful to administer aminoglycosides in combination with 
ampicillin or amoxicillin/clavulanate. Third generation 
cephalosporin may be an excellent choice because of its 
simple dose schedule and high spectrum coverage. 

Patients with an allergy to cephalosporins, aztreonam 
or gentamicin may be used. If aminoglycosides are 
necessary, serum levels should be monitored for 
dose adjustment. Routine use of chloramphenicol, 
sulfonamides, tetracyclines, rifampicin, amphotericin B 
and quinolones should be avoided. Ceftriaxone may also 
be avoided due to its undesired side effects of jaundice. 
Tetracyclines should also be avoided because of teeth 
staining. Quinolones may produce cartilage toxicity, but 
if necessary may be used as second-line therapy in the 
treatment of serious infections, since musculoskeletal 
adverse events are of moderate intensity and transient. 
Initially in severe UTI or suspected urosepsis for first 
24-36 hours, parenteral therapy should be administered. 
As the child becomes afebrile and is able to take fluids, 
he/she may be given an oral agent to complete the 
10-14 days of treatment, which may be continued on an 
outpatient basis.*° 


Treatment of Simple Urinary Tract Infection 


Simple UTI is considered to be a low-risk infection 
in children. Simple oral empirical treatment with 
trimethoprim, an oral cephalosporin or amoxicillin/ 
clavulanate is recommended, according to the local 
resistance pattern. The duration of treatment in 
uncomplicated UTIs treated orally should be 5-7 days. 
Parenteral single dose may be used in cases of doubtful 
compliance and with a normal urinary tract. But if the 
response is poor or complications develop, the patient 
must be admitted to hospital for parenteral treatment.®” 


Prophylaxis 


When there is an increased risk of pyelonephritis, e.g. 
VUR and recurrent UTI, low-dose antibiotic prophylaxis 
is recommended and may also be used after an acute 


episode of UTI until the diagnostic workup is completed. 
Most effective antimicrobial agents are nitrofurantoin, 
trimethoprim, cephalexin and cefaclor. 


Recurrent Urinary Tract Infection 


Patients with recurrent UTI are frequent visitors to 
most urologists’ offices, and a rapid and cost-effective 
approach to their managementis required. Most patients 
with recurrent UTI are healthy women who need only a 
thorough history, physical examination, urinalysis and 
urine culture. It is essential to identify patients with 
risk factors for complicated UTI who require a more 
extensive evaluation that frequently includes cystoscopy 
and upper-tract evaluation. These patients must have 
all abnormalities identified and treated to prevent 
recurrent infections. On the other hand, those with 
uncomplicated recurrent UTI can usually be treated 
with either peri-intercourse prophylaxis, intermittent 
self-start therapy or low-dose long-term prophylaxis 
with inexpensive oral antibiotics. 


Pyonephrosis 


Pyonephrosis refers to a patient with acute pyelonephritis 
complicated by obstructed hydronephrosis. The 
intravenous urogram (IVU) will show nonfunction or 
poor visualization of the involved kidney. Renal US can 
usually make the diagnosis. Fifty percent of obstructed 
pyonephrotic kidneys are nonfunctioning. Obstruction 
should always be ruled out in pyelonephritis. Renal US is 
usually sufficient. 


MANAGEMENT 


Intravenous (IV) antibiotics and immediate relief of 
obstruction by a percutaneous nephrostomy or placement 
of a retrograde ureteral stent are mandatory. 


Emphysematous Pyelonephritis 


Emphysematous pyelonephritis is a rare complication 
of acute pyelonephritis in which organisms (generally E. 
coli) ferment glucose to CO, and H,O, producing gas in the 
renal parenchyma. A characteristic appearance on kidney, 
ureter and bladder is diagnostic. Eighty percent of cases 
occur in poorly controlled insulin-dependent diabetics 
and the rest in patients with obstruction. Prognosis is 
very poor with 50% mortality. Management consists of 
antibiotics and nephrectomy. 
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Renal Abscess (Carbuncle) 


Renal cortical or medullary abscesses typically arise from a 
focus of pyelonephritis (usually E. coli) or by hematogenous 
spread of Staphylococcus aureus from a distant cutaneous 
infection, particularly in IV drug abusers. Patients may 
present with chills, fever and flank pain. Urinalysis may be 
normal in a Staphylococcus renal abscess. Complete blood 
count will show marked leukocytosis with a shift to the left. 


Diagnosis 


Renal US or CT scan can usually make the diagnosis. 
Percutaneous needle aspiration of the mass will confirm 
the diagnosis. 


Treatment 


Initial therapy should be with IV antibiotics. Staphylococcal 
abscesses should be treated with beta-lactamase resistant 
penicillin, such as nafcillin. Ampicillin and gentamicin 
are appropriate for a gram-negative. Drainage by 
percutaneous aspiration or surgical incision may be 
necessary. Nephrectomy is rarely needed. 


Perinephric Abscess 


A perinephric abscess lies between the renal capsule and 
the perirenal (Gerota’s) fascia. Rupture of an intrarenal 
abscess into the perirenal space is the most common 
etiology; however, hematogenous seeding from distant 
sites of infection occurs. The most common organisms are 
Proteus, E. coli (from an intrarenal abscess) and S. aureus 
(from distant infections). Mortality has been reported as 
high as 50%, mostly because of the difficulty in making a 
diagnosis. Diabetics and patients with polycystic kidneys 
on hemodialysis are particularly susceptible. 


Diagnosis 

Itis best made by renal US and CT scan aided by diagnostic 
needle aspiration. 

Treatment 


The primary treatment of a perinephric abscess is 
percutaneous or surgical drainage. Antibiotics are needed 
to control sepsis. Nephrectomy may be indicated if the 
kidney is nonfunctioning or severely infected. 


Chronic Pyelonephritis 


Chronic pyelonephritis is a radiologic IVU or pathologic 
biopsy diagnosis referring to severe cortical scarring 
or the small, contracted, atrophic kidney. If etiology is 
unclear, however, it appears to originate in childhood 
and is associated with recurrent bacteriuria and 
vesicoureteral reflux. 


Xanthogranulomatous Pyelonephritis 


Xanthogranulomatous pyelonephritis is an uncommon, 
atypical chronic renal parenchymal infection that is often 
misdiagnosed as a renal tumor. Its etiology is unknown, 
but infection and obstruction are almost always present. 


Presentation 


Fever, chills, flank pain and flank mass are typical. The 
IVU shows a renal mass in 60% and stones in 40-70%. 
Persistent bacteriuria occurs in less than 50%, with Proteus 
and E. coli, the most frequent organisms. It can be difficult 
to differentiate from renal cell carcinoma; therefore, the 
diagnosis is often made at surgical exploration. 


Treatment 


Partial or total nephrectomy is the usual treatment. 


Cystitis 


Acute bacterial cystitis is an infection of the bladder with 
organisms, which ascended from the urethra. Its hallmark 
is irritative voiding symptoms including frequency, 
urgency, nocturia and dysuria. Patients will often complain 
of low back or suprapubic pain. Fever is usual. Urinalysis 
typically shows pyuria, bacteriuria and hematuria. Urine 
cultures are positive and E. coli is the usual pathogen. A 
persistent Proteus infection should suggest the possibility 
of an infected struvite stone. 

Women have a higher incidence of cystitis, which 
increases throughout their lifetime. Recurrence is also 
high and is associated with coliform bacterial colonization 
of the urethra and vaginal vestibule. 

Men are more likely to have other associated urinary 
problems (i.e. prostatitis, urethritis, strictures or benign 
prostatic hyperplasia), which must be treated. 

Children with UTI, particularly infants, should have 
a thorough evaluation of the urinary tract including 
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VCUG and renal US. The VCUG should be postponed for 
4-6 weeks because incidental low-grade reflux is often 
observed during an acute infection. 


Treatment 


Short-course (3 days) or single-dose chemotherapy 
has been shown to be as effective as 7-14 days of 
therapy in adult nondiabetic women and children 
with uncomplicated lower UTI of less than 2 days 
duration. Sulfonamides, trimethoprim-sulfamethoxazole, 
ciprofloxacin and nitrofurantoins are usually effective 
agents for initial therapy. Antibiotic choice should always 
be guided by sensitivity testing when available. 
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PRELUDE 


Rajeev Kumar 


Urosepsis is a serious secondary infection which occurs 
when an infection in the urinary tract spreads to the 
bloodstream. People with urosepsis have bacteria in 
their blood. If left untreated, this can potentially be 
fatal. The clinical condition is presented with clinical 
evidence of systemic infection accompanied by signs 
of systemic inflammation (fever or hypothermia, 
tachycardia, tachypnea, leukocyturia or leukopenia). 
Severe sepsis is defined by the presence of symptoms of 
organ dysfunction. Urosepsis may also be defined by “a 
serious clinical state of urinary infection associated with 
the presence of a persistent hypotension associated with 
tissue anoxia.”! 


DEFINITION 


Sepsis is a systemic response to infection. The symptoms 
of systemic inflammatory response syndrome (SIRS) 
which were initially considered to be mandatory for the 
diagnosis of sepsis are now considered to be alerting 
symptoms. Many other clinical or biological symptoms 
must be considered. It may also be defined as severe 
sepsis associated with organ dysfunction. Septic shock is 
persistence of hypoperfusion or hypotension despite fluid 
resuscitation. “Refractory septic shock” is defined by an 
absence of response to therapy. 

Prompt diagnosis and treatment should be provided 
at an early stage of urosepsis, especially in the case of 
a complicated urinary tract infection (UTI). The SIRS, 
(fever or hypothermia, hyperleukocytosis or leukopenia, 
tachycardia, tachypnea), is recognized as the first event in 
a cascade to multiorgan failure. Mortality is considerably 
increased when severe sepsis or septic shock is present, 
though the prognosis of urosepsis is globally better than 
sepsis due to other infectious sites. 

The treatment of urosepsis calls for the combination 
of adequate life-supporting care, appropriate and 


Urosepsis 


prompt antibiotic therapy, adjunctive measures 
[e.g. sympathomimetic amines, hydrocortisone, blood 
glucose control, recombinant activated protein C (APC)] 
and the optimal management ofurinary tract disorders. The 
drainage of any obstruction in the urinary tract is essential 
as first-line treatment. Urologists are recommended to 
treat patients in collaboration with intensive care and 
infectious disease’s specialists. 

Urosepsis can occur due to both community- or 
nosocomial-acquired infections. Most of the nosocomial 
urosepsis can be avoided by measures used to prevent 
nosocomial infection, e.g. reduction of hospital stay, early 
removal of indwelling urethral catheters, avoidance of 
unnecessary urethral catheterizations, correct use ofclosed 
catheter systems and attention to simple daily asepsis 
techniques in order to avoid cross infection. Urinary tract 
infections can manifest as bacteriuria with limited clinical 
symptoms, sepsis or severe sepsis, depending on localized 
or systemic extension. 

Severe sepsisis a severe situation with areported mortality 
rate ranging from 20-42%.' Most severe sepsis reported in 
the literature is related to pulmonary (50%) or abdominal 
infections (24%), with UTIs accounting for only 5%. Sepsis 
is more common in men than in women. In recent years, 
the incidence of sepsis has increased by 8.7% per year, but 
the associated mortality has decreased suggesting improved 
management of patients (the total in-hospital mortality rate 
fell from 27.8-17.9% during the period 1995-2000. Globally, 
this is not true for urosepsis); the rate of sepsis due to fungal 
organisms increased while Gram-positive bacteria became 
the predominant pathogen in sepsis, even if in urosepsis 
Gram-negative bacteria remained predominant.'* 


Infection 


It is the microbial phenomenon characterized by an 
inflammatory response to the presence of microorganisms 
or the invasion of normally sterile host tissue by these 
organisms. 
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Bacteremia 


Bacteremia is the presence of viable bacteria in the blood. 


Sepsis (Simple) 


It is the systemic response to infection, manifested by two 
or more of the SIRS criteria pus, an infection. 


Sepsis (Severe) 


It is the sepsis associated with organ dysfunction, 
hypoperfusion or hypotension. Hypoperfusion and 
perfusion abnormalities may include, but are not limited 
to lactic acidosis, oliguria or an acute alteration in 
mental status. 


Sepsis-induced Hypotension 


If a systolic blood pressure is less than 90 mmHg or a 
reduction of more than 40 mmHg occurs from baseline 
in the absence of other causes for hypotension, it is called 
sepsis-induced hypotension. 


Septic Shock 


It is defined as a sepsis-induced hypotension despite 
adequate fluid resuscitation, along with the presence of 
perfusion abnormalities that may include, but are not 
limited to lactic acidosis, oliguria or an acute alteration 
in mental status. Patients who are receiving inotropic or 
vasopressor agents may not be hypotensive at the time 
that the perfusion abnormalities are measured. This is a 
subset of severe sepsis. 

In urosepsis, as in other types of sepsis, the severity of 
sepsis depends mostly upon the host response. Patients 
who are more likely to develop urosepsis include elderly 
patients, diabetics and immunosuppressed patients, 
such as transplant recipients, patients receiving cancer 
chemotherapy or corticosteroids and patients with 
acquired immunodeficiency syndrome. Urosepsis also 
depends on local factors, such as urinary tract calculi, 
obstruction at any level in the urinary tract, congenital 
uropathies, neurogenic bladder disorders or endoscopic 
maneuvers. However, all patients can be affected by 
bacterial species capable of inducing inflammation within 
the urinary tract. Moreover, it is now recognized that SIRS 
may be present without infection (pancreatitis, burns, 
nonseptic shock, etc.). 

For therapeutic purposes, the diagnostic criteria 
of sepsis should identify patients at an early stage of 
the syndrome, prompting urologists and intensive 


care specialists to search for and treat infection, apply 
appropriate therapy and monitor for organ failure and 
other complications. 


PATHOPHYSIOLOGY OF SEPSIS 


The pathophysiology of sepsis has been divided into five 
stages which are as follows: 

The infectious insult 

The preliminary systemic response 

The overwhelming systemic response 

Compensatory anti-inflammatory reaction 
Immunomodulatory failure. 

Sepsis is characterized by a SIRS to an infective 
insult. The inflammatory response results in systemic 
vasodilatation, hypotension, increased cardiac output 
and eventually, reduced oxygen extraction by the tissues. 
The key pathological features driving this process are 
abnormalities of endothelial function and disordered 
coagulation homeostasis. These result in the release of a 
variety of cytokines and tissue factors, an activation of the 
clotting cascade and a reduction in the natural inhibitors 
of clotting (e.g. APC). Once triggered, the downward 
spiral of severe sepsis is believed to be independent of the 
underlying infectious disease process. The combination 
of increased thrombosis and reduced fibrinolysis leads to 
disturbed microcirculatory blood flow, microcirculatory 
ischemia and multiple organ dysfunction and eventual 
multiple organ failure.>"” 


On a a 


CLINICAL MANIFESTATION OF UROSEPSIS 


The clinical evidence of UTI is based on symptoms, 
physical examination, sonographic and radiological 
features and laboratory data, such as bacteriuria and 
leukocyturia. Micro-organisms reach the urinary tract by 
way of the ascending, hematogenous or lymphatic routes. 
For urosepsis to be established, the pathogens have to 
reach the bloodstream. The risk of bacteremia is increased 
in severe UTIs, such as pyelonephritis and acute bacterial 
prostatitis, and is facilitated by obstruction. Escherichia coli 
remain the most prevalent microorganism. Particularly in 
several countries, some bacterial strains can be resistant 
to quinolones or third-generation cephalosporin. Some 
microorganisms are multiresistant, such as methicillin- 
resistant Staphylococcus aureus, Pseudomonas 
aeruginosa and Serratia spp. and therefore, are difficult 
to treat. Most commonly, the condition develops in 
compromised patients (e.g. those with diabetes or the 
immunosuppressed) with typical signs of generalized 
sepsis associated with local signs of infection. A fatal 
outcome is described in 20-40% of all patients. 
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Cytokines as Markers of the Septic Response 


Cytokines are involved in the pathogenesis of sepsis 
syndrome. They are peptides that regulate the amplitude 
and duration of the host inflammatory response. They 
are released from various cells including monocytes, 
macrophages and endothelial cells, in response to 
various infectious stimuli. When they become bound to 
specific receptors on other cells, cytokines change their 
behavior in the inflammatory response. The complex 
balance between pro- and anti-inflammatory responses 
is modified in severe sepsis. An immunosuppressive 
phase follows the initial proinflammatory mechanism. 
Other cytokines are involved, such as interleukins. 
Tumor necrosis factor-a, interleukin-1 (IL-1), IL-6 
and IL-8 are cytokines that are associated with sepsis.® 
Sepsis may indicate an immune system that is severely 
compromised and unable to eradicate pathogens or a 
nonregulated and excessive activation of inflammation 
or both. A genetic predisposition is more than likely to 
explain sepsis in several patients. Mechanisms of organ 
failure and death in patients with sepsis remain only 
partially understood.”*’ 


Procalcitonin as a Potential Marker of Sepsis 


Procalcitonin is the propeptide of calcitonin, but is 
devoid of hormonal activity. Normally in healthy humans, 
levels are undetectable. During severe generalized 
infections (bacterial, parasitic and fungal) with systemic 
manifestations, procalcitonin levels may rise to more 
than 100 ng/mL. In contrast, during severe viral infections 
or inflammatory reactions of noninfectious origin, 
procalcitonin levels show only a moderate or no increase. 
The exact site of procalcitonin production during sepsis 
is not known. Procalcitonin monitoring may be useful in 
patients who are likely to develop a SIRS ofinfectious origin. 
High procalcitonin levels or an abrupt increase in levels in 
these patients should prompt a search for the source of 
infection. Procalcitonin may be useful in differentiating 
between infectious and noninfectious causes of severe 
inflammatory status.’ Clinical and laboratory markers of 
organ dysfunction are described in Table 22.1. 


TREATMENT 
Antimicrobial Therapy 


Empirical initial treatment should provide broad 
antimicrobial coverage and should later be adapted on the 
basis of culture results. 
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Table 22.1: Clinical and laboratory markers of organ dysfunction 


Organ system Clinical 


Cardiovascular Tachycardia 
Hypotension 
Cardiac arrest 


Arrhythmias 


Hemodynamic 


support 


Endocrine Weight loss 


Hematological Bleeding 


Gastrointestinal Ileus 
Gl bleeding 


Acute pancreatitis 


Acalculous 
cholecystitis 


Hepatic Jaundice 


Delirium 
Confusion 


Neurological 


Altered conscious- 


ness 


Oliguria 
Anuria 


Renal replacement 


therapy 


Respiratory Tachypnea 
Cyanosis 
Mechanical 


ventilation 
Immune Pyrexia 


Nosocomial 
infection? 


Laboratory 


Altered CVP, PCWP 
Reduced cardiac output 


Hyperglycemia 
Hypoalbuminemia 
Thrombocytopenia 
Increased D-dimers 
Abnormal white cell count 
Abnormal clotting profile 


Decreased intestinal pH 
Elevated amylase 


Hyperbilirubinemia 
Increased PT 
Elevated LFTs 
Hypoalbuminemia 


Altered EEG 


Elevated creatinine 
Elevated urea 


PaO, < 70 mm Hg 
SaO, < 90% 
PaO,/FiO, < 300 


Altered white cell count 


Impaired white cell 
function 


Abbreviations: CVP, central venous pressure; PCWP, pulmonary 
capillary wedge pressure; GI, gastrointestinal; PT, prothrombin 
time; LFT, liver function test; EEG, electroencephalogram. 


Source: Balk RA. Pathogenesis and management of multiple organ 
dysfunction or failure in severe sepsis and septic shock. Crit Care 


Clin. 2000;16:337-52. 


Relief of Obstruction 


Drainage of any obstruction in the urinary tract and 
removal of foreign bodies, such as urinary catheters, stents 
or stones, may themselves cause resolution of symptoms 
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and lead to recovery. These are key components of the 
strategy. This condition is an absolute emergency.’ 

The management of fluid and electrolyte balance 
is a crucial aspect of patient care in sepsis syndrome, 
particularly when the clinical course is complicated 
by shock.’® The use of human albumin is debatable. 
An early goal-directed therapy’ has been shown to 
reduce mortality. Volemic expansion and vasopressor 
therapy have considerable impact on the outcome. Early 
intervention with appropriate measures to maintain 
adequate tissue perfusion and oxygen delivery by prompt 
institution of fluid therapy, stabilization of arterial pressure 
and providing sufficient oxygen transport capacity are 
highly effective. 

Hydrocortisone (with a debate on dosage) is useful in 
patients with relative insufficiency in the pituitary gland- 
adrenal cortex axis (adrenocorticotropic hormone). 
Tight blood glucose control by administration of insulin 
doses up to 50 units/hour is associated with a reduction 
in mortality. Recombinant APC (drotrecogin) is a new 
drug that has been approved for therapy of severe sepsis 
since November, 2002. This expensive treatment has been 
proved to be more effective in patients with more severe 
disease, as assessed by Acute Physiology and Chronic 
Health Evaluation II scores more than 25 or the presence 
of more than two organ dysfunctions. The best strategy 
has been summarized and graded according to a careful 
evidence-based methodology in the recently published 
“Surviving Sepsis Guidelines”!*?! 


FOCUS ON THE MANAGEMENT OF 
THE SEPTIC PATIENT 


Despite evidence of the significant role of inflammatory 
mediators and hemostasis in the evolution of sepsis and 
acute organ dysfunction, the treatment of severe sepsis 
has remained the same for more than 30 years: examine 
and stabilize the patient, diagnose and treat infection 
and support organ function. Intra-abdominal signs 
should prompt surgical review. Early recognition of the 
septic process is the cornerstone to good management 
and may be aided by the use of a “track and trigger” 
system. The aim of the early supportive management 
is to return as many of the physiological parameters 
towards the normal range. Many patients will require 
ventilation to maximize oxygenation and minimize 
the work of breathing. Following work in patients with 
acute respiratory distress syndrome, a “lung protective 
strategy” is advocated (see ventilation section). Targeted 


and protocol-driven early “goal-directed therapy” of 
fluid and inotropic support has been shown to improve 
the outcome from sepsis possibly by augmenting the 
SIRS response driven by tissue hypoxia. A standardized 
approach to the management of the septic patient has 
recently been formulated into “The Surviving Sepsis 
Campaign” 428 


Inotropic Therapy 


There is a little evidence to support the use of a particular 
inotrope in sepsis. In the face of the vasodilatation and 
reduced systemic vascular resistance that characterizes 
“warm sepsis’, most clinicians would opt for noradrenaline 
(norepinephrine). As sepsis can dampen myocardial 
function, dobutamine is often introduced to provide 
inotropy and chronotropy. Adrenaline (epinephrine) is 
a useful agent when simplicity of treatment is required 
and is therefore often used during the initial stages of 
resuscitation on the ward or in theater prior to transfer to 
the intensive care unit.!*!8 


Renal Replacement Therapy 


Acute renal failure often develops during the sepsis and 
may require renal replacement therapy. Even if renal 
function is normal in a septic patient, early high volume 
continuous venovenous hemofiltration may still be 
advocated. It is thought that this process may remove 
some of the proinflammatory or procoagulant cytokines 
that drive the septic cascade." 


Novel Therapies 
Activated Protein C 


This endogenous protein plays an important physiological 
role in the body’s normal response to injury or insult. 
Activated protein C helps to maintain the balance between 
the coagulation and fibrinolytic pathways and helps to 
reduce the inflammatory response through inhibition of 
thrombin-mediated inflammatory activities and leukocyte 
attachment to the endothelium. Levels of APC are reduced 
during sepsis. The Protein C Worldwide Evaluation in 
Severe Sepsis (PROWESS) study showed that APC could 
significantly reduce mortality in sepsis. Despite the high 
cost of APC, the National Institute for Clinical Excellence 
has recently advocated its use. Longer-term outcome data 
are awaited.’ 
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Vasopressin 


The circulatory shock seen in sepsis can often become 
resistant to treatment with the traditional catecholamine 
inotropes (noradrenaline and adrenaline). In this situation, 
treatment with vasopressin or vasopressin analogs can 
lead to restoration of an adequate blood pressure and 
reduction in the dose of existing inotropes.'® 


FOCUS ON OUTCOME FROM SEPSIS 


Severe sepsis is now the third leading cause of infectious 
death. The mortality rate in patients with severe sepsis 
ranges from 30-50%. Mortality rate increases by 15-20% 
for each additional organ failure. As highlighted above, 
the use of APC in the PROWESS study reduced absolute 
mortality risk by 6.1%. There is hope that by earlier 
recognition of the septic patient, physiological parameters 
and organ function can be normalized and maintained, 
while agents such as, APC, are administered to reduce 
the septic and inflammatory response. Through these 
processes, mortality from sepsis may then be reduced 
further. At the present time, however, the “magic bullet” 
for sepsis does not exist. 


CONCLUSION 


Urosepsis syndrome in urology remains a severe situation 
with a mortality rate as high as 20-40%. A recent campaign, 
“Surviving Sepsis Guidelines’, aimed at reducing mortality 
by 25% in the next few years has been published recently. 
Early recognition of the symptoms may decrease the 
mortality by timely treatment of urinary tract disorders, 
e.g. obstruction, urolithiasis. Adequate life-support 
measures and appropriate antibiotic treatment provide 
the best conditions for improving patients’ survival. 
The prevention of sepsis syndrome is dependent on 
good practice to avoid nosocomial infections and using 
antibiotic prophylaxis and therapy in a prudent and well- 
accepted manner.”! 

There is a hope that by earlier recognition of the septic 
patient, physiological parameters and organ function 
can be normalized and maintained, while agents such 
as, APC, are administered to reduce the septic and 
inflammatory response. Through these processes, 
mortality from sepsis may then be reduced further. At the 
present time, however, the “magic bullet” for sepsis does 
not exist.” 
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The chronic pelvic pain syndrome (CPPS) or chronic 
prostatitis is a pelvic pain condition in men, and should 
be distinguished from other forms of prostatitis, such as 
chronic bacterial prostatitis and acute bacterial prostatitis. 
The term “prostatitis” has included both acute and 
chronic bacterial prostatitis in which an infective origin 
is accepted, and the term “prostatitis syndrome” or more 
recently CPPS, in which no infective agent can be found 
and whose origin is multifactorial and in most cases, 
obscure (Fig. 23.1). 

Diagnosis of prostatitis and CPPS are indicated by 
symptoms and evidence of inflammation and infection 
localized to the prostate. Responsible organisms are 
detected by routine methods only in 5-10% of cases, and 
for whom antimicrobial therapy is not indicated in most 
cases. Most of the patients are treated empirically with 
numerous medical and physical modalities. However, 


Fig. 23.1: Prostatitis, a condition that involves the prostate, 
bladder and pelvic floor 


Prostatitis or Chronic 
Pelvic Pain Syndrome 


recent improvement in classification and application of 
modern methods including molecular biology, should 
allow proper systematization of treatment. 

The bacterial prostatitis is a disease entity diagnosed 
clinically and by evidence of inflammation and infection 
localized to the prostate. Depending on the duration of 
symptoms, bacterial prostatitis is described either as 
acute or chronic when symptoms persist for at least 3 
months.!* 


DIAGNOSIS 


History 


Depending on the duration of symptoms, bacterial 
prostatitis is described as either acute or chronic; the latter 
being defined by symptoms persisting for at least 3 months. 
Common symptoms include pain at various locations 
and lower urinary tract symptoms. Studies showed that 
bacterial prostatitis is the most frequent cause of recurrent 
urinary tract infections in the male.** 


Symptom Questionnaires 


Symptom questionnaires have been developed for the 
quantification of symptoms and may include the chronic 
prostatitis symptom index, which was recently developed 
by the international prostatitis collaborative network. The 
questionnaire contains four questions regarding pain or 
discomfort, two questions regarding urination and three 
questions related to quality of life. 


Clinical Findings 


The prostate may be swollen and tender on digital rectal 
examination in acute prostatitis. Manipulation like prostatic 
massage is contraindicated (Fig. 23.2). Physical examination 
includes evaluation of the pelvic floor musculature. 
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Rectum 


Prostate 


Bladder 


Fig. 23.2: Prostatic massage. The patient is asked to pass urine and 
a specimen is taken for culture. The patient is then massaged and 
any secretions produced are also sent to the laboratory. Finally, a 
further urine sample is collected that also contains fluid expressed 
from the prostate 


Urine Cultures and Expressed Prostatic Secretion 


Quantitative bacteriological localization cultures and 
microscopy of the segmented urine and of expressed 
prostatic secretion (EPS), as described by Meares and 
Stamey are important study in chronic prostatitis. 

Enterobacteriaceae, especially Escherichia coli, are 
the predominant pathogens in bacterial prostatitis. 
Significance of intracellular bacteria, such as Chlamydia 
trachomatis, is uncertain. In patients with immune 
deficiency or HIV infection, prostatitis may be caused by 
fastidious pathogens, such as Mycobacterium tuberculosis, 
Candida spp. and rare pathogens, such as Coccidioides 
immitis, Blastomyces dermatitidis and Histoplasma 
capsulatum. 

Correlation between leukocyte and bacterial counts, 
and the severity of symptoms in men with chronic 
prostatitis/CPPS was not seen in most of the cases. Urine 
culture, leukocyte and antibody status does not predict 
antibiotic response in this group of prostatitis. 


Perineal Biopsy 


Perineal biopsies may be taken for detection of difficult- 
to-culture microorganisms, but it should not be reserved 
for research purposes and cannot be recommended as a 
part of the routine workup. Bacteria have been cultured 
from perineal prostate biopsies in 36% of men with 
CPPS, but these results do not differ from the findings in 


Biopsy needle 
to take samples 
Catheter in from the prostate 


urethra 


Ultrasound probe 
in rectum for 
needle guidance 


Template to aid 
accurate placement 
of biopsy needle 


Fig. 23.3: Perineal biopsy of prostate 


asymptomatic controls. This procedure involves using an 
ultrasound probe inserted via rectum to scan the prostate 
(Fig. 23.3). Biopsies are taken through the skin behind 
the perineum using a special grid shown in Figure 23.3. 
The sampling is targeted and the number of samples 
taken depends on the size of the prostate, usually 20 
samples. The histological pictures illustrating chronic 
and acute prostatitis are shown in Figures 23.4A and B, 
respectively. 


Other Tests 


The diagnosis is established by increased leukocyte counts 
in the prostatic fluid, post-prostatic massage urine and 
seminal fluid. The prostatic biopsy is not indicated in the 
routine management of prostatitis/CPPS. But, prostatitis 
is frequently diagnosed in biopsies taken for suspected 
prostate cancer. 

Among the other inflammatory markers include 
elevated pH, lactate dehydrogenase andimmunoglobulins. 

Interleukin (IL)-1 and tumor necrosis factor alpha may 
be identified in EPS and complement C3, ceruloplasmin 
or polymorphonuclear elastase in the ejaculate but 
these are not included in the routine diagnostic workup 
(Box 23.1). The transrectal ultrasound may reveal 
intraprostatic abscesses, calcification in the prostate and 
dilatation in the seminal vesicles. 


CLASSIFICATION SYSTEMS 


Based on the work of Meares and Stamey, in which various 
types of prostatitis were differentiated according to the 
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C828, in ted 
Figs 23.4A and B: 


Box 23.1: Work-up in prostatitis 


number of leukocytes and positive cultures in EPS and in 
segmented urine samples, i.e. first voided bladder urine-1, 
midstream urine (second voided bladder urine-2) and 
urine following prostatic massage (third voided bladder 
urine-3). It has become the most widely used classification 
of prostatitis for almost three decades and is still included 
in the latest WHO classification of diseases (ICD 10). 


TREATMENT 


Antibiotics 


Sometimes antibiotics are life saving in acute bacterial 
prostatitis, recommended in chronic bacterial prostatitis 
and may be tried in inflammatory CPPS. Parenteral 
administration of high doses of bactericidal antibiotics, 
such as a broad-spectrum penicillin, a third-generation 
cephalosporin or a fluoroquinolone, may be administered 
and these regimens may be combined with an 
aminoglycoside.”* 

The fluoroquinolones, such as ciprofloxacin and 
levofloxacin, are considered drugs of choice because 
of their favorable pharmacokinetic properties, their 
generally good safety profile and antibacterial activity 


(A) Microscopic picture of chronic prostatitis; (B) Microscopic picture of acute prostatitis 


against gram-negative pathogens including Pseudomonas 
aeruginosa. Levofloxacin is active against Gram-positive 
and “atypical” pathogens, such as C. trachomatis and 
genital mycoplasmas. 

Duration of antibiotic treatment is based on experience 
and expert opinion and usually should be given for 2 
weeks. The patient may be reassessed after 2 weeks and 
the antibiotics continued only if subsequent cultures are 
positive. The drug may be continued for 4-6 weeks. 


Antibiotics and Alpha Blockers in 
Combination Therapy 


Careful urodynamic studies have shown increased urethral 
closing pressure in patients with chronic prostatitis and as 
such treatment ofalpha-blockers and antibiotics is reported to 
have a higher cure rate than antibiotics alone in inflammatory 
CPPS. It was also shown that neither ciprofloxacin and 
tamsulosin nor the combination of both ciprofloxacin and 
tamsulosin were superior to placebo in reducing symptoms 
in men with moderate to severe symptoms.” 


Other Oral Medications 


Alpha-blocker, terazosin, pentosan polysulfate sodium 
and finasteride may reduce symptoms and improve the 
quality of life in patients with CPPS. 


Surgery 


In patients with prostatic abscess and acute prostatitis, 
bladder drainage may be needed, preferably with a 
suprapubic catheter. Role of transurethral resection of 
the prostate and transurethral needle ablation has been 
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observed in patients without much benefit. Radical 
prostatovesiculectomies have been carried out to relieve 
the pain of chronic prostatitis, the results of which are 
dubious. By and large, surgery should be avoided in the 
treatment of prostatitis patients except for drainage of 
prostatic abscesses.* 


Other Treatment Forms 


New treatments like microwave energy delivered from 
Prostatron 2.0 and transurethral microwave thermotherapy 
have some bactericidal effect, and symptoms may resolve 
within 1 year in about 30% of men with CPPS.°” 
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The inflammatory disease of epididymis and testis is a 
common problem in urological practice. Inflammation of 
the epididymis causes pain and swelling which is almost 
always unilateral and relatively acute in onset (Fig. 24.1). 
Sometimes, the testis is involved in the inflammatory 
process (epididymo-orchitis). 

The orchitis and epididymitis are classified as acute 
or chronic processes according to the onset and clinical 
course. When there is testicular involvement, chronic 
inflammation may result in testicular atrophy and 
destruction of spermatogenesis.'” 


INCIDENCE AND PREVALENCE 


Most common type of orchitis, mumps orchitis, 
develops in 20-30% of postpubertal patients undergoing 
mumps infection and the incidence depends upon the 
vaccination status of the population. Chronic orchitis 
sometimes occurs from granulomatous disease like 
tuberculosis (TB).?° 


Inflamed 
epididymis 


Inflamed 
testicle 


Fig. 24.1: Epididymitis and orchitis 


Epididymitis and Orchitis 


Morbidity 


Most important complications in epididymo-orchitis 
include abscess formation, testicular infarction, 
testicular atrophy, development of chronic epididymal 
induration and infertility. The epididymitis caused by 
sexually transmitted organisms occurs mainly in sexually 
active males aged less than 35 years. Majority of cases 
of epididymitis are due to common urinary pathogens, 
which are also the most common cause of bacteriuria. The 
bladder outlet obstruction and urogenital malformations 
are risk factors for this type of infection.”® 


PATHOGENESIS AND PATHOLOGY 


Epididymitis due to common bacteria and sexually 
transmitted organisms, the infection is spread from the 
urethra or bladder. Nonspecific granulomatous orchitis 
may occur as autoimmune phenomena are assumed to 
trigger chronic inflammation. Rarely epididymo-orchitis 
is also seen in systemic infections, such as TB, lues, 
brucellosis and cryptococcus disease.** 


DIAGNOSIS 


The inflammation and swelling usually begin in the tail of 
the epididymis, and may spread to involve the rest of the 
epididymis and testicular tissue. The spermatic cord is 
usually tender and swollen. In adult, men with epididymitis 
that results from sexually transmitted organisms have 
a history of sexual exposure, which can lie dormant for 
months before the onset of symptoms. When the patient 
is examined immediately after obtaining a urinalysis, 
urethritis and urethral discharge may be missed because 
white blood cells and bacteria have been washed out of the 
urethra during urination. 

The causative organism causing epididymitis can 
usually be determined by examination of a gram stain of 
urethral smear and/or a monosodium urate monohydrate 
(MSU) for the detection of gram-negative bacteriuria. 
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Presence of intracellular gram-negative diplococci 
on the smear correlates with an infection of Neisseria 
gonorrhea. The Chlamydia trachomatis may be isolated in 
approximately two third of these patients.*” 

When a mumps orchitis is suspected, a history of 
parotitis and evidence of immunoglobulin M antibodies in 
the serum support the diagnosis. In about 20% of mumps 
orchitis cases, the disease occurs bilaterally in postpubertal 
men with a risk of testicular atrophy and azoospermia. 
Scrotal ultrasound plays a vital role in diagnosing scrotal 
or epididymal fluid or pus collection. It can effectively 
guide the clinician whether to drain or not.?* 


Differential Diagnosis 


Physician should be able to differentiate between 
epididymitis and spermatic cord torsion as soon as 
possible using all available information including the 
age of the patient, history of urethritis, clinical evaluation 
and Doppler (duplex) scanning of testicular blood flow. 
Sometimes the data from color Doppler is misleading 
and for this reason the interpretation of images should be 
carefully done. When in confusion, scrotal exploration is a 
logical option. 


TREATMENT 


The antimicrobials should be selected on the empirical 
basis. In young, sexually active men, C. trachomatis 
is usually causative organism while in older men with 
benign prostatic hyperplasia or other micturition 
disturbances, the most common uropathogens are 


involved. Microbiological results from puncture of the 
epididymis and from urethral swabs, as well as urine, 
have shown very good correlation. For this reason, prior 
to antimicrobial therapy, a urethral swab and MSU 
should be obtained for microbiological investigation. 
Fluoroquinolones (e.g. ofloxacin and levofloxacin) 
should be the drugs of first choice in C. trachomatis 
because of their broad antibacterial spectra and their 
favorable penetration into the tissues of the urogenital 
tract. For C. trachomatis, doxycycline, 200 mg/day for a 
total treatment period of at least 2 weeks is also a good 
alternative treatment.?™ 


Surgical Treatment 


Drainage of any collection is a mandatory treatment 
which may be carried out under appropriate anesthesia 
(Figs 24.2A and B). Urgent decision of exploration may be 
indicated in doubtful cases. However, a bedside ultrasound 
can provide useful guide to the clinicians.” 

The supportive therapy includes bed rest, up 
positioning of the testes and antiphlogistic therapy. 
In young men, epididymitis can lead to permanent 
occlusion of the epididymal ducts and thus to infertility, 
one should consider a short course of steroid therapy with 
methylprednisolone, 40 mg/day and reduce the dose by 
half every 2nd day.”® 

In all cases of C. trachomatis epididymitis, the sexual 
partner should also be treated. Ifa collection of pus is seen, 
it may need surgical treatment. It should be noted that a 
chronic epididymitis can sometimes be the first clinical 
manifestation of urogenital TB.° 


Figs 24.2A and B: Drainage of scrotal abscess 
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AKM Khurshidul Alam, MA Salam 


To meet the goal of infection free recovery from urological 
surgery, perioperative antibacterial prophylaxis 
was proposed. But, the choice of antibiotics and 
prophylactic regimens is limited. Unfortunately, there 
is no evidence of any benefits of antibiotic prophylaxis 
in standard noncomplicated endoscopic procedures 
and extracorporeal shockwave lithotripsy. Even for open 
surgery, the same rules, as in abdominal surgery, can be 
applied.'? 

Antibiotic prophylaxis is not required for clean 
operations, while a single or one-day dosage is 
recommended in clean contaminated operations. 
Opening of the urinary tract should be considered as 
clean contaminated surgery which requires antibiotics to 
prevent infection. The patients may be grouped as: 

e Previous instrumentation 

e History of genitourinary infection 

e Assumed bacterial colonization 

e Prolonged hospital or institutional stay 

e Risk factors related to general health, e.g. diabetes 
mellitus, impaired immune system and malnutrition. 

Administration route will depend on the type of 
intervention and patient characteristics. Single dose 
or a short course of antimicrobials can be given either 
parenterally or orally. The oral administration requires 
drugs having good bioavailability. In situation like continuous 
urinary drainage, intermittent catheterization, stenting 
of urinary tract prolongation of perioperative antibiotic 
prophylaxis isnotrecommended.Some antibiotics are suitable 
for perioperative antibacterial prophylaxis, e.g. second- 
generation cephalosporins, cotrimoxazole-sulfamethoxazole 
(TMP-SMZ), fluoroquinolones, aminopenicillins plus a 
beta-lactam inhibitor (BLI) and aminoglycosides. Broad- 
spectrum antibiotics should be used sparingly and reserved 
for treatment. Use of antimicrobials should be based on 
knowledge of the local pathogen profile and antibiotic 


Perioperative Antibacterial 
Prophylaxis in Urology 


susceptibility pattern. Best practice includes surveillance 
and an audit of infectious complications. 

The principle and use of antibiotic prophylaxis in 
urology have been controversial. Literature search 
indicates that most studies in the past were poorly 
designed and have lacked statistical power. Inconsistency 
concerning definitions and assessment of risk factors is 
a practical problem. Currently, urological practice has 
changed particularly in the last decade and it appears that 
the older studies are no longer relevant. Surveys among 
standard urological practices in Europe have revealed wide 
differences in regimens and opinion about the choice of 
antibiotics for prophylaxis. As a result, still there is a need 
for evidence-based guidelines. 

The objective of the presentation is to discuss the 
current state of knowledge and to propose practical 
recommendations based on clinical studies, expert 
opinions and professional consensus. Recommendations 
from German Society of Urology, the French Association 
of Urology and the Swedish-Norwegian Consensus Group 
were considered. 

Pan-European studies found that 9.7% of patients 
had a healthcare, nosocomially acquired urinary tract 
infection (NAUTI) and illustrate the need for a stringent 
antibiotic policy and recommendations for antibiotic 
prophylaxis to be included in the general antibiotic policy 
of each hospital. 


AIMS AND OBJECTIVES 


The antibiotic prophylaxis and antibiotic therapy are 
not same but are of two different issues. The antibiotic 
prophylaxis aims at preventing associated infections 
resulting from diagnostic and therapeutic procedures. To 
achieve an infection free outcome, antibiotic prophylaxis 
is only one of the several measures to prevent infections. 
This prophylactic program can never compensate for poor 
hygiene and operative technique. This holds true also that 
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on the other hand, antibiotic therapy is the treatment of 
an established, clinically suspected or microbiologically 
proven infection. In some clinical situations, however, that 
is not easily classified as either “prophylaxis” or “therapy’, 
e.g. patients with long-term indwelling catheters and 
bacteriuria. 

Febrile and complicated urinary tract infections are 
mainly complications of endoscopic surgery and the use 
of indwelling catheters and stents (Box 25.1). They may 
also occur following open surgery of the urinary tract. 
Sepsis can be seen in all forms of procedures.”* 

Sometimes minor wound infections may lead to 
serious consequences, as in implant surgery. But on the 
other hand, asymptomatic bacteriuria after transurethral 
resection of the prostate (TURP) or other endourological 
procedures may disappear spontaneously and are usually 
of no clinical significance. There are other important issues 
concerned with the prevention of nonurological infections, 
e.g. endocarditis and postoperative pneumonia. 


RISK FACTORS 


The importance of risk factors are underestimated in 
most of the trials. The risk factors are related to: (a) 
general condition of the patient; (b) special risk factors, 
which are either endogenous (e.g. urinary tract stone, 
bacteriuria, impaired renal function) or; (c) exogenous 
(e.g. catheters, ureteral stents or prosthetic devices) 
procedures (Box 25.2). 

Traditional classification of surgical procedures 
according to Cruse and Foord into clean, clean- 
contaminated, contaminated and dirty operations applies 
to open surgery, but not to endourological interventions. 
Truth is that it is still controversial whether opening of the 


Box 25.1: Main types of infections encountered in 
urological practice 


urinarytract(i.e.bladdersurgery, radical prostatectomyand 
surgery of the renal pelvis and ureter) should be classified 
as clean or clean-contaminated surgery. Classification 
of transurethral surgery in infection prophylaxis is also 
controversial, but considered by the members of the 
European Expert Group as clean contaminated because 
the lower genitourinary tract is colonized by a microflora 
even in the presence of antibiotics. 

The Pan-European study on NAUTI identified the three 
most important risk factors for infection as: 

1. An indwelling catheter 
2. Previous urogenital infection 
3. Long preoperative hospital stay. 

The risk of infection varies with the type of intervention. 
The wide spectrum of interventions further complicates 
the provision of clear-cut recommendations. Furthermore, 
the bacterial load, the duration and difficulty of the 
operation, the surgeon’s skill and perioperative bleeding 
may also influence the risk of infection. 


PRINCIPLES OF ANTIBIOTIC PROPHYLAXIS 


The use of antibiotics cannot replace other basic 
measures to reduce infection. It should be understood 
that the benefit of antibiotic prophylaxis for most modern 
urological procedures has not yet been proven by well- 
designed interventional studies. 

The antibiotic prophylaxis aims at protecting the patient 
but not at the expense of promoting resistance. There is 
good evidence that intelligent use of prophylaxis can lower 
the overall consumption of antibiotics. This is essential 
to individualize the choice of antibiotic prophylaxis 
according to each patient’s cumulative risk factors. Urine 
culture prior to surgery is strongly recommended. 


Box 25.2: Special risk factors associated with an increased 
bacterial load 


201 


202 


Section 5 Genitourinary Infection 


Optimal time for antibiotic prophylaxis is from 
2 hours before, but not later than 3 hours after the start 
of an intervention. Oral antibiotic prophylaxis should be 
given approximately 1 hour before the intervention and 
intravenous antibiotic prophylaxis should be given at the 
induction of anesthesia. This timing allows the antibiotics 
to reach a peak concentration at the time of the highest risk 
during the procedure and an effective concentration later. 


Route of Administration 


In some cases, oral administration of antibiotics may be 
as effective as the intravenous route for antibiotics with 
sufficient bioavailability. This is recommended for most 
interventions when the patient can easily take the drug 
between 1 hour and 2 hours before intervention. Local 
irrigation of the operating field with antibiotics is not 
recommended. 


Duration of the Regimen 


The duration of perioperative prophylaxis should be 
minimized ideally to a single preoperative antibiotic dose. 
The perioperative prophylaxis needs to be prolonged only 
where there are significant risk factors. 


Choice of Antibiotics 


No clear-cut recommendations can be given, as there 
are considerable variations regarding both bacterial 
spectra and susceptibility to different antibiotics. 
The antimicrobial resistance is different in different 
geographical situation of the world. Knowledge of the 
local pathogen profile, susceptibility and virulence are 
mandatory in establishing local antibiotic guidelines. 
While choosing an antimicrobial agent, many factors 
needs to be considered like the procedure-specific risk 
factors, the contamination load, the target organ and the 
role of local inflammation, etc.”* 


REGIMENS FOR PROPHYLAXIS FOR 
DIFFERENT PROCEDURES 


Diagnostic Procedures 


The antimicrobial prophylaxis in core biopsy of the 
prostate is generally recommended but the choice of 
regimens remains debatable. Usually most regimens 
used are effective and recent studies suggest that 1 day 
doses and even single dose are sufficient. It is true that 
no benefit of antibiotic prophylaxis has been reported 


for cystoscopy, urodynamic examinations and diagnostic 
simple ureteroscopy, but bacteriuria, indwelling catheter 
and a history of genitourinary infection are risk factors that 
must be considered. 


Endourological Treatment Procedures 


Bladder Tumor Resection 


In fact, there is little evidence for benefit of antibiotic 
prophylaxis in transurethral resection of a bladder 
tumor. It may be logical however, antibiotic prophylaxis 
should be considered in large tumors with a prolonged 
resection time, in large necrotic tumors and in patients 
with risk factors. 


Transurethral Resection 


Transurethral resection of prostate is one of the best- 
studied urological interventions. Meta-analysis of 32 
prospective, randomized and controlled studies, which 
includes more than 4,000 patients, showed a clear benefit 
of antibiotic prophylaxis with a relative risk reduction of 
65% and 77% for bacteriuria and septicemia, respectively.** 
It must also be realized that there is a difference between 
smaller resections in healthy patients and large resections 
in at-risk patients. 


Cystoscopy and Ureteroscopy 


‘There are few studies defining the risk ofinfection following 
cystoscopy and ureteroscopy. No clear-cut evidence exists. 
It is reasonable, however, to distinguish between low-risk 
procedures, such as simple diagnostic and distal stone 
treatment, from higher-risk procedures, such as treatment 
of proximal, impacted stones and intrarenal interventions. 
Other risk factors (ie. size, length, bleeding and the 
surgeon’s experience) also need to be considered in the 
choice of regimen. 


Extracorporeal Shock Wave Lithotripsy 


Extracorporeal shockwave lithotripsy is one of the most 
commonly performed procedures in urology. No standard 
prophylaxis is recommended. However, prophylaxis must 
be considered in cases of internal stent and treatment due 
to the increased bacterial burden (e.g. indwelling catheter, 
nephrostomy tube, infectious stones) (IbA). Most antibiotic 
groups have been evaluated, such as fluoroquinolones, 
beta-lactamase inhibitors, including cephalosporins, as 
well as TMP-SMZ, but comparative studies are limited.’ 
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Laparoscopic Surgery 


There is a lack of sufficiently powered studies in 
laparoscopic surgery. However, it seems reasonable to 
manage laparoscopic surgical procedures in the same 
manner as the corresponding open procedures (inferior 
vena cava). 


Traditional Open Urological Operations 


Until now, no standard antibiotic prophylaxis is 
recommended in clean operations. While opening of 
the urinary tract, a single perioperative parenteral dose 
is recommended and this is particularly true for open 
classical enucleation of prostatic adenoma.*® 


Open Urological Operations with Bowel Segment 


In these procedures, antibiotic prophylaxis is 
recommended for clean contaminated operations in 
general surgery. A single-dose or 1-day dosage is generally 
recommended, although prolonged operation and other 
morbidity risk factors may support the use of a prolonged 
regimen, which should be less than 72 hours. Choice of 
antibiotic should focus on both aerobic and anaerobic 
pathogens. The evidence is based on colorectal surgery, 
but the experience is limited as for specific urological 
interventions. The use of antibiotics do not compensate 
the pre-preparative care, general principles of surgery to 
prevent infection and bowel preparation of a patient going 
for such a procedure. 


Protocol for Postoperative Drainage of the Urinary Tract 


If continuous urinary drainage becomes essential after 
surgery, the prolongation of perioperative antibacterial 
prophylaxis is not recommended unless a complicated 
infection requiring treatment is suspected. ‘The 
asymptomatic bacteriuria (bacterial colonization) is 
only to be treated prior to surgery or after removal of the 
drainage tube. 


Protocol for Implant of Prosthetic Devices 


Infectious complications in implant surgery are usually 
problematic and often result in removal of the prosthetic 
device. The diabetes mellitus is a potential risk factor and 
should be controlled adequately for preventing infection. 


The skin-related Staphylococci are responsible for most 
infections. Antibiotics used must be chosen to target 
these strains.’ 


CONCLUSION 


Antibiotic prophylaxis is a brief course of antibiotics 
administered before or at the start of an intervention and 
used to minimize the infectious complications resulting 
from diagnostic and therapeutic interventions. 

While the rationale for the use of antibiotics is well- 
accepted, possible side effects and development of 
microbial resistance patterns are potential risks. Therefore, 
an antibiotic prophylaxis policy should be well considered 
and ideally based on high levels of evidence." 

Ideally, antibiotic prophylaxis in urologic procedures 
should only be administered when well-performed 
studies demonstrate its beneficial effect on post- 
intervention infectious complications. Due to the current 
lack of evidence, those patients with increased risk 
of infectious complications should receive antibiotic 
prophylaxis. Further research is needed because, except 
for TURP and prostate biopsy, there is a lack of well- 
performed studies.* 


REFERENCES 


1. Hedelin H, Bergman B, Frimodt-Moller C, et al. Antibiotic 
prophlaxis in diagnostic and therapeutic urological 
interventions. Nord Med. 1995;110(1):9-11, 25. 

2. Wilson NI, Lewis HJ. Survey of antibiotic prophylaxis in 
British urological practice. Br J Urol. 1985;57(4):478-82. 

3. Grabe M. Controversies in antibiotic prophylaxis in urology. 
Int J Antimicrob Agents. 2004;23 Suppl 1:S17-23. 

4. Naber KG, Hofstetter AG, Brühl P, et al. Guidelines for 
perioperative prophylaxis in interventions of the urinary 
and the male genital tract. Int J Antimicrob Agents. 
2001;17(4):321-6. 

5. Grabe M. Perioperative antibiotic prophylaxis in urology. 
Curr Opin Urol. 2001;11:81-5. 

6. Bjerklund-Johansen TE, Naber K, Tenke P. The Paneuropean 
pre-valence study on nosocomial urinary tract infections. 
European Association of Urology, Vienna, Austria. 2004. 
pp.24-27. 

7. Horan TC, Gaynes RP. Surveillance of nosocomial infections. 
In: Mayhall CG (Ed). Hospital Epidemiology and Infection 
Control, 3rd edition. Philadelphia: Lippincott, Williams and 
Wilkins. 2004.pp.1659-702. 


203 


Chapter 


26 


PRELUDE 


Patients with recurrent urinary tract infection (UTI) are 
frequent visitors to most urologists’ offices, and a rapid 
and cost-effective approach to their management is 
required. Most patients with recurrent UTI are healthy 
women who need only a thorough history, physical 
examination, urinalysis and urine culture. It is essential 
to identify patients with risk factors for complicated UTI, 
who require a more extensive evaluation that frequently 
includes cystoscopy and upper-tract evaluation. These 
patients must have all abnormalities identified and treated 
to prevent recurrent infections. On the other hand, those 
with uncomplicated recurrent UTI can usually be treated 
with either peri-intercourse prophylaxis, intermittent 
self-start therapy, or low-dose long-term prophylaxis with 
inexpensive oral antibiotics.'* 


DEFINITIONS 


Recurrent UTI is defined as two uncomplicated UTIs in 
6 months or more traditionally as three positive cultures 
within the preceding 12 months. This is estimated to affect 
25% of women with a history of UTI. When there is recurrent 
infection with the same organism despite adequate therapy, 
it is considered a relapse. Reinfection is defined as recurrent 
UTI caused by a different bacterial isolate or by the previously 
isolated bacteria after a negative intervening culture or an 
adequate time period of 2 weeks between infections.”* 

Two or more symptomatic UTIs (dysuria, frequency, 
urgency, hematuria and suprapubic discomfort, not 
associated with voiding) within a 12-month period following 
clinical resolution of each previous UTI, after treatment 
with antimicrobial agents. The majority of cases are among 
women having no anatomical or physiological abnormality 
related to the urinary tract, therefore, investigation for urinary 
tract abnormalities is unlikely to be of benefit; subgroups 
that would benefit from investigation are not clearly defined. 


Recurrent Urinary 
Tract Intection 
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e Reinfection: It is a type of recurrent UTI, caused by a 
different pathogen strain at any time or the original 
infecting strain more than 13d after treatment of the 
original UTI. 

e Relapse: It is a type of recurrent UTI, caused by the 
same species as that causing the original UTI within 
2 weeks after treatment. 


RISK FACTORS 


Premenopausal Women 


Risks include history of first episode of acute cystitis 
before the age of 15 years, a mother with a history of 
UTIs, frequent sexual intercourse, new sex partner within 
the past year, nonsecretor of ABH blood group antigens, 
P1 genetic phenotype, and short distance between the 
urethra and anus. 


Postmenopausal Women 


Risk factors for the recurrent urinary tract infection in 
postmenopausal women may be associated with the 
presence of a cystocele or high post-void residual urine. 
Other risk factors include a history of a premenopausal 
UTI and being a nonsecretor of ABH blood group antigens 
and with local tissue changes due to decreased local 
estrogen (elevated vaginal pH and the absence of vaginal 
lactobacilli may play a role). 

No association between pre- and postcoital voiding 
patterns, douching, use of hot tubs, frequent use of 
pantyhose or tights, or body mass index and recurrent UTI. 


Pregnant Women 


Pregnant women have an increased risk of recurrent 
UTI from 6-24 weeks gestation due to changes in the 
urogenital tract. 
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DIAGNOSIS 


e Point of care confirmation of diagnosis includes: (1) 
dipstick positive leukocyte esterase test or positive 
nitrite (75% sensitive, 82% specific); (2) more than100 
cfu/mL on midstream clean-catch urine culture and 
(3) more than nine white blood cells per high power 
field (WBCs/HPF). 

e Culture and sensitivity only if UTI symptoms persist at 
the end of treatment or symptoms recur within 7 days 
of completion of therapy for initial UTI or second UTI. 

e Diagnostic imaging and other testing for urinary tract 
abnormalities is usually not indicated. Isolation of 
Proteus sp requires an evaluation for renal stones 
beginning with a CT or renal ultrasound. 


ANTIMICROBIAL STRATEGY FOR THE TREATMENT 
OF URINARY TRACT INFECTION 


There are as many options for prevention and management 
of recurrent UTI as there are studies on the issue. The 
number needed to treat to prevent one symptomatic 
recurrent UTI was 2.2. Antibiotics in this review were 
fluoroquinolones (norfloxacin, ciprofloxacin, pefloxacin), 
cephalosporin (cephalexin, cefaclor), trimethoprim 
(TMP), sulfamethoxazole (SMZ) and nitrofurantoin. No 
antibiotic was superior. Choice of antibiotic should rely 
on community patterns of resistance, adverse events and 
local costs. Three main management strategies generally 
considered are: (1) continuous antimicrobial prophylaxis; 
(2) postcoital prophylaxis and; (3) patient-administered 
selftreatment. For patients with two UTIs per year, the acute 
self treatment may be useful. Patients with three infections 
annually should be offered a regimen of continuous, 
low-dose prophylaxis or postcoital prophylaxis.** 


Continuous Prophylaxis 


e Trimethoprim-sulfamethoxazole 1/2 SS tab (40 mg/200 
mg) per os (PO) or by mouth q hours or TMP 100 mg 
PO q hours, if Escherichia coli resistance locally to these 
agents less than 20% x 6-12 months 

e Nitrofurantoin 100 mg PO ghs x 6-12 months 

e Ciprofloxacin 125 mg PO ghs x 6-12 months 

e Norfloxacin 200 mg PO ghs x 6-12 months 

e Cefaclor 250 mg PO ghs x 6-12 months 

e See UTI in pregnant women for regimens in pregnancy 

e Long-term antibiotic prophylaxis (> 12 months) has not 
been adequately evaluated in randomized controlled 
clinical trials and may be of benefit although is likely 


to have a significant side-effect profile and effect on 
antibiotic resistance. 


Postcoital Regimens (Within 2 Hours of Coitus) 


e Cotrimaxazole 1/2 tab (40 mg/200 mg) PO ghs x 
3 days 

e PO postcoitally x 1 (if TMP-SMZ resistant E. coli 
prevalence locally < 20%) 

e Ofloxacin 100 mg PO or norfloxacin 200 mg PO or 
ciprofloxacin 125 mg PO, postcoitally x 1 

e Nitrofurantoin 50-100 mg PO, postcoitally x 1. 


Self Treatment (At Onset of Symptoms) 


e Co-trimaxazole 1/2 tab (40 mg/200 mg) PO ghs x 
3 days 

e Nitrofurantoin 100 mg PO once daily x 3 days 

e Norfloxacin 200 mg PO once daily x 3 days 

e Ciprofloxacin 125 mg PO once daily x 3 days. 


Other Prevention Modalities 


Cranberry Juice and Cranberry Containing 
Products for Prophylaxis 


There is some evidence from two randomized control 
trials that cranberry juice (using fresh juice) may 
decrease the number of UTIs over a 12 months period in 
child-bearing aged women. Data for children or elderly 
men and women not clear. The optimal dose is also 
uncertain. 

e Methenamine hippurate: Insufficient data to support 
recommendation for use for continuous prophylaxis. 

e Voiding after intercourse: No data to support the 
recommendation. 

e Lactobacillus species vaginal suppositories: Use of 
probiotic Lactobacillus species is only beginning to 
be studied but may have a role in the future; small 
clinical trials with too few subjects upon which to base 
recommendations. 

e Topical vaginal estrogen in postmenopausal women: 
Use is controversial. This may wish to consider in 
women with less than two recurrent UTI per year where 
more than 20% of local E. coli isolates are resistant to 
both TMP-SMZ and fluoroquinolones. 

e Heat-killed uropathogen vaginal suppository vaccines: 
Phase II clinical trials have been conducted and show 
some promise especially in preventing recurrent UTI 
associated with uropathogenic E. coli. 
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e Oral E. coli extract: It is available as a prophylactic 
modality in most European, Asian and South American 
countries based upon multiple small studies. Such 
products are not FDA-approved for use in the US. 


MANAGEMENT OF SPECIFIC 
UROLOGICAL INFECTION 


Pyonephrosis 


Pyonephrosis refers to a patient with acute pyelonephritis 
complicated by obstructed hydronephrosis. The 
intravenous urography (IVU) will show nonfunction 
or poor visualization of the involved kidney. Renal 
ultrasound can usually make the diagnosis. Fifty percent 
of obstructed pyonephrotic kidneys are nonfunctioning. 
Obstruction should always be rules out in pyelonephritis. 
Renal ultrasound is usually sufficient. 


Management 


Intravenous (IV) antibiotics and immediate relief of 
obstruction by either a percutaneous nephrostomy or 
placement of a retrograde ureteral stent are mandatory. 


Emphysematous Pyelonephritis 


Emphysematous pyelonephritis is a rare complication 
of acute pyelonephritis in which organisms (generally 
E. coli) ferment glucose to CO, and H,O, producing gas 
in the renal parenchyma. A characteristic appearance 
on kidney, ureter and bladder (KUB) is diagnostic. 
Eighty percent of cases occur in poorly controlled 
insulin dependent diabetics and the rest in patients with 
obstruction. Prognosis is very poor with 50% mortality. 
Management consists of antibiotics and nephrectomy. 


Renal Abscess (Carbuncle) 


Renal cortical or medullary abscesses typically arise from a 
focus of pyelonephritis (usually E. coli) or by hematogenous 
spread of Staphylococcus aureus from a distant cutaneous 
infection, particularly in IV drug abusers. Patients present 
with chills, fever and flank pain. Urinalysis may be normal 
in a Staphylococcus renal abscess. Complete blood count 
will show marked leukocytosis with shift to the left. 


Diagnosis 


Renal ultrasound or CT scan can usually make the 
diagnosis. Percutaneous needle aspiration of the mass will 
confirm the diagnosis. 


Treatment 


Initial therapy should be with IV antibiotics. 
Staphylococcal abscesses should be treated with beta- 
lactamase resistant penicillin (PCN), such as nafcillin. 
Ampicillin and gentamicin are appropriate for a gram- 
negative. Drainage by percutaneous aspiration or 
surgical incision may be necessary. Nephrectomy is 
rarely needed. 


Perinephric Abscess 


A perinephric abscess lies between the renal capsule and 
the perirenal (Gerota’s) fascia. Rupture of an intrarenal 
abscess into the perirenal space is the most common 
etiology, however, hematogenous seeding from distant 
sites of infection do occur. The most common organisms 
are Proteus, E. coli (from an intrarenal abscess) and 
Staphylococcus aureus (from distant infections). 
Mortality has been reported as high as 50%, mostly 
because of the difficulty in making a diagnosis. Diabetics 
and patients with polycystic kidneys on hemodialysis 
are particularly susceptible. 


Diagnosis 


It is best made by renal ultrasound and CT scan aided by 
diagnostic needle aspiration. 


Treatment 


The primary treatment of a perinephric abscess is 
percutaneous or surgical drainage. Antibiotics are needed 
to control sepsis. Nephrectomy may be indicated if the 
kidney is nonfunctioning or severely infected. 


Chronic Pyelonephritis 


Chronic pyelonephritis is a radiologic (IVU) or 
pathologic biopsy diagnosis referring to severe cortical 
scarring or the small, contracted, atrophic kidney. If 
etiology is unclear, however, it appears to originate in 
childhood and is associated with recurrent bacteriuria 
and vesicoureteral reflux. 


Xanthogranulomatous Pyelonephritis 


Xanthogranulomatous pyelonephritis is an uncommon, 
atypical chronic renal parenchymal infection that is 
often misdiagnosed as a renal tumor. Its etiology is 
unknown, but infection and obstruction are almost 
always present. 
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Presentation 


Fever, chills, flank pain and flank mass are typical. The 
IVU shows a renal mass in 60% and stones in 40-70%. 
Persistent bacteriuria occurs in less than 50%, with Proteus 
and E. coli the most frequent organisms. It can be difficult 
to differentiate from renal cell carcinoma; therefore, the 
diagnosis is often made at surgical exploration. 


Treatment 


Partial or total nephrectomy is the usual treatment. 


Cystitis 


Acute bacterial cystitis is an infection of the bladder with 
organisms, which ascended from the urethra. Its hallmark 
is irritative voiding symptoms including frequency, 
urgency, nocturia and dysuria. Patients will often complain 
of low back or suprapubic pain. Fever is usual. Urinalysis 
typically shows pyuria, bacteriuria and hematuria. Urine 
cultures are positive and E. coli is the usual pathogen. A 
persistent proteus infection should suggest the possibility 
of an infected struvite stone. 

Women have a higher incidence of cystitis, which 
increases throughout their lifetime. Recurrence is also 
high and is associated with coliform bacterial colonization 
of the urethra and vaginal vestibule. 

Men are more likely to have other associated urinary 
problems (i.e. prostatitis, urethritis, strictures or benign 
prostatic hyperplasia) which must be treated. 

Children with a UTI, particularly infants, should 
have a thorough evaluation of the urinary tract including 
voiding cystourethrogram (VCUG) and renal ultrasound. 
(The VCUG should be postponed for 4-6 weeks, because 
incidental low-grade reflux is often observed during an 
acute infection). 


Treatment 


Short-course (3 days) or single-dose chemotherapy has 
been shown to beas effective as 7-14 days of therapyin adult 
nondiabetic women and children with uncomplicated 
lower UTI of less than 2 days duration. Sulfonamides, 
TMP-SMZ, ciprofloxacin and nitrofurantoins are usually 
effective agents for initial therapy. Antibiotic choice should 
always be guided by sensitivity testing when available. 


Pyocystitis 


Acute pyocystitis most commonly occurs in dialysis 
patients with low or absent urine output. Patients may 


present with fever, suprapubic pain and a palpable mass. 
Pelvic ultrasound can help make the diagnosis; however, 
a strong suspicion would warrant a diagnostic bladder 
aspiration. Management involves draining the bladder and 
providing appropriate antibiotic coverage. It is interesting 
that the urinary stasis which occurs in these inactive 
bladders does not predispose to infection more frequently. 


Emphysematous Cystitis 


Emphysematous cystitis (cytitis emphysematosa) is a 
rare manifestation of UTI characterized by gas within the 
bladder or its muscular wall. It usually occurs in severe 
diabetics and is commonly caused by E. coli, Proteus, 
Pseudomonas and rarely Clostridia. Certain strains of 
these bacteria have the potential to ferment glucose. Other 
causes of air in the bladder include instrumentation and 
colovesical fistulas. The radiographic picture on KUB is 
pathognomonic. Cystography will confirm the location of 
the gas to the bladder. 

Treatment is appropriate antibiotic therapy, control of 
glycosuria and relief of any outlet obstruction. 


Urethritis 


Urethritis in men presents with urethral discharge, dysuria 
and frequency. It is an infection acquired by inoculation 
of organisms into the urethra during sexual intercourse. 
It is classified as gonococcal or nongonococcal urethritis 
(NGU) based on the causative pathogens. 


Gonococcal Urethritis 


Gonococcal urethritis is caused by a gram-negative 
Diplococcus, Neisseria gonorrhoeae. It has a_ short 
incubation period of 1-5 days and produces a purulent, 
yellowish discharge with dysuria. 

Diagnosis is based on a history of sexual contact, a 
purulent discharge with dysuria and a positive gram stain 
and/or culture. The specimen of culture and gram stain 
must be carefully taken from within the urethra using a 
calcium alginate urethrogenital swab at least 1 hour after 
the patient last voided. A modified Thayer-Martin culture 
medium should be directly inoculated. 


Treatment 


Treatment should not await culture results even ifthe gram 
stain is negative when suspicion is high. Aqueous procaine 
PCN G 4.8 x 106 units intramuscular (IM) (2.4 in each 
buttock) with 1.0 gm of probenecid PO and tetracycline 
500 mg PO qid x 7 days is appropriate treatment. The 
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tetracycline may be given alone if the patient is allergic 
to PCN. Due to increasing PCN resistant strains of 
gonorrhea in some areas, ceftriaxone, 250 mg IM, is the 
recommended first choice of antibiotic in place of PCN 
and probenecid. 


Nongonococcal Urethritis 


Nongonococcal urethritis is believed to be the most 
common cause of urethritis in men, with Chlamydia 
being the most important pathogen. It has a prolonged 
incubation period of 5-21 days and produces a mucoid, 
whitish discharge, with or without dysuria. The diagnosis 
of NGU requires the exclusion of gonorrhea and the 
demonstration of urethritis (gram stain of urethral swab 
showing more than four polymorphonuclear leukocytes 
per oil immersion field). 


Treatment 


Tetracycline 500 mg PO qid x 7 days or minocycline or 
doxycycline 100 mg PO bid x 7 days or erythromycin 500 
mg PO qid x 7 days. 

Reiter’s syndrome is a rare complication of NGU 
possibly due to Chlamydia trachomatis. It can present with 
arthritis, conjunctivitis, balanitis circinata or keratoderma 
blennorrhagia. 

Urethritis in women presents with frequency, dysuria 
and often pyuria; however the urine culture will show no 
growth. Vaginitis accounts for up to 1/3 of these cases 
and must be diagnosed and treated appropriately. 
Gonorrhea or chlamydial infection will be responsible 
for most of the other patients, despite the absence of a 
urethral discharge. 


Vaginitis 

Vaginitis often produces symptoms, which mimic a 
bladder infection and therefore must be recognized 
so that appropriate treatment may be rendered. The 
normal vaginal discharge is clear white or gray with a 
pH less than 4.5 and rare leukocytes. The most common 
causes of adult vaginitis are Trichomonas, Candida and 
nonspecific organisms. 


Trichomonas Vaginitis 


It is caused by a flagellated protozoan, Trichomonas 
vaginalis and produces a thin, watery, yellowish green and 
foamy malodorous discharge. Patients may present with 
soreness, itching and dysuria. Their discharge may liberate 
a fishy odor with 10% KOH, has a pH more than 4.5 and will 


show leukocytes and motile trichomonads. Trichomonas 
culture is positive. 


Treatment 


Metronidazole (Flagyl) 250 mg PO tid x 7 days or a 
single 2 gm dose PO. In pregnancy, clotrimazole vaginal 
suppositories should be used. 


Note: Patients should abstain from drinking alcohol 
while on Flagyl. 


Candida Vaginitis (Monilia) 


Candida vaginitis (Monilia) is generally caused by 
Candida albicans and produces a thick, white, cheesy 
and curd like discharge. Mycotic or fungal vaginitis most 
often occurs in pregnancy, diabetics and in patients taking 
oral contraceptives or antibiotics, especially tetracycline. 
Patients present with intense itching and discharge which 
shows yeast like buds and hyphae on 10% KOH preparation 
and has a pH less than 4.5. 


Treatment 


Nystatin (mycostatin) vaginal suppositories of 10,000 
units bid x 14 days. Alternative therapy is myconazole or 
clotrimazole 100 mg intravaginally qid x 7 days. 


Prostatitis 


Acute Bacterial Prostatitis 


It is present with sudden onset of chills, high fever, low 
back and perineal pain. Patients have frequency, urgency, 
dysuria and varying degrees of bladder outlet obstruction. 
Generalized malaise with arthralgias and myalgias is 
common. The prostate is exquisitely tender and swollen on 
rectal exam. Prostate massage should not be performed. 
The organism (usually E. coli) can generally be cultured 
from the voided urine. 


Treatment 


It is TMP-SMZ, 160 mg, TMP and 800 mg SMZ PO bid until 
culture results are available. If the pathogen is susceptible, 
a 30-day course should be given to prevent chronic 
prostatitis. Alternative therapy is full dose IV ampicillin 
and gentamicin until culture results are available; then 
continue for 30 days with a suitable oral agent. Avoid 
instrumenting the urethra. Acute retention should be 
managed with a suprapubic tube. 
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Prostaticabscess: Itisan uncommon complication ofacute 
bacterial, prostatitis E. coli is thought to be responsible for 
70% of cases; however, N. gonorrhea was the most common 
pathogen in the past. Patients present with acute retention, 
high fever and a fluctuant prostate on rectal examination. 


Treatment 


Treatment consists of antibiotics and surgical drainage 
by transperineal aspiration under local anesthesia with a 
large bore needle. A transurethral resection of the prostate 
(TURP) or perineal incision is occasionally necessary. 


Chronic Bacterial Prostatitis 


It has a variable presentation. Most patients may present 
with irritative voiding symptoms including frequency, 
urgency and dysuria and some complaints of genital or 
perineal pain. Fever and chills are unusual. Recurring UTIs 
caused by the same organism is the hallmark of chronic 
bacterial prostatitis. Prostatic expressates show more than 
10 WBC/HPF and macrophages containing fat (oval fat 
bodies). Prostatic calculi are often seen on plain films of 
the pelvis. 


Treatment 


Treatment is long-term therapy with TMP-SMZ, 160 mg 
TMP and 80 mg SMZ PO bid for 4-16 weeks. Alternative 
antibiotics include carbenicillin, minocycline 100 mg PO 
bid x 4-6 weeks and erythromycin 500 mg PO qid x 4-6 
weeks. Patients with prostatic calculi that are unresponsive 
to antibiotic therapy may benefit from a radical TURP. 


Nonbacterial Prostatitis 


It is the most common prostatitis syndrome and has no 
known etiology. Patients present with irritative voiding 
symptoms and also complain of genital or perineal pain. 
Prostatic expressates will be positive for inflammatory 
cells, similar to chronic bacterial prostatitis. However, 
patients with nonbacterial prostatitis will have negative 
culture and no history of documented UTIs. There is 
some evidence that ureaplasma urealyticum may be the 
causative agent in occasional cases. 


Treatment 


A clinical trial using minocycline, doxycycline or 
erythromycin in full dose for 2-4 weeks is reasonable; 
otherwise, treatment consists primarily of symptomatic 
care (hot hip baths, anti-inflammatory agents, etc.). 


Prostatodynia 


Prostatodynia describes patients with symptoms 
suggesting prostatitis but have negative cultures, no history 
of UTI and negative prostatic smear for inflammation. 
‘These are generally men, 20-45 years of age, who complain 
predominantly of perineal of pelvic pain, often associated 
with sitting or activity. The cause is not known. 


Treatment 


Treatment consists of patient reassurance and emotional 
support. 


Acute Epididymitis 


Acute epididymitis is an infection of the epididymis 
acquired by retrograde spread of organisms down the vas 
from the urethra. Patients may present with heaviness and 
a dull, aching discomfort in the affected hemiscrotum 
which can radiate up to the ipsilateral flank. The epididymis 
will be markedly swollen and exquisitely tender to touch, 
eventually becoming a warm, red, enlarged, scrotal mass, 
indistinguishable from the testis. Fever and chills may 
develop and patients usually have pyuria and bacteriuria. 


Pathogens 


In sexually active men of less than 35 years age, C. 
trachomatis and Neisseria gonorrhea are the most common 
organisms. In children and men less than 35 years of age, 
E. coli is the most common pathogen. 


Diagnosis 


It must be emphasized that torsion of the testicle must 
always be ruled out. This is discussed in detail elsewhere. 
The presence of epididymitis in children of less than 
10 years is uncommon and should suggest urethral 
obstruction, (i.e. stricture, valves or meatal stenosis). Adult 
men are at risk of epididymitis from an indwelling Foley 
catheter, urethral instrumentation and following a TURP. 
Culture results are particularly important in this group. 
Sexually active men will usually have an accompanying 
urethritis. The diagnosis is usually made from history, 
physical exam and a positive urinalysis. 


Treatment 
Treatment should begin immediately. For sexually 
transmitted chlamydial or gonorrheal epididymitis 


tetracycline 500 mg PO qid x 2-3 weeks is appropriate. For 
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nonsexually transmitted episodes in older men and children 
(TMP-SMZ, 160 mg TMP and 800 mg SMZ) PO bid for 4 weeks 
is recommended. Antibiotic choices should be modified 
based on culture results. Management should include bed 
rest and scrotal elevation initially. Analgesics and a cord block 
with 1% or 2% xylocaine (lidocaine without epinephrine), 
can provide considerable relief. Complete resolution of pain 
and swelling may take several weeks to months. 


Scrotal Abscess Formation 


Itmay complicate a prolonged episode ofacute epididymitis. 
Fixation of the testis to the scrotal wall heralds such an 
event. An ultrasound should be obtained to confirm the 
presence of an abscess. Orchiectomy is usually indicated. 


Chronic Epididymitis 


Chronic epididymitis can be the result of several recurrent 
episodes of acute epididymitis producing chronic 
induration and pain. Treatment consists of long-term low 
dose antibiotics or epididymectomy. 


Orchitis 


Orchitis is generally secondary to an extension of an 
associated epididymitis, producing an epididymo-orchitis. 
Treatment is identical to acute epididymitis. 


Mumps Orchitis 


It is a specific instance of metastatic infection to the testis 
during an episode of viral mumps, usually occurring 4-6 
days after the appearance of parotitis. 


Treatment 


Treatment consists of symptomatic relief including bed 
rest, scrotal elevation and analgesics. Short-course steroid 
therapy is very useful to relieve the inflammation and 
believe to help in saving seminiferous tubular damage. 


RECOMMENDATIONS ON RECURRENT 
URINARY TRACT INFECTION 


e Urinalysis and midstream urine culture and sensitivity 
should be performed with the first presentation of 
symptoms in order to establish a correct diagnosis of 
recurrent urinary tract infection. 


e Patients with persistent hematuria or persistent 
growth of bacteria aside from E. coli should undergo 
cystoscopy and imaging of the upper urinary tract. 

e Sexually active women suffering from recurrent 
UTIs and using spermicide should be encouraged to 
consider an alternative form of contraception. 

e Prophylaxis for recurrent UTI should not be undertaken 
until a negative culture 1-2 weeks after treatment has 
confirmed eradication of the urinary tract infection. 

e Continuous daily antibiotic prophylaxis using 
cotrimoxazole, nitrofurantoin, cephalexin, TMP, 
TMP-SMZ, or a quinolone during a 6-12-month period 
should be offered to women with two UTIs in 6 months 
or three UTIs in 12 months. 

e Women with recurrent UTI associated with sexual 
intercourse should be offered postcoital prophylaxis 
as an alternative to continuous therapy in order to 
minimize cost and side effects. 

e Acute self treatment should be restricted to compliant 
and motivated patients in whom recurrent UTIs have 
been clearly documented. 

e Vaginal estrogen should be offered to postmenopausal 
women who experience recurrent UTIs. 

e Patients should be informed that cranberry products 
are effective in reducing recurrent UTIs. 

e Probiotics and vaccines cannot be offered as 
proven therapy for recurrent urinary tract infection. 
Pregnant women at risk of recurrent UTI should be 
offered continuous or post-coital prophylaxis with 
nitrofurantoin or cephalexin, except during the last 4 
months of pregnancy.°”” 


CONCLUSION AND FUTURE 


An injectable vaccine developed in Switzerland was found 
to be effective, with no adverse effects observed in pregnant 
women or their offspring. In order to obviate some adverse 
reactions of the parenteral vaccine, four mucosal vaccines 
were developed as a vaginal suppository or an oral tablet, 
but the vaccine’s benefits seemed to decline after the 
last dose. The only parenteral vaccine currently under 
development, FimCH, has proven to be safe in a phase I 
clinical trial. A phase II clinical trial has been completed, 
but data are not yet available. 

The self-start therapy is ideal for women who are not 
suitable candidates for long-term daily prophylaxis or who 
are unwilling to take it. However, this strategy should be 
restricted to those women who have clearly documented 
recurrent infections and who are motivated, compliant 
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with medical instructions and have a good relationship 
with a medical provider.*”” 
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PRELUDE 


Sexually transmitted diseases (STDs) are sometimes 
referred to as sexually transmitted infections, since 
these conditions involve the transmission of an 
infectious organism between sex partners. More than 
20 different STDs have been identified, and about 19 
million men and women are infected each year in the 
United States, according to the Centers for Disease 
Control (CDC) (2010). 

The incidence, prevalence and variety of STDs have 
increased remarkably in recent years. These include 
the five classic venereal diseases (syphilis, gonorrhea, 
chancroid, granuloma inguinale and lymphogranuloma 
venereum), together with urethritis, vaginitis, hepatitis, 
genital herpes and the acquired immunodeficiency 
syndrome (AIDS). Serious consequences of these diseases 
have also increased like spontaneous abortions, ectopic 
pregnancies, pelvic inflammatory disease, infertility, 
cervical carcinoma and death. In addition, 60% of patients 
who have one STD have been shown to have another. In 
light of these facts, examination and treatment of all sexual 
partners are strongly recommended.'* 


FACTORS RESPONSIBLE FOR THE SEXUALLY 
TRANSMITTED DISEASES 


The younger a person starts having sex, the greater his or 
her chances of becoming infected with an STD. People 
who have sexual contact, not just intercourse, but any form 
of intimate activity, with many different partners are more 
at risk than those who stay with the same partner. Latex 
condoms are the only form of birth control that reduce 
your risk of getting an STD and must be used every time. 
Spermicides, diaphragms and other birth control methods 
may help prevent pregnancy, but they do not protect a 
person against STDs.** 


Sexually Transmitted Diseases 


Pranashish Saha, Kazi Rafiqul Abedin 


Sexually Transmitted Diseases Caused by Bacteria 


e Chancroid (Haemophilus ducreyi) 

e Chlamydia (Chlamydia trachomatis) 

e Gonorrhea (Neisseria gonorrhea) 

e Granuloma inguinale (Calymmatobacterium 
granulomatis) 

e Lymphogranuloma venereum (C. trachomatis) 

e Syphilis (Treponema pallidum) 


Sexually Transmitted Diseases Caused by Viruses 


e Genital herpes [herpes simplex virus (HSV)] 

e Genital warts [human papilloma virus (HPV)] 

e Hepatitis B and D, and infrequently, A, C and E 
(hepatitis viruses, types A-E) 

e Human immunodeficiency virus (HIV)/AIDS 

e Molluscum contagiosum (pox virus) 


Sexually Transmitted Disease Caused by Protozoan 


Trichomoniasis (Trichomonas vaginalis). 


Sexually Transmitted Diseases Caused by Fungi 

e Jock itch (Taenia cruris) 

e Yeast infections (Candida albicans) 

Sexually Transmitted Diseases Caused by Parasites 


e Pubic lice or crabs (Pediculosis pubis) 
e Scabies (Sarcoptes scabiei) 


NONGONOCOCCAL URETHRITIS 


Chlamydia trachomatis is believed to be the most 
common cause of nonspecific urethritis in men (followed 
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by Ureaplasma urealyticum, Mycoplasma hominis and T. 
vaginalis). It has a prolonged incubation period of 5-21 
days and produces a watery or mucoid, whitish discharge, 
with or without dysuria. 


Diagnosis 


Diagnosis of nongonococcal urethritis requires 
the exclusion of gonorrhea and demonstration of 
urethritis (gram stain of urethral swab showing > 4 
polymorphonuclear per oil immersion field). Confirmation 
with Chlamydial culture should be attempted. 


Treatment 


Tetracycline 500 mg qid x 7 days, or minocycline or 
doxycycline 100 mg bid x 7 days, or erythromycin 500 mg 
qid x 7 days is recommended for chlamydial or ureaplasma 
infections. Treatment failure can be expected in 20-40% of 
men. Trichomonas urethritis is treated with metronidazole 
(Flagyl) 2 gm single dose PO. 


Reiter’s Syndrome 


This is a rare complication of nongonococcal urethritis 
caused by C. trachomatis, which presents with arthritis, 
conjunctivitis, balanitis circinata or keratoderma 
blennorrhagica. 


GONORRHEA 


Gonorrhea is caused by a gram-negative intracellular 
Diplococcus, N. gonorrhea. It has a short incubation 
period of 1-5 days and most often produces a purulent, 
yellowish, urethral discharge with dysuria (Up to 45% of 
men with gonococcal urethritis will also be infected with 
C. trachomatis). Complications of gonorrhea in men 
include epididymitis, prostatitis, seminal vesiculitis and 
urethral strictures. 


Diagnosis 


Diagnosis is based on a history of sexual contact, a 
purulent discharge with dysuria, and a positive gram 
stain (intracellular gram-negative Diplococci within 
polymorphonuclear leukocytes) and/or culture. The 
specimen for culture and gram stain must be carefully 
taken from within the urethra using a calcium alginate 
(Calgiswab, Inolex) urethrogenital swab at least one hour 
after the patient last voided. A modified Thayer-Martin 
culture medium should be directly inoculated followed 


by prompt incubation. After culture inoculation, the 
swab should be rolled onto a clean microscope slide 
which is then air dried, heat fixed and gram stained. The 
presence of intracellular gram-negative diplococci makes 
the diagnosis. Routine urine cultures should also be 
obtained.** 


Treatment 


Treatment should not await culture results even if the 
gram stain is negative when suspicion is high. Administer 
aqueous procaine penicillin (PCN) G4.8x 106unitsIM (2.4 
ineachbuttock) with 1.0gmofprobenecidandtetracycline 
500 mg qid x 7 days. The tetracycline may be given alone 
if the patient is allergic to PCN. Because of increasing 
PCN resistant strains of gonorrhea in some areas, 
ceftriaxone, 250 mg IM, is the recommended first 
choice of antibiotic in place of PCN and probenecid. 
All patients should be re-examined in 3-7 days with 
repeat cultures obtained at that time. Single-dose 
ciprofloxacin may also be used. 


SYPHILIS 


The spirochete, T. pallidum, is the causative pathogen in 
syphilis. It usually gains entrance through the intact skin 
or mucous membranes of the penis in the male. Syphilis 
has been called the great imitator because of its varied 
manifestations as it progresses through stages. 


Primary Syphilis 


It is characterized by the chancre, a painless, shallow ulcer 
with indurate borders which appears 10-30 days following 
infection. It generally is solitary and lasts for 1-5 weeks. 


Secondary Syphilis 


It is characterized by highly infections macular papular 
or papulosquamous skin eruptions involving the palms 
and soles, the oral cavity and the anogenital areas with 
generalized adenopathy. 


Latent Syphilis 


Latent syphilis is without signs or symptoms of the 
disease; however, the spirochete has persisted in the body 
and has invaded all organs, most characteristically the 
cardiovascular and central nervous systems (i.e. tabes 
dorsalis). The patient remains potentially infectious for 
approximately the first 2 years of the disease. 
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Diagnosis 


Identification of the spirochete by dark-field microscopic 
examination of fresh material from a chancre is diagnostic. 
Positive rapid plasma reagin test, which is replacing the 
veneral disease research laboratory, is serologic evidence 
of syphilis. Serologic titers develop between 3 weeks and 
3 months following infection. It is almost 100% positive in 
secondary syphilis. The fluorescent treponemal antibody- 
absorption test is the most specific and sensitive test 
available for syphilis. 


Treatment 


Benzathine PCN G 2.4 x 106 units IM in a single dose is 
the drug of choice for primary, secondary or latent syphilis 
less than 1 year. Neurosyphilis should be treated with one 
dose each week for 3 weeks. Tetracycline 500 mg PO qid x 
15 days is an alternative for PCN-allergic patients. 


CHANCROID 


Chancroid or soft chancre is caused by Haemophilus 
ducreyi, a gram-negative rod which enters abraded skin 
or mucous membranes, usually during coitus. It has a 
short incubation period of 1-5 days and can spread by 
autoinoculation. Its clinical features are the soft, painful, 
dirty, malodorous, penile ulcers, often associated with 
tender, unilateral and matted inguinal adenopathy. 
Chancroid must be differentiated from syphilis, 
lymphogranuloma venereum and granuloma inguinale. 


Diagnosis 


The diagnosis is often made clinically; however, attempts 
to culture the organism should be made despite the 
difficulty of doing so. 


Treatment 


Trimethoprim-sulfamethoxazole DS (160/800) PO BID x 
10 days as well as tetracycline or erythromycin 500 mg PO 
qid x 2 weeks are effective therapies. Fluctuant inguinal 
abscesses should be drained by aspiration rather than 
incision so as to avoid a chronic discharging sinus. 


LYMPHOGRANULOMA VENEREUM 


Lymphogranuloma venereum is caused by the obligate 
intracellular organism, C. trachomatis, acquired primarily 
during coitus. It has an incubation period of 1-12 weeks 
resulting in a painless primary papule, erosion or vesicular 


lesion which heals quickly. Eventually, unilateral inguinal 
adenopathy appears with matted nodes fixed to the skin 
which will ultimately drain purulent exudate through 
multiple sinus tracts. Extension to deep perirectal pelvic 
nodes can result in proctitis and rectal strictures. Fistulae 
involving the rectum, bladder and vagina can arise. 


Diagnosis 


Diagnosis is usually made on clinical grounds by exclusion 
of syphilis, chancroid and granuloma inguinale because 
of the poor availability and lack of experience with the 
Frei test. 


Treatment 


Tetracycline or erythromycin 500 mg PO qid for 2-3 weeks 
is recommended. Fluctuant lymph nodes should be 
drained by aspiration and not incision to avoid chronic 
draining fistulae. 


GRANULOMA INGUINALE 


Granuloma inguinale is caused by the gram-negative 
rod, granulomatis, also referred to as the Donovan body. 
Its exact mode of transmission is not known; however it 
generally presents as a hypertrophic genital lesion with 
rolled, everted and raised edges, and has been associated 
with sexual contact. The pathologic lesion is the result of 
hypertrophic granulation tissue, which bleeds easily and 
often involves the inguinal nodes. An association with 
squamous cell carcinoma has been noted. 


Diagnosis 


Diagnosis requires demonstration of the Donovan body, 
usually within large mononuclear cells, by Wright’s or 
Giemsa stained smears of scrapings or biopsy specimens. 
A biopsy must be performed to rule out carcinoma. 


Treatment 


Tetracycline or erythromycin 500 mg PO qid for 2 weeks is 
the treatment of choice. 


CONDYLOMA ACUMINATA OR VENEREAL WARTS 


Condyloma acuminata is a wart-like papilloma or 
cauliflower-like lesion of the skin caused by a papovavirus 
and is transmitted most commonly by direct sexual 
contact. Mucocutaneous condylomata acuminata are 
most common and are best treated by direct application of 
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20% podophyllin in tincture of benzoin. The podophyllin 
must be washed off within 6 hours to prevent serious 
irritation. Less than 5% of patients will develop urethral 
disease, 90% of which will involve only the external meatus 
and distal penile urethra. The most frequent complication 
of all condylomata acuminata is recurrence or reinfection. 


Presentation of Urethral Warts 


Patients will often have visible meatal warts and a history 
of prior nonurethral involvement. Hematuria and irritative 
symptoms including frequency and dysuria are common. 


Diagnosis 


Careful clinical examination and biopsy are necessary to 
confirm one’s clinical suspicion. Cystourethroscopy should 
be performed to delineate the full extent of involvement. 


Treatment 


If only a few lesions are noted within the urethra and 
none is circumferential, then excision or fulguration 
with a resectoscope or Bugbee electrode is appropriate. 
When extensive or circumferential areas of the urethra 
are involved, daily instillation of 5-fluorouracil cream (5% 
Efudex’) with a cone-tip applicator for 7 days is currently 
recommended. Particularly severe or persistent cases may 
necessitate exteriorization of the urethra, for application 
of podophyllin, with a second stage urethroplasty 
(Podophyllin should not be used intraurethrally). 


GENITAL HERPES SIMPLEX 


Herpes simplex virus (HSV) infection occurs by direct 
inoculation of skin or mucosal surfaces. Two species of HSV 
exist: (1) HSV Type I (oral) and; (2) HSV Type II (genital). 
Both can infect genital or oral regions. Herpes simplex 
virus travels up sensory nerve roots and establishes a 
latent infection in the dorsal root ganglion. Viral shedding 
occurs primarily from ruptured vesicular skin lesions but 
also can occur during asymptomatic periods. 


Presentation 


Primary infections will often have systemic symptoms 
including fever, headaches, malaise, myalgias, or lympha- 
denopathy. Urinary retention secondary to local pain 
or sacral radiculopathy is not uncommon. Recurrent 


infections are generally less severe and are manifested 
primarily by the characteristic skin lesions—grouped 
vesicles, erosions and/or crusted lesions, lasting from 
4-15 days. 


Diagnosis 


The Tzanck cytologic smear of skin lesions is quick and 
effective when positive; however, a negative result should 
be followed up by viral culture. Serologic tests cannot prove 
active disease, only previous viral exposure. A negative 
serologic test does rule out infection. 


Treatment 


Oral acyclovir is not virucidal or curative but it does block 
viral replication and is clinically effective in treating 
primary and recurrent infections by decreasing their 
severity, frequency and duration. Acyclovir, 200 mg PO q 4 
h x 5-10 days (untoward effects are dose related including 
nausea, vomiting, headache and diarrhea). 


ACQUIRED IMMUNODEFICIENCY SYNDROME 


The urologist is unlikely to play a major role in managing 
AIDS; however, urologic consultations will occur. It 
would be wise for all physicians to keep abreast of the 
most up to date information about this rapidly evolving, 
dreadful disease. 

The etiological agent in AIDS is the HIV (formerly 
called HTLV-II). The HIV retrovirus affects primarily the 
thymic-derived T-helper lymphocytes causing impaired 
immunologic function. HIV infection can produce 
a spectrum of clinical manifestations ranging from 
asymptomatic infection to severe immunodeficiency and 
neurologic disease. The virus is spread by sexual contact 
with an infected individual, sharing a contaminated 
needle, by receipt of infected blood or blood products, and 
from mother to unborn child. The most widely accepted 
definition of clinical AIDS is the case surveillance definition 
prepared by the CDC which undergoes periodic updating.’ 


PREVENTION OF SEXUALLY 
TRANSMITTED DISEASES 


The best way to prevent STDs is to avoid sexual contact 
with others. If people decide to become sexually active, 
they can reduce the risk of developing an STD in 
these ways:° 
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Practice abstinence (refrain from sex entirely) or be in 
a monogamous relationship (both sexual partners are 
each other’s only sexual partner). 

Delay having sexual relations as long as possible. The 
younger people are when they become sexually active, 
the higher the lifetime risk for contracting an STD. The 
risk also increases with the number of sexual partners. 
Correctly and consistently use a male latex condom. 
The spermicide nonoxynol-9, once thought to protect 
against STDs as well as to prevent pregnancy, has been 
proven to be ineffective for disease prevention. Do not 
rely on it. In addition, condoms are only about 90% 
effective in preventing STDs. 

Have regular medical checkups even if you do not have 
symptoms of an STD. 

Learn the symptoms of STDs. 

Avoid douching because it removes some of the natural 
protection in the vagina. 

Vaccines against HPV and hepatitis B are available 
and effective. 
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Tuberculosis (TB) is one of the most common chronic 
infections in all developing countries. Currently TB has 
become a big risk factor in these countries due to the 
rapid spread of HIV infection, which depress the immune 
mechanism. Incidence of TB in developing countries is 
400/100,000 and in developed world, the incidence is 
only 13/100,000.! Tuberculosis remains a major public 
health hazard. This is attributable to the increasing pool of 
immunocompromised patients. The primary target of the 
Mycobacterium tuberculosis bacteria are the pulmonary 
system. Dissemination to the genitourinary system may occur 
in approximately 20% of the patients. Adrenal insufficiency, 
renal colic, hydronephrosis, chronic cystitis, scrotal masses 
and infertility can be manifestations of disseminated TB. 
Awareness and prompt recognition will enable the urologist 
to implement therapy and avoid disease progression with its 
significant morbidity and potential mortality. 


INCIDENCE 


The World Health Organization (WHO) estimates that 
one-third of the world’s population is infected with M. 
tuberculosis and there are 8-10 million new active cases of 
TBeach year (WHO), 1997. Globally, TBis the mostcommon 
opportunistic infection in AIDS patients. Genitourinary 
tuberculosis (GUTB) has been inconsistently reported 
to account for 20-70% of all cases of extrapulmonary 
tuberculosis (EPTB) in general population, but rare in 
children. It is the second most common form of EPTB after 
peripheral lymphadenopathy. It is estimated that GUTB 
comprises 30% of nonpulmonary TB. 


ETIOPATHOGENESIS 


Almost all M. tuberculosis infections are acquired by the 
inhalation of aerosolized droplet nuclei, which reach 
the pulmonary alveoli. Rarely, TB has been acquired 
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by aerosolization from a patient’s skin ulcer or during 
an autopsy (Frampton, 1992; Templeton et al. 1995). 
Genitourinary TB is caused by metastatic spread of the 
organism through the bloodstream during the initial 
infection of M. tuberculosis. The kidney is usually the 
primary organ infected in urinary tract and other parts 
of the urinary tract become involved by direct extension. 
The primary site of infection of the genital tract is often 
the epididymis in men and the fallopian tubes in women, 
being spread by hematogenous spread. Similar to urinary 
disease, the infection then spreads to the adjacent organs 
by direct extension. The transmission of genital TB from 
male to female is very rare despite the fact that men with 
genital TB can have M. tuberculosis in the semen. 


Kidney 


The organisms in the kidney settle in the blood vessels, 
usually close to the glomeruli. Caseating granulomas 
develop and consist of Langhans giant cells surrounded by 
lymphocytes and fibroblasts. 

The healing process results in fibrous tissue and 
calcium salts being deposited, producing the classic 
calcified lesion. One may also develop papillary necrosis 
and strictures in the calyceal system or at the pelviureteral 
junction. Patients with GUTB have essential hypertension, 
which is unrelated to TB. 


Ureter 


Tuberculous ureteritis is always an extension of the 
disease from the kidney and leads to fibrosis and stricture 
formation. The site most commonly affected is the 
ureterovesical junction (UVJ). The disease rarely involves 
the ureteropelvic junction (UPJ) and is even less common 
in the middle-third of the ureter. Very occasionally, the 
whole of the ureter is involved. Strictures are typically less 
than 5 cm in length. Stricture is confined to the intermural 
part of the ureter or an area just proximal to it. 
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Bladder 


Bladder lesions are without exception secondary to 
renal TB. The earliest forms of infection start around 
one or another ureteral orifice; tuberculous ulcers are 
rare. Occasionally, the whole of the bladder is covered 
by inflamed, velvety granulations with ulceration. If the 
disease continues to progress, ureteral orifice may assume 
the classic golf-hole appearance. 


PATHOGENESIS 


Genitourinary TB occur secondary to prior pulmonary 
infection. Patient’s first inhale infected droplet nuclei that 
produce the primary lung infection, which manifests as a 
nonspecific bronchopneumonia and is often asymptomatic. 
Purified protein derivative (PPD) skin test will convert at 
this time and the tubercle bacilli can become blood borne, 
showering the kidney and occasionally the prostate.’ 


Renal/Kidney Pathology 


The renal infection progresses slowly, taking 15-20 years 
to destroy the kidney and producing little or no clinical 
disturbance until end stage. Macrophages invades and 
eventually a granuloma is formed which lead to formation 
of an abscess. When the abscess invades a calyx, white 
blood cells and acid-fast bacteria (AFB) are released into 
the urine (Tubercular bacilluria). The healing produces 
fibrosis and eventually become calcified. Itspreads through 
the collecting system causing stenosis of infundibulum 
leading to hydrocalyx which does not return to normal.” 


Ureter Pathology 


This is always an extension of renal TB commonly seen in 
UV], resulting in a stricture of ureter. 


Bladder Pathology 


Tuberculosis cystitis is always secondary to renal disease. 
It is commonly seen around the ureteric orifices as 
inflammation, which gradually forms bullous granulation 
leading to the formation of ulcer. The lesion then 
progressed to the muscle. These lesions heal by fibrosis, 
leading to a small capacity bladder (Thimble bladder). 


Epididymis and Vas Deferens Pathology 


Blood-borne transmission usually occurs toward globus 
minor initially, then it spread to other parts. It can also 
occur after trauma because of reactivation. 


Testis Pathology 


Usually spread is secondary to epididymis. 


PRESENTATION 


Presentation is primarily that of irritative voiding 
symptoms with hematuria and sterile pyuria or 
tuberculous epididymitis unresponsive to antibiotics. 
Renal involvement is generally silent. 


Clinical Presentation of Genitourinary Tuberculosis 


e Vague presentation 

e Past medical history 

e Superimposed infection 

e Lower urinary tract symptoms 

e Hematuria, hematospermia and pyuria. 

The vas deferens may be thickened or beaded along 
with induration of the prostate or seminal vesicles. Vague 
generalized malaise, fatigue and persistent low-grade 
fever or night sweats are characteristic. Patients will often 
give a prior history of pulmonary TB. 


DIAGNOSIS 


The diagnosis is made by finding AFB in the urine or by 
urine cultures positive for M. tuberculosis. Routine urine 
cultures are generally negative despite persistent pyuria 
(abacterial pyuria). Workup should include complete 
blood count (CBC), urinalysis, and urine for AFB, urine 
for routine and TB culture, PPD skin test, chest X-ray, 
intravenous urogram (IVU) and cystoscopy. A negative 
tuberculin skin test makes the diagnosis unlikely. An 
intravenous pyelogram may demonstrate the characteristic 
“moth eaten” appearance of minor calyces.** 


Investigations for Genitourinary Tuberculosis 


e Tuberculin test (PPD skin test) 

e Urine for AFB (three specimen of early morning urine 
(EMU) samples) 

e Erythrocyte sedimentation rate, CBC 

e X-ray of kidney, ureter and bladder, X-ray of chest, IVU 

e Cystoscopy. 


TREATMENT 


Use of a four-drug regimen is recommended for initial 
therapy: isoniazid (INH) 200-300 mg daily and rifampin 
450-600 mg daily, ethambutol 800 mg per day and 
pyrazinamide (PZA) 15 gm daily for 4 months. After 4 
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months, the regimen with INH and rifampin may be 
continued up to 9 months. Some authorities recommend 
four-drug regimen daily for 6 months. Pyridoxine (vitamin 
B,) 25 mg/day should also be added to prevent the 
peripheral neuropathy occasionally seen with INH. Liver 
function tests should be monitored once a month when 
administering INH and rifampin. For patients, recently 
emigrated from drug resistant areas, such as Southeast 
Asia, a third drug should be added (i.e. ethambutol 15 mg/ 
kg PO qid). Obstructive lesions in the kidney or ureters 
will require appropriate surgical therapy. Asymptomatic 
strictures in the lower-third of the ureters may occur and 
should be treated to preserve the renal function.” 


Role of Surgery 


It has become an adjuvant to medical therapy in the 
treatment of GUTB. The current focus is on organ 
preservation and reconstruction as opposed to excision. 
Furthermore, when surgical intervention is mandated 
it should be delayed until medical therapy has been 
administered for at least 4-6 weeks. 


Nephrectomy 


e Nephrectomy involves a nonfunctioning kidney with 
or without calcification, extensive disease involving 
the whole kidney together with hypertension and 
UPJ obstruction. 

e Coexisting renal carcinoma. 

e Nephrectomy is commonly performed through an 
open approach given the difficult dissection due to 
inflammation and scarring. 


Partial Nephrectomy 


e ‘This nephrectomy is rarely performed. 

e It represents the localized polar lesion containing 
calcification that has failed to respond after 6 weeks of 
intensive chemotherapy. 

e An area of calcification that is slowly increasing 
in size and is threatening to gradually destroy the 
whole kidney. 


Abscess Drainage 


Open surgical drainage ofan unnecessary abscess, because 
contents of an abscess can be aspirated in a minimally 
invasive manner. 


Augmentation Cystoplasty 


When there is intolerable frequency of micturition, day and 
night, together with pain, urgency and hematuria because 
of thimble bladder. Renal failure is not a contraindication 
to surgery. Creatinine clearance of more than 15 mL/min 
should be accepted for augmentation cystoplasty. 


Epididymectomy 


The main indication is a caseating abscess that does not 
respond to chemotherapy. It should be done through a 
scrotal incision. 


Ureteric Stenting 


It is performed by DJ stent for passable strictures or in 
acute phase of illness. 


Urinary Diversion 


Itis performed by PCN in obstructed system in acute phase 
of illness where stenting has become failed. 


Ureteric Reimplantation 


Is has been done for UVJ structure after initial failed 
antituberculous therapy (ATT). 


FOLLOW-UP OF GENITOURINARY TUBERCULOSIS 


e X-ray of chest 
e EMUat3, 6 and 12 months. 


MANAGEMENT OF DRUG RESISTANT 
TUBERCULOSIS 


Management varies with the pattern of drug resistance. 
Generally, multidrug resistant tuberculosis (MDR- 
TB) requires prolonged (e.g. 18-24 months) treatment 
with the remaining active first-line drugs (including 
PZA, if susceptible) with addition of an injectable, a 
fluoroquinolone and other second-line drugs as needed 
to build a 4 or 5 drug regimen that the infecting strain is 
known or likely to be susceptible to (i.e. based on testing, a 
known source-case, prior treatment, or drug susceptibility 
patterns in the community). Managing the adverse effects 
of these long, complex regimens is challenging. Multidrug 
resistant tuberculosis should always be treated by a TB 
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specialist experienced with these cases. Fully supervised 
treatment is essential to avoid additional drug resistance 
through nonadherence. 


CONCLUSION 


Tuberculosis must be treated as a generalized disease. 
Even when it can be demonstrated only in the urogenital 
tract, one must assume activity elsewhere. This means 
that the basic treatment is medical. Surgical excision of 
an infected organ, when indicated, is merely an adjunct to 
overall therapy. 

The cornerstone of ATT is multidrug treatment to 
decrease the duration of therapy and diminish the 
likelihood that drug resistant organisms will develop. 
According to WHO guidelines, E is kept under category 
I and Il. Recommended drug treatment regimens 
for drug sensitive GUTB for 6-9 months; however, 6 
months regimes are effective for most forms of TB. All 
the drugs should be administered in one dose and they 
may be taken together at night just before bedtime, 
with or without milk. This has been found to be the best 
way of achieving maximal patient tolerance. Sputum 
smear should be checked at the end of 2nd month and 
5th month, and at the therapy. Response to treatment 
can be monitored only through clinical observation. 
Weight of the patient is a useful indicator. Patients 
should be seen at 3, 6 and 12 months after the course 
of chemotherapy has finished. At each visit, three 
consecutive early morning samples of urine should 
be cultured. Treatment regimens for MDR-TB patients 


must be designed according to the organism’s sensitivity 
and continued for 18-24 months or 12-18 months after 
cultures have become negative.’ 


REFERENCES 


1. Cek M, Lenk S, Naber KG, et al. EAU guidelines for the 
management of genitourinary tuberculosis. Eur Urol. 
2005;48(3):353-62. 

2. Carl P, Stark L. Indications for surgical management of 
genitourinary tuberculosis. World J Surg. 1997;21:505-10. 

3. Chuang FR, Lee CH, Wang IK, et al. Extrapulmonary 
tuberculosis in chronic hemodialysis patients. Ren Fail. 
2003;25:739-46. 

4. Gokalp A, Gultekin EY, Ozdamar S. Genito-urinary 
tuberculosis: A review of 83 cases. Br J Clin Pract. 
1990;44:599-600. 

5. Hamrick-Turner J, Abbitt PL, Ros PR. Tuberculosis of the 
lower genitourinary tract: Findings on sonography and MR. 
(Letter.) AJR Am J Roentgenol. 1992;158:919. 

6. Hemal AK, Gupta NP, Rajeev TP, et al. Polymerase chain 
reaction in clinically suspected genitourinary tuberculosis: 
Comparison with intravenous urography, bladder biopsy, 
and urine acid fast bacilli culture. Urology. 2000;56:570-4. 

7. Jung YY, Kim JK, Cho KS. Genitourinary tuberculosis: 
Comprehensive cross-sectional imaging. Am J Roentgenol. 
2005;184(1):143-50. 

8. Lenk S, Schroeder J. Genitourinary tuberculosis. Curr Opin 
Urol. 2001;11:93-8. 

9. Matos MJ, Bacelar MT, Pinto P, et al. Genitourinary 
tuberculosis. Eur J Radiol. 2005;55(2):181-7. 


Chapter 


29 


PRELUDE 


Shahidul Islam Sugom 


Interstitial cystitis is probably the most controversial 
of all urologic diseases. Interstitial cystitis, also called 
painful bladder syndrome (PBS),' is a chronic condition 
characterized by a combination of uncomfortable bladder 
pressure, bladder pain and sometimes pain in pelvis, 
which can range from mild burning or discomfort to 
severe pain. A definition of the syndrome is not universally 
accepted. This is primarily a disease of the middle-aged 
women characterized by fibrosis of the bladder wall with 
consequent loss of bladder capacity.” 

Numerous theories on its etiology have been suggested; 
however, there is little evidence of support for most of 
them. Currently the two most popular theories are: (1) 
an autoimmune mechanism and; (2) defective bladder 
surface lining of glycosaminoglycans. 


NEW CONCEPTS 


High level of urinary potassium may induce the sensory 
nerve to depolarize. This sensory nerve depolarizing may 
cause pain urgency and may results tissue destruction. 

The primary changes include fibrosis of the deeper 
layer of bladder wall leading to decreased capacity of the 
organ. Microscopically the mucosa is thin or denuded. 
The lamina propria is congested and engorged with 
signs of inflammation. The muscles are replaced by 
varying amount of fibrous tissue. The lymphatics may 
be engorged, and increased mast cells and lymphocytic 
infiltration were seen. 


INTERSTITIAL CYSTITIS SYMPTOMS 


Interstitial symptoms include: 

e A persistent and urgent need to urinate. 

e Frequenturination, often of small amounts, throughout 
the day and night. People with severe interstitial cystitis 
may urinate as often as 60 times a day. 


Interstitial Cystitis 


e Pain in your pelvis (suprapubic) or between the vagina 
and anus in women, or the scrotum and anus in men 
(perineal). 

e Pelvic pain during sexual intercourse. Men may also 
experience painful ejaculation. 

e Chronic pelvic pain. 

Some people affected by interstitial cystitis experience 
only pain and some experience only frequent and urgent 
urination. Most affected people, however, experience both 
pain and frequent, urgent urinate on. Although signs and 
symptoms of interstitial cystitis may resemble those of a 
chronic urinary tract infection, urine cultures are usually 
free of bacteria. However, a worsening of symptoms may 
occur if a person with interstitial cystitis gets a urinary 
tract infection. 


DIAGNOSIS 


The diagnosis of interstitial cystitis is one of exclusion 

based entirely on clinical and cystoscopic criteria* which 

is described as follows: 

e A chronic history of unexplained bladder irritability 
and suprapubic pain 

e Frequency and nocturia without incontinence 

e Negative physical examination 

e Negative urinalysis and culture. 


Cystoscopic Findings 


e Characteristic submucosal pinpoint _ petechial 
hemorrhages (glomerulations) shown in Figure 29.1 
can be seen on cystoscopy following repeated bladder 
distention, under 70 cm of water pressure (anesthesia 
required). Ulcerations, once thought to be common, 
are actually rarely found (“Hunner’s ulcer” is therefore 
a misleading eponym). 

e No evidence of carcinoma in situ is seen on bladder 
biopsy and urine cytology (interstitial mast cell 
infiltration, however, is frequently noted on histology). 
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Fig. 29.1: Glomerulation of bladder consistent with 
interstitial cystitis 


e Cystometric studies are essentially normal with the 
exception of a small bladder capacity. 


POTASSIUM TEST (PERSONS TEST) 


No symptoms observed after instillation of potassium 
solution in the bladder. In interstitial cystitis, the 
potassium will leak through the denuded transitional 
epithelium and will depolarize the sensory nerve ending 
causing urgency and pain. 


MANAGEMENT 


This is a disease, which rarely progresses and presents 
little threat to the patient’s health. However, it can cause 
intolerable morbidity, at times making the patient’s life 
unbearable. The uncertain etiology and diagnosis only 
worsen matters for these unfortunate patients when they 
are dealing with physicians. The goal of management 
is symptomatic relief.” Some of the successful forms of 
therapy are listed below: 


Bladder Training Program 


People who have found adequate relief from pain may 
be able to reduce frequency by using bladder training 
techniques. Methods vary, but basically patients decide 
to void, empty their bladder at designated times, and 
use relaxation techniques and distractions to keep to the 
schedule. Gradually, they try to lengthen the time between 
scheduled voids. A diary, in which voiding times can be 
recorded, is helpful in keeping track of progress. 


Intravesical Installation of Dimethyl Sulfoxide 


Intravesical installation of dimethyl sulfoxide (DMSO) is 
the most commonly used treatment for interstitial cystitis 
and can be expected to give at least temporary relief to 
50-70% of the patients.” Fifty milliliters of a 50% solution 
of DMSO is instilled into the bladder by a urethral catheter 
and allowed to remain for 15 minutes before asking the 
patient to void. Instillations are repeated every 2 weeks 
until relief is obtained. 


Anti-inflammatory Medications 


Anti-inflammatory medications, such as corticosteroids 
and azathioprine, produce unpredictable results and the 
risk of immunosuppressive complications are considered 
too high for routine use. 


Sodium Pentosan Polysulfate (Elmiron) 


Sodium pentosan polysulfate (Elmiron) is a synthetic 
analog of heparin with anti-inflammatory and anti- 
angiogenesis effects. Earlier success with oral Elmiron 
could not be repeated in a double-blind trial. 


Bladder Distention 


Some people notice a temporary improvement in 
symptoms after undergoing cystoscopy with bladder 
distention. Bladder distention is the stretching of the 
bladder with water or gas. The procedure may be repeated 
as a treatment if the response is long lasting. Hydrostatic 
distention of the bladder under anesthesia has therapeutic 
value in approximately 30% of patients in addition to its 
diagnostic value. 


Other Forms 


Other forms of therapy include transcutaneous electrical 
nerve stimulation and intravesical heparin installation. 
Antihistamine may offer some relief. 


Potassium Protocol 


e In potassium positive patients best results are 
obtained with pentosan  polysulfate sodium 
(Elmiron). In potassium negative cases oxybutynin, 
DMSO, heparin with or without antidepressant drug 
may be useful. 

e Transurethral fulguration and resection of the ulcer 
may provide healing with a healthy tissue. 
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e Bladder denervation (cystolysis) has variable success 
in relieving the patient’s symptoms and increasing 
bladder capacity. 


Placement of Permanent Pacemaker 


Electrical nerve stimulation involves a placement of 
permanent pacemaker to control bladder activity. This is a 
new concept and only short-term variable results available. 


Augmentation Cystoplasty 


Augmentation cystoplasty with supratrigonal cystectomy 
is sometimes necessary for patients with intolerable pain 
or small contracted bladders.° 


Home Management 


The emotional support of family, friends and other people 
with interstitial cystitis/PBS is very important in helping 
patients cope. Studies have found that people who learn 
about the disorder and become involved in their own care 
do better than people who do not. 
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PRELUDE 


Urological malignancies are interesting tumors with varied 
presentation, management principle and prognosis.’ 
Common kidney tumors are renal cell carcinoma (RCC), 
Wilms’ tumor, nephroblastoma and sarcomas. Renal cell 
carcinoma is the most common kidney tumor in adult. 
Prostate and kidney tumors are slow growing; hence 
hypofractionated radiotherapy (RT) has it’s advantages. 
Whereas, invasive bladder cancers are rapidly proliferative 
tumor and hyperfractionated RT had shown to have 
survival advantage. 

Modern CT scan based conformal planning and 
delivery technologies, such as _ intensity-modulated 
radiation therapy (IMRT), image-guided radiation therapy 
(IGRT), brachytherapy and hypofractionated radiation 
therapy (e.g. CyberKnife), are studied extensively in these 
tumors.”® 


KIDNEY TUMORS 


Renal cell carcinomas are relatively uncommon tumor 
(incidence ~ 2% ofall newly diagnosed cancers). They occur 
usually in elderly population (median age of presentation 
55-60 years) and more common in males (M:F = 1.5:1). 
They may spread by local infiltration through the renal 
capsule to involve the perinephric fat and Gerota’s fascia. 
The tumor may grow directly along the venous channels 
to renal vein or vena cava. Lymph node metastases are 
seen in 9-27% patients and mostly involve renal hilar, 
para-aortic and paracaval lymph nodes (LN). Renal vein 
(21%) and inferior vena cava (IVC) (4%) involvement is 
also seen.* Spontaneous regression of metastatic RCC after 
nephrectomy occurs in 0.8% cases. Cytoreductive surgery 
of primary tumor prolongs or increases the response of 
extrarenal disease to systemic therapy. Involvement of IVC 
and para-aortic LN, size of primary disease and metastatic 
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disease parameters (solitary metastasis has better 
prognosis) and histopathology characteristics (spindle 
cell or sarcomatoid variants have poorer prognosis) have 
prognostic implications and may be used as important 
guidance for adjuvant therapy.’ 


Treatment Options 


Standard therapy for localized RCCs is radical 
nephrectomy. Regional lymph node dissection is routinely 
performed, although its benefit has not clearly been 
established.‘ Preliminary results of European Organization 
for Research and Treatment of Cancer randomized trial of 
radical nephrectomy with or without elective lymph node 
dissection did not demonstrate significant advantage of 
LN dissection with nephrectomy over only nephrectomy.’ 


ROLE OF RADIOTHERAPY IN 
RENAL CELL CARCINOMA 


Role of adjuvant therapy in completely resected localized 
RCCsis controversial. Renal cell carcinomas mainly (90% of 
cases) are adenocarcinoma and are variably radiosensitive 
neoplasm.’ In advanced RCCs, RT has favorable response. 
However, in early localized RCCs, available clinical studies 
did not convincingly improve survival in adjuvant setting. 
In recent years, with advent of high precision RT delivery 
technology, higher radiation dose can be delivered more 
precisely in both adjuvant setting and as organ preserving 
approach, now seems to be more promising.° 


Preoperative Radiotherapy 


Preoperative RT is promising, its theoretical advantages 
are: tumor shrinkage, increased resectability, lesser 
bleeding during surgery and decreased tumor viability 
with fewer distant metastases (lessened intraoperative 
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seeding).° A prospective randomized study at Rotterdam 
of preoperative RT and nephrectomy versus nephrectomy 
alone did not show any significant overall survival (OS) 
or disease-free survival (DFS). In this trial, patients 
received RT for involved kidney and regional LN (30Gy/15 
fractions per 3 weeks; 5 days/week treatment) followed 
by nephrectomy.’ Preoperative RT did not increase 
complete resectability rate in locally advanced (T2, T3) 
tumors. Preoperative RT did not show benefit even with 
dose escalation (40 Gy/20 fractions per 4 weeks). Swedish 
prospective randomized clinical trial was also unable 
to demonstrate survival function advantages in patients 
receiving preoperative RT.’ Patients receiving preoperative 
RT had five year OS of 47%, compared with 63% for 
patients undergoing surgery alone (p = NS). Preoperative 
RT is not routinely recommended in localized resectable 
RCCs in routine clinical practice. However, preoperative 
RT has increased the resectability of locally advanced 
unresectable tumors in both prospective and retrospective 
series.” Preoperative irradiation may be considered in 
patients with technically unresectable nonmetastatic 
tumors to improve resectability rate. 


Adjuvant Radiotherapy 


Few retrospective and nonrandomized studies have 
shown survival benefit of adjuvant RT in RCC.* However, 
there was no detailed information about the disease stage, 
dosage schedule used and RT delivery techniques. Other 
retrospective studies did not show any survival benefit 
with adjuvant RT. Two appropriately designed prospective 
randomized studies evaluating the role of adjuvant RT 
did not demonstrate any significant survival advantage 
with postoperative RT.” In New Castle study, adjuvant 
RT dosage schedule was 55 Gy in 2.04 Gy daily fractions. 
However, local recurrence rates were not reduced by 
adjuvant RT. Copenhagen Renal Cancer Study Group 
study compared patients with stage II or III RCC treated 
with nephrectomy alone with the patients who received 
nephrectomy and adjuvant RT (50 Gy/20 fractions/4 
weeks to the kidney bed and regional LN).'° There was no 
difference in locoregional failure or overall OS. However, 
complications rates were higher in RT arm (19% of deaths in 
RT arm due to RT-induced complications). Lack of benefit 
from adjuvant RT in prospective trials may be explained 
by poor patient selection and RT technique. According 
to retrospective review in Memorial Sloan-Kettering 
Cancer Center, local failure rates in early RCC patients 
(T1, T2 disease) treated with nephrectomy alone (n = 
172) was only 5%;™ whereas, patients with LN metastases 
or positive margins had significantly higher local failure 


rate (21%; p = 0.002). These findings suggest adjuvant RT 
may be beneficial in selective high-risk subset of patients 
with adverse histological features or incomplete resection. 
In a retrospective series by Kao et al. (n = 12) high-risk, 
locally advanced tumors with perinephric fat invasion or 
positive surgical margin had high local control (100%) with 
adjuvant RT (41.4-63 Gy in 1.8-2 Gy fractions).° Another 
retrospective series (n = 37; T3 tumors) demonstrated 
statistically significant lower local failure rate (10%) with 
adjuvant RT, compared with higher (37%) recurrence 
rate in patients treated with nephrectomy (n = 30) alone. 
CT-based high precision RT treatment planning resulted 
in no additional serious late sequelae.” In retrospective 
series (n = 114), locoregional control in patients with T3/ 
NO disease treated with or without adjuvant RT (50 Gy/20 
fractions), local recurrence rates were 8.8% and 15.8% 
respectively.’ Patients with RCC most likely to benefit 
from adjuvant RT are those with significantly high risk 
of local failure. Patients with positive margins, regional 
lymph node metastases or locally advanced tumors (T3 
or T4) have a significantly higher risk of local failure. 
Renal cell carcinoma confined to the kidney and/or renal 
vein have low recurrence rate and high survival rate after 
radical nephrectomy alone and should not be considered 
for adjuvant RT. Adjuvant RT will decrease locoregional 
recurrence rate in these high-risk subset of RCC patients, 
but there is OS benefit. 


Role of High Precision Radiotherapy in 
Renal Cell Carcinoma 


The target in RCC is kidney (nephrectomy) bed and 
locoregional (para-aortic, hilar) lymph node region. 
Majority of the adjacent normal structures, such as 
liver, small intestine and contralateral kidney has low 
radiation tolerance. On the other hand, RCCs are relative 
radioresistant, which requires higher radiation dose to 
have desired locoregional control. Hence, modern CT scan 
based high precision RT is critical to have desired local 
control with acceptable toxicity. Careful definition of the 
target volume to encompass the nephrectomy bed, lymph 
node drainage sites and surgical clips on the planning 
CT scan is essential. Conventional anteroposterior or 
posteroanterior field arrangement (particularly in right 
sided disease) is likely to radiate large volumes of bowel 
and liver with high dose and may result in unacceptable 
toxicity. Computer based planning with multiple beam 
arrangements, multileaf collimators based shaping of 
beams and differential beam weight optimizes radiation 
dose distribution to maximize target volume coverage, 
while minimizing dose to small bowel or liver. Standard 
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dose of adjuvant RT is 45-50 Gy in 1.8-2 Gy daily fractions; 
10-15 Gy boost is advised to small volumes of microscopic 
or gross residual disease. In IMRT, appropriate constraints 
for liver (< 30% volume of liver should not receive more 
than 36 Gy), contralateral kidney (mean dose < 20 Gy), 
small intestine (mean dose < 35 Gy) and spinal cord 
(maximum dose < 45 Gy) are prescribed.®?! Appropriate 
consideration is needed regarding respiratory motion 
during treatment. Common side effects of RT include 
nausea, vomiting, diarrhea and abdominal cramping. 
Modern CT-based simulation and conformal planning 
decrease both acute and late complication rates. 
Inrecentyears, with advent ofmodern highly conformal 
RT, organ conservation is also considered in early, small 
volume RCCs in elderly or in medically inoperable 
patients. Radiotherapy is also considered in patients with 
bilateral RCCs or in patients with RCC in single kidney. 


Role of Radiosurgery in Renal Cell Carcinoma 


Renal cell carcinoma is slowly growing tumor with low a/B 
value and thus an ideal candidate for hypofractionated 
RT. In nude mice model of inoculated human RCC 
cell, hypofractionated RT (48 Gy in three fractions) 
demonstrated sustained decrease in tumor volume, hence 
supporting the hypothesis." In clinical practice, Beitler et 
al. reported hypofractionated stereotactic body radiation 
therapy (SBRT) treatment (40 Gy in five fractions/week), 
in medically inoperable or in patients not willing for 
surgery. At median follow-up of 26.7 months, 46% (4/9) 
patients were surviving, only 11% (1/9) had locoregional 
failure in the low dose region.” Wersall et al. reported high 
locoregional control (7/8 patients; 87%; median survival 
58 months) with SBRT (40 Gy in five fractions) in medically 
inoperable RCCs.'° 

Stereotactic body radiation therapy also emerges as 
a potential therapeutic option for metastatic RCC for 
inoperable primary or recurrent disease within the renal 
fossa. Majority (40%) of metastatic RCCs had metastasis 
in lung. At median follow-up of 37 months, 162 metastatic 
lesions from RCC treated with SBRT (30-40 Gy in 2-3 
fractions), progression free survival was seen in 90% of 
patients; 30% had complete and 22% showed partial 
response. Grade 1/2 lung toxicities were observed in 40% 
of patients. 


CARCINOMA OF BLADDER 


Carcinoma of bladder is a heterogeneous disease, which 
presents as superficial, muscle invasive or metastatic 
disease. These different presentations of bladder cancer 
have different clinical behavior, management protocols 
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and outcome. Bladder cancer is a disease of elderly people 
(median age 60-70 years) and more common in males (M:F 
= 2.4:1; white > black).!” At presentation, majority (75%) 
are superficial tumors, 20% are invasive and about 5% are 
metastatic. Patients usually present with painless hematuria 
(80-90%), unexplained urinary frequency or irritative 
voiding symptoms. Tumor grade, size, multicentricity, 
depth of invasion, tumor configuration, DNA ploidy status, 
vascular or lymphatic emboli and genetic mutations 
influence the natural history of the disease.’* Low-grade 
tumors (G1) have high local recurrence rate but usually do 
not invade muscularis. High-grade superficial tumors have 
high propensity to transform to invasive tumor. All invasive 
tumors are high grade. 


Management Principles 


Superficial Bladder Cancer 


Standard initial treatment for superficial bladder tumor is 
cystoscopic resection by transurethral resection of bladder 
tumor (TURBT) +/- intravesical therapy. Aims of treatment 
of superficial bladder cancers are reduction of recurrence 
and invasion. Management of superficial bladder is 
described in Table 30.1. 

Superficial tumor consists of: 


Noninvasive papillary tumor (Ta) 
Tumor invading the lamina propria (T1) 
High-grade (G3) carcinoma in situ (Tcis). 


Superficial bladder tumors are grouped into: 


Stage 


mi 


Low risk: single; Ta, G1; < 3 cm in diameter 

High risk: T1, G3; multifocal, highly recurrent, Tcis 
Intermediate risk: all other tumors, Ta-T1, G1-2, > 3 cm 
in diameter. 


Table 30.1: Management of superficial bladder cancer 


Grade Treatment Treatment of 
recurrence/residual 


disease 


TURBT + immediate Repeat TURBT 
single chemotherapy 
instillation within 24 


hours of TURBT 


If sign of muscle 
invasion consider 
cystectomy 


G1-3 TURBT + Intravesical 


therapy 
Giles 


Abbreviation: TURBT, transurethral resection of bladder tumor. 
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High-risk patients have higher risk of progression/ 
invasion and recurrence. Superficial bladder tumors are 
usually treated by TURBT with/without intravesical therapy 
(chemotherapy/immunotherapy). If muscle invasion is 
present surgical removal of bladder is recommended. Role 
of RT in superficial bladder cancer is limited.’ 


Muscle Invasive Tumor 


Approximately 40% of newly diagnosed bladder cancers 
have muscle invasion. Besides, 20-25% of superficial 
bladder cancers will progress to muscle invasion some 
time during their natural history. Management option in 
muscle invasive bladder tumors are: 

e Radical cystectomy alone 

e Radical RT alone 

e Chemotherapy (CT) alone 

e Combined chemoradiation (CT-RT) 

e Preoperative RT + surgery 

e Neoadjuvant CT + surgery/RT. 

Standard of care for muscle invasive disease includes 
radical cystectomy with pelvic lymphadenectomy. Low 
volume nodal disease with organ-confined primary tumor 
may have survival benefit from radical cystectomy with 
regional lymphadenectomy. Additionally, in male patients, 
en bloc removal of bladder, prostate, seminal vesicle, pelvic 
adipose tissue and peritoneum is done, and in females 
anterior exenteration to remove bladder, urethra, uterus, 
ovaries and anterior vaginal wall is done. Recently, there is 
a trend towards preservation of urethra to make “orthotopic 
neobladder” and preservation of intrapelvic autonomic 
nerves to maintain potency and continence.” 

Bladder preservation treatment modalities, like RT 
and/or CT is being addressed with quality of life (QOL) 
issues. Performance status and age influence the choice 
of primary therapy for the tumor as well as the type of 
subsequent urinary diversion. Five years survival rates after 
radical cystectomy alone in T2, T3a, T3b and T4 disease is 
63%, 57%, 31% and 18% respectively.”’” Partial cystectomy 
may be indicated in only selected patients with: 

e Transitional cell tumor 

e Solitary muscle invasive tumor located at dome 

e Tumor with no extravesical spread 

e Random mucosal biopsies and 

e Intraoperative frozen section surgical margins are 
negative. 


Bladder preserving approach: Transurethral resection of 
bladder tumor, RT or CT alone is usually not recommended 
as a Curative primary treatment option for muscle invasive 
localized bladder cancer. Standard organ preserving 


approach is TURBT followed by CT-RT. Long-term survival 
rates with multimodality treatment combining TURBT, RT 
and CT have been observed in few small nonrandomized 
trials. However, even in patients with complete response (CR) 
after multimodality bladder-preserving protocol, bladder 
remains potential source of recurrence. Approximately 
50% of patients with bladder preservation treatment are 
expected to survive with their intact bladder and rest need 
salvage cystectomy due to locoregional recurrence.” Post 
CT-RT, CR patients have shown to be predictor of better DFS. 
At present, multimodality bladder preservation approach 
in localized disease an alternative treatment modality in 
selected, well-informed and compliant patients. Although 
radical cystectomy is generally accepted as the gold 
standard treatment for muscle invasive bladder cancer, a 
renewed interest in QOL issues has increased the interest 
in bladder preservation protocols. With incorporation of 
effective CT in the treatment paradigms of bladder cancer, 
there is a subset of patients who is likely to respond well to 
CT and who may have a potential for bladder preservation. 
Bladder sparing surgery together with neoadjuvant or 
adjuvant CT and/or RT may be a reasonable alternative to 
radical cystectomy in well selected patients. CT-RT therapy 
in carefully selected patients produces 5 year survival rate of 
42-63% with 40% bladder preservation rate. However, there 
are no randomized trials comparing radical cystectomy 
with bladder preservation protocols. Selected subset of 
patients with good prognosis (low-stage and low-grade 
disease), are likely to have equivalent survival along with 
bladder preservation. Cisplatin has shown to be superior 
to carboplatin in concurrent CT-RT setting. Bladder 
preservation approach is suitable in properly selected 
patients (low grade, low stage) and patients willing for 
regular follow-up (need salvage cystectomy on locoregional 
recurrence). Patients with, low-volume (T2) disease, no 
hydronephrosis, no coexisting CIS, complete resection on 
TURBT and/or CR to induction chemotherapy, and patients 
willing for routine follow-up, are ideal candidate of bladder 
preservation protocol. Result of ongoing large multicenter 
trials will able to answer few of these issues. 


Radiotherapy: Radiotherapy may be used with a 
curative intent in patients with T2-T3 NO MO tumors 
with a potential for bladder preservation. It has not been 
compared with radical surgery in controlled randomized 
trials. From historical series, 5 years control rate of 24-45% 
with a 5 years OS of 26-40% is achieved with RT for muscle 
invasive bladder cancer. RT dose is 60-70 Gy in 2 Gy per 
fractions.” Altered fractionation schedules had induced 
higher local-regional control, but not used in routine 
clinical practice. CT scan based high precision RT has 
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improved the dose delivery in bladder cancer. During RT 
bladder filling is different in different fraction of treatment 
and hence modern IGRT has potential to deliver higher 
dose to the target (high conformity), while sparing normal 
tissue. Preoperative RT before cystectomy is not usually 
recommended. 


Adjuvant therapy: A proportion of muscle invasive 
bladder cancer patients develop locoregional recurrence 
and thus there is a need to explore the role of adjuvant 
therapy after radical surgery. Till date, there have been only 
five published randomized trials on adjuvant CT and one 
meta-analysis, with updated individual patient data from 
six trials and total of 491 patients for survival analysis.” 
These randomized trials had small patient numbers and 
the data is insufficient for survival function analysis. Few of 
these trials had shown marginal survival benefit in a subset 
(more than three metastatic nodes) of these patients, 
but there is no strong evidence to support its routine use 
in clinical practice. Results of large multicenter trials are 
required to prove the utility of adjuvant RT. Retrospective 
series had shown better locoregional control with adjuvant 
RT, but had no survival benefit. Adjuvant RT may be useful 
in subgroup of patients with LN +ve and close/positive 
margin of resection. Adjuvant CT may be useful to patients 
with high risk of systemic relapse (T3b, T4 and N+). There 
are initial results showing improved survival in high- 
risk patients with adjuvant CT. Common CT regimens 
are M-VAC (methotrexate, vinblastine, doxorubicin and 
cisplatin), CMV (cisplatin, methotrexate, vinblastine) or 
gemcitabine-cisplatin.'*”° There is no difference in survival 
function between these regimens. However, gemcitabine- 
cisplatin regimen has favorable toxicity profile. 


CARCINOMA PROSTATE 


Prostate cancers are the most common male cancers in 
the western world. The disease is unique in its natural 
history among all urologic malignancies, chiefly because 
of hormone dependence and subsequent resistance, 
slow growth rate (low a/f value), propensity for bone 
metastasis and being a site for research in high-precision 
RT, medical and surgical management. Prostate cancer 
patients usually presents with either symptomatic 
metastatic disease (mainly bone metastasis), localized 
prostate cancer presenting with signs of “prostatism” or 
incidental diagnosis. Others are diagnosed with locally 
advanced prostate cancer with breach in prostatic capsule 
or with pelvic lymph node. Aim of treatment in metastatic 
disease is to have symptom-free survival and in localized 
disease to overall improvement and progression-free 
survival. Treatment options in prostate cancer are mostly 


based on stage of disease, initial prostate-specific antigen 
(PSA) level and Gleason score. Other factors that influence 
treatment options are general conditions, comorbidities 
and age of the patient. Risk group stratification is an 
important step in deciding treatment modality in localized 
prostate cancer. Group stratification by D’Amico and 
National Comprehensive Cancer Network (NCCN) have 
widest acceptance (Table 30.2).”! 


Treatment Options in Localized Prostate Cancer 


Local treatment with or without HT is the treatment of 
choice in localized prostate cancer. Therapeutic modalities 
commonly used for localized prostate cancer include 
radical prostatectomy (RP) and RT (Table 30.3).” There is 
no direct comparative randomized study between RP and 
modern high precision RT. There are definite advantages 
and disadvantages of both the modalities. In surgical 
approach tumor is removed and PSA nadir occurs almost 


Table 30.2: Group stratification by D'Amico and National 
Comprehensive Cancer Network 


D’Amico system (1960) 
Low risk 


PSA < 10 ng/mL 
and Gleason < 
6 and percent- 
age of involved 
cores is < 50% 
or intermediate 
risk with only 
one positive 
core 


Intermediate risk High risk 


Gleason > 8 or PSA > 20 
and more than one positive 
core or intermediate risk 
and more than 50% 
positive cores 


Gleason score of 
7 or PSA of 10-20 
low risk with > 
50% of positive 
cores or high risk 
and only 1 
positive core 


NCCN system (T-stage based on 2002 tumor node metastasis or TNM 
system) 


Intermediate 
T2b-T2c 
PSA 10-20 ng/mL 


Low 
T1c-2a 
PSA < 10 ng/mL 


High 
T3a 


PSA > 20 ng/ 
mL 


Gleason 8-10 


Very high 
T3b-T4 
PSA any 


Gleason 
any 


Gleason 6 Gleason 7 


Abbreviation: PSA, prostate-specific antigen. 


Table 30.3: Recommendations for prostate cancer 
High risk 
RT + HT 


Low risk Intermediate risk 
RT or S RT or S +/- HT 
Abbreviation: RT, radiotherapy; HT, hormonal therapy. 
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instantaneously. However, large proportions of patient 
have persistent incontinence, erectile dysfunction and 
impaired QOL. These problems are more aggravated in 
elderly patients. On the other hand with RT PSA nadirs 
take weeks and tumor is not removed but “sterilized” 
There are RT related toxicities (radiation proctitis and 
cystitis). Comparative studies between these two 
modalities in 1980s and early 90s had shown marginal 
survival advantage at 15 year follow-up in surgery 
arm.” However, there was higher morbidity, hence 
compromised QOL in surgery arm. The major criticisms 
of these studies are that CT scan-based modern radiation 
therapies were not used and radiation dose delivered was 
suboptimal (low). There was a selection bias in the surgery 
arm (younger and patients with better prognostic features 
were recruited in the surgery arm). However, there was no 
significant difference in the overall and DFS till 10 years 
follow-up. Only at 15 years, there was marginal benefit 
with surgery which may be due to patient selection bias. In 
elderly patients with expected life expectancy less than 10 
years, RT may provide equivalent survival with preserved 
functions and better QOL. It will be interesting to see the 
impact of modern RT along with high radiation dose in 
both survival function and toxicity profile in appropriately 
designed randomized study. 


External Beam Radiotherapy 


In the last decade so called “conventional” RT using four- 
field “box” technique has largely been replaced by more 
sophisticated form of external beam radiotherapy called 
three-dimensional conformal RT (3D-CRT). A further step 
in the refinement of conformal RT is IMRT. In fact, even 
conventional irradiation could safely deliver 65-70 Gy, but 
currently this dose is considered insufficient to provide 
satisfactory local control.” 


Dose Escalation 


Various RT modalities have been employed to escalate 
the dose (unconventional fractionation, proton beam 
RT, brachytherapy) and improve locoregional control. 
Prospective randomized studies demonstrated that lower 
doses (<70 Gy) are inadequate for curative treatment of 
nonmetastatic prostate cancer.” Definite OS benefit with 
dose escalation was demonstrated in systematic review of 
the 38 studies published from 1990-2003 (various models 
estimated an increase in 5 year survival ranging from 
10-11% when the equivalent dose was increased from 
70-80 Gy).” However, there is no mature long-term data 
from randomized trial that has demonstrated survival 


benefit from dose escalation. Majority of phase III dose 
escalation studies with shorter follow-up duration had 
earlier biochemical control (nadir) and acceptable toxicity 
profile without significant difference in survival function. 
The most consistent benefit of dose escalation in terms of 
biochemical control is seen in patients with intermediate- 
risk disease (PSA 10-20 ng/mL). Retrospective studies 
have suggested biochemical failure as an early surrogate 
for clinical failure. Hence, it may be assumed that early 
and sustained biochemical control with higher RT dose 
will have survival advantage. Longer follow-up of these 
randomized studies, where high precision RT was used is 
necessary to define the impact dose escalation on survival 
function. Recently, a number of studies showed the 
feasibility of doses over 81 Gy with IMRT (or even IMRT 
boost to the intraprostatic lesion up to 90 Gy, but there is 
no strong evidence for dose escalation over 80 Gy.”** The 
recommendation is to deliver at least 76 Gy (up to 81 Gy) 
to the prostate clinical target volume with conventional 
fractionation. 


Fractionation Schedule 


Recent in vivo and clinical data suggest that prostate 
cancer is slow growing tumor (lower a/f ratio) and may 
be benefited from hypofractionated RT. The a/f ratio for 
prostate cancer is in the range of 1.0-3.0 Gy and for rectum 
is between 3.0 Gy and 5.4 Gy. This ratio describes the 
sensibility of the tissue to the fraction size. This differential 
a/ß ratio of tumor and adjacent normal structures are 
utilized (therapeutic gain) in hypofractionated RT.” 


Studies with Hypofractionated Radiotherapy 


Phase I or II trials with hypofractionated regimens 
had acceptable low rates of gastrointestinal (GI) and 
genitourinary (GU) toxicities (grade > 2 GI and GU 
toxicity rates of 5% and 3% respectively) and biochemical 
control rates were within expected range.” The concept 
of hypofractionation (higher than 2 Gy per fraction) 
and ultra hypofractionation (total dose delivered in five 
fractions) have generated excitement among the clinicians 
and hence a number of prospective studies were done 
from different centers throughout the world. Five major 
prospective studies with large number of patients from: (1) 
Princess Margaret Hospital (PMH), (2) Cleveland Clinic, 
(3) Manchester, (4) NCI Canada and (5) Chiba Japan have 
published their clinical data.*°** These centers had used 
dosage schedules ranging from 50 Gy in 16 fractions (3.13 
Gy/fraction) to 70 Gy in 28 fractions (2.5 Gy/fraction). 
Published toxicity profile in three of these trials was 
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quite acceptable, with radiation therapy oncology group 
(RTOG) grade > 2 late rectal and GU toxicity rates being 
only 2% each for PMH; 4.5% and 5.3% for Cleveland Clinic 
and 1% each for Chiba trials.” A five-year overall rate 
of biochemical control in Cleveland clinic and Chiba, 
Japan were 82% and 83%, respectively. These results are 
equivalent or better than the published literature with 78 
Gy at 2 Gy per fractions. Two ongoing phase III clinical 
studies [RTOG 0415 and medical research council (MRC) 
trial] are evaluating the role of hypofractionated RT in 
randomized setting with larger number of patients. In 
RTOG 0415 (expected accrual 1,067 patients) and MRC 
study (expected accrual 2100 patients); the dosage 
schedules are 70 Gy/28 fractions (2.5 Gy/fraction) and 57 
Gy/19 fractions (3 Gy/fraction), respectively. 


Ultra-Hypofractionation Trials 


In recent years with preliminary results ofhypofractionated 
RT and advent of SBRT are showing encouraging results. 
There is growing interest in ultra hypofractionation (five 
fraction treatment). Inhomogeneous dose distribution 
with noninvasive robotic radiosurgery is capable of 
producing dose distribution comparable with high-dose 
rate (HDR) implant dose distribution.*° The urethral dose 
can be minimal while delivering higher dose to prostatic 
tissue. There are early results with small patient numbers 
treated with ultra-hypofractionation regimen (usually 
35-40 Gy in five fractions; 7-8 Gy/fraction). In King et 
al. study, low-risk prostate cancer patients (n = 41) were 
treated with SBRT (36.25 Gy in five fractions of 7.25 Gy) 
using the CyberKnife.” At median follow-up of 33 months, 
all patients had biochemical control (100%) and 78% 
(25/32) patients had PSA nadir at one year evaluation. 
RTOG grade greater than or equal to 3, late urinary toxicity 
was in two patients (4.8%). Friedland et al. had published 
the result of 112 patients treated with SBRT (CyberKnife 
system).*” Dosage schedules were 35-36 Gy in five fractions. 
At median follow-up of 24 months, only three patients 
had failure (two local and one patient had distant failure). 
Majority (82%) of the patients had maintained erectile 
function. There are ongoing randomized multicentric 
clinical studies on both low and high risk localized prostate 
cancer patients with ultra-hypofrationated regimen and 
we expect long-term data in coming years. 
Hypofractionated RT regimens are promising and 
short-term data had shown equivalent biochemical control 
with acceptable toxicity profile. However, there is a need 
for long-term data of the published trials and matured 
data from the randomized studies to define the clinical 
usefulness of hypofractionated RT in prostate cancer.”**” 


Role of Modern Radiotherapy in 
Reducing Morbidity 


Conformal RT has become a standard RT delivery 
method in the last two decades. Though there is no formal 
prospective clinical study comparing efficacy and toxicity 
between conventional and conformal RT, dosimetric 
superiority of conformal RT is well established. Three 
dimensional conformal RT (3D-CRT) treatment planning 
involves volumetric image-based approach defining the 
tumor and organs at risk for individual patients. Primary 
aim of 3D-CRT is to deliver higher dose precisely to defined 
target with effective sparing of surrounding normal tissues. 
This in principle should contribute to better tumor control 
and also reduced morbidity (normal tissue complication 
probability). However, there is a potential risk of 
“geographic miss” due to inadequate (tight) margins or 
organ motion and increased acute or late toxicities resulting 
from the extreme dose escalation. Recently, evidence- 
based American Society for Therapeutic Radiology and 
Oncology systematic review showed reduction in acute 
toxicity with conformal RT. Modern conformal RT reduces 
late morbidity (particularly GI), provided that the dose 
to the rectum is limited.” Definitely longer follow-up of 
completed trials and new randomized trials are necessary 
to clarify these issues, specifically with regard to patient 
subsets and use of hormonal therapy. 

Cochrane review showed reduction of both acute and 
late bowel, and bladder toxicity accompanying the use 
of 3D-CRT without dose escalation.” This review also 
indicated that dose escalation with 3D-CRT increases 
biochemical control without increasing toxicity. The 
normal tissue toxicities may be reduced even further 
with more precise RT delivery technologies, such as 
IMRT and IGRT. To correct for daily set-up errors and 
interfraction organ motion, several technologies have been 
introduced, including use of transabdominal ultrasound- 
based imaging, daily insertion of an endorectal balloon, 
imaging of implanted radiopaque markers using electronic 
portal imaging devices and online computed tomography 
imaging integrated into treatment machines. 


Brachytherapy 


Brachytherapy is an important tool in the management 
of carcinoma prostate cancer patients.” Brachytherapy is 
a short course treatment with high dose per fraction RT 
schedule. Gastrointestinal toxicities are low and provide 
early biochemical control. However, brachytherapy is an 
invasive procedure and have different complication profile 
(higher urethral stricture, bleeding per urethra). Low-risk 
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prostate cancer patients (localized prostate cancer, GS < 6, 
PSA<10ng/dL) are suitable for radical brachytherapy (seed 
implant or HDR interstitial brachytherapy). Localized high 
risk prostate cancer patients may be treated with external 
beam RT followed by HDR brachytherapy boost. 
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PRELUDE 


The CyberKnife was invented by John R Adler, Professor 
of Neurosurgery and Radiation Oncology, of Stanford 
University, and Peter and Russell Schonberg of Schonberg 
Research Corporation. It is a robotic radiosurgery system 
suitable for precise radiosurgery treatment. Components 
of the CyberKnife are the radiation produced from a 
small linear particle accelerator and a robotic arm, which 
allows the energy to be directed at any part of the body 
from any direction.'” 

The CyberKnife system is a method of delivering 
radiotherapy, with the intention of targeting treatment 
more accurately than standard radiotherapy. It is not 
widely available, although the number of centers offering 
the treatment around the world has grown in recent 
years to over 150, particularly centered in North America, 
East Asia and Europe. The CyberKnife system is sold by 
the company named Accuracy, located in Sunnyvale, 
California. The CyberKnife system is used for treating 
malignant tumors and other medical conditions. 
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IMPORTANT FEATURES 


Over the time several generations of the CyberKnife system 
have been developed, since its initial inception in 1990. 
Cyberknife system has very special features that separate 
it from other stereotactic therapy methods. 

One of the unique feature of this machine is that, 
the radiation source is mounted on a general purpose 
industrial robot. The robot is mounted on the compact 
X-band linac that produces 6MV X-ray radiation linac 
machine is capable of delivering approximately 600 cGy 
(centigray) of radiation each minute, a new 800 cGy/ 
minute model was announced at ASTRO 2007. Radiation is 
collimated using fixed tungsten collimators (also referred 
to as “cones”) which produce circular radiation fields. 
Radiation field of sizes are 5, 7.5, 10, 12.5, 15, 20, 25, 30, 35, 
40, 50 and 60 mm are currently used. 

Installation of the radiation source on the robot allows 
near-complete freedom to position the source within 
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a space about the patient. This unique mounting of the 
radiation source on a robot, allows very fast repositioning 
of the source. This rapid change positioning of the source 
enables the system to deliver radiation from many different 
directions without the need to move both the patient and 
source as required by current gantry configurations. 


IMAGING TECHNIQUES OF CYBERKNIFE 


Image guidance system is the most essential item in the 
Cyberknife system. Arrangement of the X-ray imaging 
cameras are such that, they are located on supports 
around the patient allowing instantaneous X-ray images to 
be obtained. 


6D or Skull Based Tracking 


Imaging system allows the CyberKnife to deliver 
radiation with an accuracy of 0.5 mm without using 
mechanical clamps attached to the patient’s skull. Digital 
reconstruction of the images radiographs and a computer 
algorithm determine what motion corrections have to be 
given to the robot because of patient movement. Original 
method of this tracing was called 6D or skull based 
tracking (Fig. 31.1). Use of this image guided technique 
is referred to as frameless stereotactic radio surgery. ‘This 
method is referred to as 6D because corrections are made 
for the three translational motions (X, Y and Z) and three 
rotational motions. It should be noted that it is necessary 
to use some anatomical or artificial feature to orient the 
robot to deliver X-ray radiation, since the tumor is never 
sufficiently well defined (if visible at all) on the X-ray 
camera images.'* 


X-sight 


Extra image guidance methods are available for spinal 
tumors and for tumors located in the lung. The skull is 
rigid and nondeforming but the spinal vertebrae can move 
relative to each other. This means that image algorithms 
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Fig. 31.1: 6D or skull tracking 


must be used to correct for the distortion of the X-ray 
camera images. Current development in this field may be 
X-sight Lung, which allows tracking of some lung tumors 
without the need to implant fiduciary markers. 


Small Metal Markers 


Small metal markers (fiducials) are small metal markers 
(fiducials) made of gold for biocompatibility and high 
density to give good contrast on X-ray images are 
surgically implanted in the patient. The work is done by an 
interventional radiologist or neurosurgeon. The accurate 
placement of the fiducials is an important step ifthe fiducial 
tracking is to be used. When fiducials stays away from the 
location of the tumor may not be possible to accurately 
deliver the radiation. These markers are located on a 
computed tomography (CT) scan and the image guidance 
system is programmed with their position. As soon as the 
X-ray camera images are taken, the location of the tumor 
relative to the fiducials is determined and the radiation can 
be delivered to any part of the body. This is the way how 
the fiducial tracking does not require any bony land mark 
to deliver the radiation in a particular organ accurately. 
It is also true that the fiducials may migrate, which can 
limit the accuracy of the treatment. Sufficient time for the 
fiducials to stabilize is required between implantation and 
treatment. 


Synchrony 


Image guidance that the CyberKnife system (Fig. 31.2) 
can use is called the synchrony system. This unique 


Fig. 31.2: A CyberKnife robotic system 


system is used primarily for tumors of lung and pancreatic 
tumors. The principle of this system is to use combination 
of fiducials and light emitting optical fibers (markers) 
mounted on the patient skin. The tumor usually moves 
with respiration continuously and as such continuously 
image its location using X-ray cameras would require 
prohibitive amounts of radiation to be delivered to the 
patient’s skin. 

This combined sensors of the synchrony system is 
therefore continuously tracing the motion of the internal 
fiducials and therefore the tumor, based on the motion 
of the markers. Computer algorithm creates a correlation 
model that represents how the internal fiducial markers 
are moving compared to the external markers. 

For proper function, the synchrony system requires 
that for any given correlation model there is a functional 
relationship between the markers and the internal 
fiducials. The markers are usually placed on the patient 
abdomen so that the movement during respiration will 
reflect the internal motion of the diaphragm and the lungs. 


Frameless 


It is well-known fact that the conventional frame-based 
radiosurgery with Gamma Knife, treatment delivery is 
determined solely by a system of connecting a rigid frame 
to the patient, which is anchored to the patient’s skull with 
invasive aluminum or titanium screws. 

It is important to note that the CyberKnife is the only 
radiosurgical device that does not require such a frame 
for precise targeting. As soon as the frame is connected, 
the relative position of the patient’s anatomy must be 
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determined by making a CT or magnetic resonance 
imaging scan. 

Using this frameless system, a CT scan can be carried 
out on any day prior to treatment. On the day of the 
treatment the patient only needed to be positioned on a 
treatment table and then predetermined plan is delivered. 

The delivery of a radiation treatment over several 
days or even weeks (referred to as fractionation) can also 
be beneficial from a therapeutic point of view. Tumor 
cells typically have poor repair mechanisms compared 
to healthy tissue, so by dividing the radiation dose into 
fractions the healthy tissue has time to repair itself between 
the treatments. This can allow a larger dose to be delivered 
to the tumor compared to a single treatment.”* 


OTHER STEREOTACTIC SYSTEMS 


Gamma Knife 


The most popular and widely known stereotactic 
radiosurgery system is the Gamma Knife. It may be 
important to note that the Gamma Knife was originally 
developed by Lars Leksell and remains the gold standard 
method for delivery of stereotactic radiosurgery to the 
brain. Gamma knife system uses 201 Cobalt-60 sources 
located in a ring around a central treatment point 
(isocenter). Usually Gamma Knife system is equipped with 
a series of four collimators of 4 mm, 8 mm, 12 mm and 16 
mm diameter, and is capable of submillimeter accuracies. 
All gamma knife system does however require a head 
frame to be bolted onto the skull with screw. Due to the 
frame placement treatment with Gamma Knife does not 
require real time imaging capability as the frame does not 
allow movement during treatment. 


Stereotactic System: The Novalis 


Alternative popular stereotactic system is the Novalis 
produced by Brainlab. This stereotactic system involves a 
computer controlled micro multileaf collimator (mMLC) 
that can produce many complicated shapes. Current 
models of Novalis system uses X-ray imaging systems. 
2D/3D image is reconstructed from a planning CT scan. 
The accurate placement of the fiducial markers allows 
precise tracking via an infrared camera allows the precise 
and accurate dose delivery. The couch of the patient can 
move in all six dimensions enabling the precise positioning 
of the patient to receive the accurate dose of the treatment. 
The implanted marker-based respiratory tracking option 


known as ExacTrac Gating is also an option for the accurate 
dose delivery. 


Conventional Linac 


Conventional X-ray therapy linear accelerators can be 
utilized for radiosurgery, either by the use of additional 
blocking cones or by a removable or built-in mMLC 
system. Examples of removable mMLC units are the Ergo 
from 3D line, the mMLC manufactured by Brainlab and 
the AccuKnife produced by Direx or the Novalis TX. 


CLINICAL USES 


Since August 2001, the CyberKnife system has Food and 
Drug Administration clearance for treatment of tumors 
in any location of the body. Some of the tumors treated 
include: pancreas, liver, prostate, spinal lesions, head and 
neck cancers, and benign tumors. 

None of these studies have shown any general 
survival benefit over conventional treatment methods. By 
increasing the accuracy with which treatment is delivered 
there is a potential for dose escalation, and potentially a 
subsequent increase in effectiveness, particularly in local 
control rates. However, the studies cited are so far limited 
in scope and more extensive research will need to be 
completed in order to show any effects on survival.® 
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The term “gene therapy” is currently used to describe 
the efforts to bring genetic information into host cells of 
living organisms. It predominantly concerns a technique 
to transfer coding DNA, using any transport mechanism, 
into cells for DNA transcription. As such, the cell can be 
considered to be the in situ factory of the gene product.’ 

The field of preclinical and clinical gene therapy has 
been extended considerably over the last decade (Fig. 
32.1), despite of some previous serious clinical mishaps. 
Many overviews have been written about the diversity of 
current activities in the field of gene therapy, and the viral 
and nonviral tools applied. Especially in urology, there are 
opportunities for the further development of gene therapy 
that benefits the treatment of urological diseases.'” 

Gene therapy uses genes of interest (transgenes) for 
the intracellular production of proteins that might support 
the treatment of diseases either locally or systemically. 
Each disease dictates its own therapeutic strategy, and 
this strategy is reflected by the specific combination of 
therapeutic transgenes and transport vehicle (vector). 

Viruses have been used historically for their natural 
capacity to transfer (their own) DNA efficiently into the 
nucleus of cells. During the construction of the viral vector 
from wild type viruses, genes coding for replication are 
deleted to create space for the incorporation of therapeutic 
transgenes. Viral vectors are used to deliver the transgenes 
intracellularly in the same way that wild type virus 
infects human cells. The complex naturally occurring 
process of viral adhesion to the cell surface receptors and 
integrins, internalization into the cell via the endosome, 
intracytoplasmic release and transport along microtubules 
to the nucleus, where the DNA can be transcribed after 
passing through the tight pores of the nucleus. 

Nonviral vectors lack this natural capacity and the 
development of nonviral therapeutic vectors is therefore 
seriously affected by the major difficulties in overcoming 
each of these hurdles. At the same time this illustrates the 
main difference between the development of traditional 
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Fig. 32.1: Gene therapy, a technique of transferring coding DNA 


therapeutic drugs, like small molecules that are distributed 
over the whole body and gene therapeutic drugs that 
focus on the local intracellular production of active 
compounds.!* 


GENE THERAPEUTIC STRATEGIES 


Many different diseases might be theoretical targets for 
gene therapy. For correcting a single gene defect, like inborn 
errors of metabolism, the transgene must code for the 
defective gene product, e.g. a clotting factor in hemophilia. 
This requires long-term expression of the transgene in 
target cells and their offspring. Therefore, vectors are 
chosen that incorporate the transgene into the genome of 
the target cell, such as adenovirus-associated virus vectors 
(Fig. 32.2). The coding sequence for clotting factor VIII 
has been incorporated successfully into muscle cells of 
hemophilic patients, resulting in a sustained production of 
the missing factor VIII protein over several months.** 

Most of the activities for gene therapy within urology 
are directed at anticancer treatment (oncolysis), and 
therefore predominantly at cytoreduction. The latter 
can be accomplished by two therapeutic approaches: 
(1) the production of direct cytotoxic gene products within 
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Healthy 
gene 


C. 


Fig. 32.2: The principle of retroviral gene therapy is to insert a healthy gene into a retrovirus and inject the retrovirus into an unhealthy 
cell. The retrovirus is then incorporated by the cells genetic component and when the target cell divides, the healthy gene is expressed. 
Besides the requirement that the target cell divide and the healthy gene be expressed, there is also the problem of sustaining the cell 
divide and the healthy gene be expressed, there is also the problem of sustaining the cell division and gene expression. Complement 
proteins and anti-alpha galactosyl epitope antibodies can inactivate these retroviruses. Some of these effects have been bypassed by 


using promoters like tyrosine for host cell genes 


cancer cells or; (2) the indirect clearance of cancer cells by 
an enhanced immunological response. It is increasingly 
apparent that these approaches are closely related, 
as illustrated in human trials by the immunological 
responses to cytotoxic gene therapy for prostate cancer. 
None of the responses after cytotoxic gene therapy appear 
to be purely apoptotic, while the influx of nonspecific and 
specific immune cells has been reported after applying 
immunomodulatory and cytotoxic vectors. 


Improving the Specificity of Gene 
Therapeutic Vectors 


Cytotoxic and immunological effects should be limited 
preferably to the site of the cancer and optimally only affect 
the malignant cells. Systemically applied chemotherapy 
or cytokine therapy overall lacks this specificity and 
introduces general toxicity and side effects. The concept 
of local production of the toxic gene product causing a 
localized immunological effect and an immunological 
memory against future challenge of malignant cells is 
appealing. However, a confined reaction needs a targeted 
delivery of the transgene and transcription in the target 


cells only. At least one of the components of the gene 
therapeutic tool needs to be cancer or tissue specific to 
limit potential systemic side effects. 

The following strategies are used to improve specificity 
of vectors to the urogenital tract: 
Transductional targeting: Targeting the vector to the cell 
surface for selective adhesion and delivery. 
Transcriptional targeting: Targeting the transcription 
of therapeutic genes for selective production within the 
nucleus of target cells. 
Targeted transgenes: Targeting the therapeutic genes to 
the dysregulated metabolic pathways specific for tumors. 

Gene therapy research applied to cancer has gained 
prominence in the entire field of human gene therapy, 
since the first human gene therapy clinical trials in 
1989-90. Enthusiasm for gene therapy research for 
cancer is notable when compared with gene therapy 
for other diseases, where the correction of an inherited 
mutant gene is specifically identified and no disease 
resistance mechanism is known after gene replacement 
in experimental models. Several reasons explain this, 
particularly with respect to genitourinary cancers. First, 
the need for more effective systemic cancer treatments 
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than conventional chemotherapy for metastatic bladder, 
kidney, Wilms’ tumors and prostate cancer demands new 
lines of therapeutic research such as gene therapy. Second, 
of the many human diseases potentially treatable with 
recombinant DNA, in cancer the ethics of human gene 
therapy clinical trials are the least complicated for patients 
with metastatic diseases. 


Kidney 


Transductional targeting of adenoviral vectors to G250 
was feasible only in vitro. Adenoviral constructs can infect 
renal cancer cells in vitro, enabling these cells to be used 
for immunotherapy. Various trials have been initiated 
using vaccines of inactivated and genetically modulated 
autologous tumor cells. Of interest are the attempts in vivo 
to obtain targeting using ultrasound-mediated nonviral 
gene therapy with intravenous microbubbles that contain 
plasmids with genetic information. The locally applied 
ultrasound increases the permeability of cell membranes 
for enhanced gene transfer. 


Bladder 


Gene therapy may provide the (as yet missing) additional 
treatment to reduce recurrence and progression of 
urothelial cell carcinoma. The instillation of retroviral 
vectors in the bladder of tumor-bearing dogs, resulted in 
transduction of superficial layers of specifically cancer 
cells, but with a low infection efficacy (mean 5% of the 
cells) and without passing through lamina propria. The 
normal epithelium was remarkably not transduced. There 
is a focus on increasing the infection efficacy of viral 
vectors with intravesical compounds. 

Successful systemic gene transfer in an in vivo bladder 
cancer model was recently reported after intravenous 
administration of a nonviral untargeted polyethylenimine 
vector to restore p53; this resulted in a tumor response. 
Tissue-specific promoters, like human uroplakin II 
promoter for urothelial cell carcinoma have been identified 
but all of them have shown promoter leak in the laboratory. 

To date, one clinical gene therapy trial has been 
published for bladder cancer; in this trial (phase I), 13 
patients with locally advanced bladder cancer were treated 
by adenovirus-mediated transfer of the human p53 gene. 
There was no serious toxicity up to a dose of 10 virus particles 
and there was evidence for an antitumor response in one 
patient, which was probably due to general inflammatory 
response induced by the viral vector. This first trial indicates 
that gene therapy can be safely applied for bladder cancer, 


but also that issues like improved penetration of the mucosal 
layer, more efficient gene delivery and improved transgene 
expression should be addressed in future studies, including 
immunogene therapy trials.*® 


Prostate 


After many years of phase I and II trials, there are some 
indications on the benefit of gene therapy in the adjuvant 
setting of prostate cancer. The clinical data available shows 
the safety and tolerability of oncolytic therapies and the 
feasibility of some new techniques. 

Encouraging clinical results were obtained in oncolytic 
transgene approaches with enzyme/prodrug systems using 
thymidine kinase under herpes simplex virus promoter 
(HSV-TK) alone or combined with cytosine deaminase. 
This method generally will not regarded as targeted 
therapy, as the only technique of targeting that has been 
used is physical, is by direct injection into the target organ. 

Translational targeting was offered in a trial for prostatic 
bone metastases, in which an adenovirus expressing 
HSV-TK under the control of the osteocalcin promoter was 
directly injected into metastatic lesions or recurrences of 
prostate cancer after surgery. 

Conditionally replication adenoviral vectors will be 
used to increase the number of infected cells. Prostate 
specificity can be enhanced by hybrid promoters 
constructed from the TARP-promoter and/or the prostate- 
specific membrane antigen (PSMA) and prostate-specific 
antigen (PSA) enhancer elements.'*® 


Penis 


Experimental research in the field of erectile dysfunction 
has reported on the transduction and functionality of 
genes coding for vasoactive compounds in diabetic rat 
models. Gene therapy with nitric oxide synthase to the 
penile corpora in vivo also appears to stop the gradual loss 
of smooth muscle cells and replacement by collagen fibers 
(fibrosis) that impairs tissue compliance in the aging rat. 
As yet, no clinical studies have been initiated.” 


THE FUTURE OF GENE THERAPY 


Although much progress has been made in the translation 
ofhuman gene therapy, this technology is still in its infancy. 
Currently, the most efficient vectors for gene transfer are 
viral based. However, such vectors are invariable, highly 
immunogenic and readily eliminated from the body when 
given systemically. 


241 


242 


Section 6 General Urology 


Recombinant methodologies may also prove useful for 
augmenting conventional immunotherapy. Future research 
will likely be directed towards the development of more 
efficient vectors’ combination with conventional modalities. 


CONCLUSION 


The urological tract offers numerous possibilities to explore 
and define the role of various vectors and techniques. 
Translational and transductional targeting can be studied 
very well in prostate cancer models due to tissue-specific 
characteristics.'° 
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INTRODUCTION 


Prem Nath Dogra, Prabhjot Singh 


The word “LASER” is an acronym for light amplification by 
stimulated emission of radiation. Laser technology is one 
of the consequences of Nobel Prize winning developments 
in quantum mechanics. Laser is an energy source, which 
provides large quantities of energy rapidly to remote 
locations. Lasers are being used as a standard tool of the 
research lab, communications, surveying, manufacturing, 
diagnostic medicine and surgery. Various applications of 
lasers in medicine have been sought, since the creation of 
the laser. Lasers have become well established in urology, 
particularly in the treatment of urolithiasis and benign 
prostatic hyperplasia (BPH). Laser use in these areas is 
becoming standard and accepted practice and now it is 
being investigated in laparoscopic urology. In this chapter, 
we will first discuss the history and basic mechanisms of 
laser and then various types oflasers, and their applications 
in the field of urology. 


HISTORY 


Albert Einstein (1879-1955) was the first, who proposed 
the basic concept of laser technology. He showed that 
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light is not in the form of continuous waves, but it is in the 
form of packets of energy called “photons.”’ In 1960, first 
visible light laser was produced by TH Maiman, which 
consisted of synthetic ruby crystal with silver-coated ends 
surrounded by a helicoidal flash tube. Silver-coated ends 
improved the performance of laser by creating an optical 
resonator.’ In 1966, Parsons was the first to use similar ruby 
laser in a pulsed mode in canine bladders, followed by CO, 
laser for condyloma in 1980, photodynamic therapy (PDT) 
for carcinoma bladder in 1982 and the pulsed dye laser 
for urolithiasis.* In 1990, modern era of lasers in urology 
began with their application in BPH. 


BASIC PRINCIPLE OF LASER 


The term “light” is generally accepted to be electromagnetic 
radiation ranging from 1 nm to 1000 um in wavelength. The 
visible spectrum (what we see) ranges from approximately 
400-700 nm. The wavelength ranges from 700-10 um is 
considered the near infrared and anything beyond that is 
the far infrared. Conversely, 200-400 nm is called ultraviolet 
(UV) and below 200 nm is the deep UV (Fig. 33.1). 

Einstein innovation was based on two basic principles 
of physics: 
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Fig. 33.1: Electromagnetic spectrum 
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1. Light travels in packets of energy, known as photons. 
Most atoms or molecules exist naturally in a ground or 
low-energy state. 

Some atoms also exist at any given time at a higher 
discrete energy level. Their energy level can be raised by 
adding electricity, heat or light energy to atoms in their 
ground state. Electrons in atoms remain in a specific 
orbital patterns and radii. Each orbital has a specific energy 
level. An electron can move from one orbital to another of 
higher or lower energy and will absorb or emit an amount 
of energy exactly equal to the difference in energy between 
the two orbitals. The process by which a photon’s energy 
is captured by an electron, which leads the electrons to a 
higher-energy orbital, is called stimulated absorption (Fig. 
33.2). The process by which an electron jumps to a lower- 
level orbital and releases the energy in the form of photon 
is called “spontaneous emission” (Fig. 33.3). In 1917, 
Einstein proposed that stimulated emission may be the 
key to laser action (Fig. 33.4).* So, a photon of a particular 
wavelength (i.e. energy) must collide with an atom ready 
for spontaneous emission at that wavelength (i.e. having 
an electron already in the higher-energy orbital), a 
situation known as a population inversion, leading to an 
immediate release of photon and electron descents to a 
lower orbital. The colliding photon leaves the electron with 
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Fig. 33.2: A photon hits an electron, transferring its energy to the 
electron and electron jumps into a higher energy orbital. This is 
known as absorption 


Spontaneous emission 


Fig. 33.3: An electron in an orbit higher than the ground state may 
spontaneously lose its energy in the form of an emitted photon 
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Fig. 33.4: A photon may hit an electron that is already in a high- 
energy orbit with the result that two perfectly coherent and 
collimated photons leave the electron. This is known as stimulated 
emission 
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Fig. 33.5: Components of laser 


the emitted photon, with both photons having the identical 
wavelength, phase and direction. Energy must be supplied 
to this population. In a laser, the energy source is usually 
electric or flash lamp driven. The population of atoms or 
molecules that become excited are the lasing medium. 


COMPONENTS OF LASER SYSTEM 


All laser devices have three components (Fig. 33.5): 

1. Optical resonating chamber (cavity). 

2. Two mirrors. 

3. Space between these mirrors is filled with a lasing 
medium, such as argon, neodymium: yttrium- 
aluminium-garnet (Nd:YAG) or carbon dioxide (CO,). 
The lasing material can be molecules, ions, atoms, 
semiconductors or even free electrons in an accelerator. 
An external energy source, such as an electric current 

excites the lasing medium within the optical cavity. This 

causes many atoms of the lasing medium to be raised to 

a higher-energy state. Spontaneous emission occurs in 
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all directions. Light (photons) emitted retained within 
the resonating cavity by multiple reflections from the 
well-aligned mirrors. One mirror is completely reflective 
and the other partially transmissive. Stimulated emission 
occurs when a photon acts over another excited atom in 
the optical cavity, producing pairs of identical photons 
of equal wavelength, frequency and energy. These all 
remain in phase with each other. The mirrors act as a 
positive feedback mechanism for the stimulated emission 
of radiation by reflecting the photons back and forth. The 
partially transmissive mirror emits some of the radiant 
energy as laser light, which passes through a lens that 
focuses the laser beam to a very small beam diameter or 
spot size ranging 0.1-2.0 mm. 
The characteristics differentiate laser light from natural 
light are: 
e Coherence—the photons are all in phase (Fig. 33.6) 
e Collimation (they travel parallel with no divergence) 
(Fig. 33.7) 
e Monochromaticity (they all have the same wavelength). 
Different types of lasers have different lasing mediums 
(which can be solid, liquid or gas). So, there is release of 
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Fig. 33.6: Coherence 
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Fig. 33.7: Collimated light 


photons in different wavelengths of the electromagnetic 

spectrum, which determines the characteristics of a 

particular laser. Other factors that affect laser performance 

include the power output and the mode of emission (e.g. 

continuous wave, pulsed or Q-switched). Pulsed lasers 

have more precise control and less lateral heat conduction 
than a continuous output laser. 

e Continuous wave lasers emits a steady-state and 
uninterrupted beam. 

e Pulsed lasers have the following different types: 

— A gated pulse laser has a timed interrupted output 
with a peak power lower than continuous mode. 

— A true pulse mode in which the power output is 
built-up between pulses leading to higher peak 
power than a continuous mode. 

— A superpulse in which beam appears to be 
continuous because of fast frequency of pulses per 
second (about 300-1000/second). 

e Q-switched mode produces very high peak power 
outputs (in the order of tens of millions of watts) for 
very short durations (a few nanoseconds). 

Surgeon can control three variables of laser: 

1. Power (measured in watts) 

2. Spot size (measured in millimeters) 

3. Exposure time (measured in seconds). 

Out of these three variables, power is the least useful 
as a parameter and may be kept constant with widely 
varying effects, depending on the spot size and the 
duration of exposure. Power density (PD) is a more useful 
measure of the intensity of the beam at the focal spot 
than power because it takes into account the surface area 
of the focal spot. 

PD (watts per square centimeter) = (power in the focal 

spot)/(area of the focal spot) 


LASER TISSUE INTERACTION 


The laser tissue interaction involves certain physical 

principles: 

e Absorption: Necessary for the conversion of light to 
thermal energy 

e Reflection: The back scattering of energy away from the 
tissue surface 

e Scattering: The internal reflection of energy by various 
tissue components, resulting in diffuse absorption 

e Transmission: When energy is not fully absorbed, but 
rather penetrates through the tissues, resulting in less 
transfer of energy to the tissue.° 
Quality of the laser-tissue interaction depends upon 

the wavelength of laser used and local tissue properties 

including the density, degree of opacity (e.g. quantity of 
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pigments), water content and blood supply of the tissue. 
The more dense or opaque a tissue is, greater the degree of 
absorption of light energy and more is the heat production. 
Molecules, proteins and pigments may absorb light only in 
a specific range of wavelengths. Hemoglobin, for example, 
absorbs light energy that has a wavelength as high as 600 
nm and is translucent to light beyond this range. The 
CO, laser produces light in the far infrared spectrum at 
10,600 nm. This is heavily absorbed by water contained 
in tissue and therefore does not penetrate deeply. Local 
blood circulation also affects the degree of laser energy 
absorption because of the hemoglobin and circulating 
blood acts as a heat sink by transporting absorbed thermal 
energy away from the site of delivery. 

The wavelength of laser light can be proportional to the 
depth of penetration into specific tissues. The longer is the 
wavelength, the deeper will be the expected penetration. 
The Nd:YAG laser, for example, produces light in the near 
infrared region (1064 nm) and penetrates to a depth of 
approximately 4-6 mm in most tissues (at its wavelength, 
Nd:YAG is not absorbed by hemoglobin or water in any 
significant quantity). The CO, laser with a wavelength of 
10,600 nm penetrates only to a depth of less than 0.1 mm 
because its wavelength is highly absorbed by water present 
in the tissues. 

The laser tissues interaction involves one or more of 
the following effects: 

1. Thermal effect: Absorbed energy is transformed 
leading to increase in temperature of the tissue, with 
various biological effects. These effects are described 
as follows: 


Temperature Effects on tissues 

> 40°C Protein denaturation 

> 60°C Protein coagulation 

100°C Vaporization of tissue water 
> 250°C Carbonization 

> 300°C Tissue vaporization 


The thermal effect depends upon the wavelength 
of the laser light, the PD and tissue properties, e.g. 
CO,-laser have wavelength of 10,600 nm (in the 
infrared region of the spectrum). So, there is almost 
complete energy absorption leading to carbonization 
and vaporization. 

2. Mechanical effect: Very high PD over stone surface 
results in freeing of a column of electrons and the 
formation of a “plasma bubble.” The rupture of this 
plasma bubble changes the ultrastructure of the stone, 
leading to fragmentation of stone. 

3. Photochemical effect: Photoactivation of a specific 
drug and its transformation to a toxic compounds 
resulting in cellular death through the generation of 


the free radicals and peroxides that damages DNA and 
mitochondria. 

4. Tissue-welding effect: It is the tissue reapproximation 
through the application of focused thermal energy.° 
This energy induces the interdigitation of collagen 
(biological glue) with a solder (50% human albumin). 


TYPES OF LASERS 


In urology, different types of laser systems are being used 
(Table 33.1).’ 


Ruby Laser 


It is a solid-state laser using synthetic ruby crystal as 
its lasing medium. Theodore Harold “Ted” Maiman at 
Hughes Research Laboratories on May 16, 1960 made the 
first working ruby laser.’ It produces pulses of visible light 
at a wavelength of 694.3 nm, which is a deep red color. 
The active part of the ruby is the dopant, which consists 
of chromium ions suspended in a sapphire crystal. 
The dopant is responsible for all of the absorption and 
emission of radiation. Depending on the concentration of 
the dopant, synthetic ruby usually comes in either pink or 
red.® Use of ruby laser has decreased with invent of other 
lasers. But they are still used in a number of applications 
where short pulses of red light are required. Holographers 
are using it for making holographic portraits with ruby 
lasers, in sizes up to a meter square. Ruby lasers were 
used extensively in tattoo and hair removal, but are being 
replaced by alexandrite lasers and Nd:YAG lasers in this 
application. 


CO, Laser 


CO, lasers operate in the invisible far infrared portion ofthe 
electromagnetic spectrum at 10,600 nm. Special materials 
are necessary for their construction. Typically, the mirrors 
are silvered, while windows and lenses are made of either 
germanium or zinc selenide. Itis highly absorbed by water, 
therefore it vaporizes water-dense tissues to a superficial 
depth of less than 1 mm. Depth of thermal coagulation is 
about 0.5 mm. It can coagulate vessels smaller than 0.5 
mm effectively. 


Neodymium:Yttrium-Aluminum-Garnet Laser 


Neodymium:yttrium-aluminum-garnet laser emits 
light at a wavelength of 1,064 nm (close to infrared 
portion of the electromagnetic spectrum) and its 
active medium consists of neodymium atoms in an 
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Table 33.1: Types, characteristics and applications of laser 


Wavelength 
(nm) 

694.3 
10,600 


Tissue penetration 
(mm) 


Type 


Ruby 
CO 


2 


0.5 


Neodymium: yttrium- 1064 


aluminium-garnet 


504 
380-830 


Dye 


Alexandrite 


805 
830 
980 


532 


Semiconductor diode 


Potassium-titanyl 
phosphate -532/ 
Lithium triborate 


Holmium: YAG 


Thulium 1750-2220 


yttrium-aluminium-garnet rod. In early 1990, this laser 
was first used for BPH. This is poorly absorbed by water 
and body pigments. So, it can penetrate the tissues 
more deeply (4-6 mm). The laser-tissue interaction of 
Nd:YAG laser comprises of light energy absorption and 
conversion to heat or thermal energy. The relatively slow 
and nonselective absorption of Nd:YAG laser energy by 
soft tissue proteins leads to a relatively gradual transfer 
of thermal energy to tissues, producing slow tissue 
cooking or coagulation. The Nd:YAG laser thus became 
an inherently excellent tissue coagulator. Subsequently, 
the coagulated tissue sloughs with passage of time 
leading to prolonged dysuria and catheterization 
following laser prostatectomy, but with time, this laser 
was superseded by high energy lasers with vaporization 
properties. High power Nd:YAG has also been tried, 
but that led to coagulation and tissue charring causing 
sloughing of tissues and prolonged dysuria. It has good 
hemostatic (coagulates blood vessels as much as 5 mm 
in diameter) and cutting properties. It can be delivered 
in a continuous, pulsed or Q-switched mode. It is also 
used for lithotripsy in Q-switched mode. 


Tissue effects Clinical applications 


Tattoo, hair removal 


Vaporization Lesions of external genitalia; tissue 


welding 


Prostate ablation 
Tumor coagulation 
Urethral strictures 


Coagulation Vaporization 
(contact tip) 


Plasma bubble formation Stones 


Cutaneous lesions, pigmented 
stones, tissue welding 


Coagulation Interstitial prostate coagulation\ 


Tissue welding 


Vaporization Prostate ablation 


Stones 

Bladder tumor 

Urethral strictures 
Prostate ablation/incision/ 
enucleation 


Vaporization (both soft tis- 
sues and stones) 


Vaporization Prostate ablation 


The frequency-doubled, double-pulse Nd: YAG 
(FREDDY) laser is a solid-state laser with wavelengths of 
1064 and 532 nm, which can fragment stones by generation 
of a plasma bubble.’ The FREDDY laser is not able to 
fragment cystine stones and is also not able to coagulate, 
incise or vaporize tissue; however, the FREDDY laser can 
be considered as a low-cost alternative for laser lithotripsy 
for noncystine stones. 


Dye Lasers 


Pulsed-dye laser was the first laser lithtrite available, which 
used a coumarin green dye as the liquid laser medium. 
Coumarin dye emitted wavelength of 504 nm and it was 
delivered through optical quartz fibers. This laser was first 
tried for stones, but both calcium oxalate monohydrate 
and cystine stones were resistant to this laser. Ureteral 
perforations occurred with this laser. Other limitations of 
the coumarin pulsed-dye laser include the initial high cost 
of the device, requires about 20 minutes before it is ready 
to function and the required eye protection (amber glass), 
interfering with visualization of stone. As opposed to a 
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solid-state laser, the dye in the lasing chamber requires 
replacement, which is also inconvenient and expensive.'® 


Alexandrite Laser 


It contains chromium-doped mineral known as 
alexandrite (BeAl,O,). The wavelength range is 380-830 
nm and is strongest at 700-830 nm. It is well absorbed by 
pigment like melanin. So, it is used for cutaneous lesions 
and lithotripsy of pigmented stones. It has been tried for 
tissue welding. 


Semiconductor Diode Laser 


Laser light is produced using light-emitting diodes between 
reflecting mirrors in a resonator tube. With conventional 
lasers, less than 5% of the electrical input is converted into 
laser light. So, conventional lasers require high-energy 
cooling devices and radiators, thus increasing the size of 
the machine. The diode laser allows the more efficient 
use of the photons that are generated. Thus, the available 
diode lasers used for medical purposes are small and 
portable. The 980 nm diode laser uses a wavelength that 
has the highest simultaneous absorption in hemoglobin 
and water, which is theorized to provide both hemostatic 
and ablative properties. The 1470 nm wavelength is well 
absorbed by both hemoglobin and water. Diode lasers are 
currently used for tissue coagulation and its use has been 
established in BPH. 


Potassium-Titanyl Phosphate/Lithium Triborate Laser 


Potassium-titanyl phosphate (KTP) crystal acts as a lasing 
medium in this laser. It produces double the frequency ofan 
Nd:YAG laser and produces a 532 nm wavelength leading to 
intermediate level of coagulation and vaporization. Depth 
of tissue penetration is half as compared to Nd:YAG laser, 
but higher energy per unit tissue volume is produced, which 
increases tissue vaporization and desiccation. Initially low 
power KTP lasers were used as hybrid with older Nd:YAG 
lasers, which combined the cutting, sculpting or incising 
capabilities of low power KTP and coagulative necrosis 
property of Nd:YAG lasers. Later on, high power KTP 60 W 
and 80 W were used with rapid vaporization properties. The 
KTP and lithium triborate (LBO) lasers produce the same 
532 nm light beam within the visible green region of the 
electromagnetic spectrum with different maximal average 
power 80 W and 120 W, respectively." Lithium triborate 
is built up of a continuous network of B,O, groups with 
lithium cations located in the interstices. Lithium triborate 


laser is also known as GreenLight high-performance 
system (HPS) (Figs 33.8A and B). The KTP or LBO lasers are 
selectively absorbed by hemoglobin within prostatic tissue, 
thus permitting photoselective vaporization of prostatic 
tissue (PVP) by rapid photothermal vaporization of heated 
intracellular water.’” With a short optical penetration of 0.8 
mm, the resulting coagulation zone is limited to 1-2 mm, 
which leads to a more focused and effective vaporization 
when compared with the 4-7 mm coagulation zone of 
Nd:YAG.” GreenLight HPS 120 W, 532 nm LBO laser, PVP 
has substantially more vaporization efficiency and speed 
with equally favorable tissue interaction as compared 
to 80 W KTP. 


Holmium:Yttrium-Aluminum-Garnet Laser 


The holmium (Ho) wavelength (2143 nm, nonvisible/ 
infrared) is absorbed by water (Fig. 33.9A). The depth 
of penetration is 0.5 mm. It is a pulsed solid-state laser, 
which leads to a shorter absorption length. Both Ho and 
YAG have excellent hemostatic properties and can be used 
in normal saline, so decreases incidence of hyponatremia 
and operative time. Holmium energy is delivered through 
small, flexible fibers. Energy travels along the laser fiber 
through internal reflection (Fig. 33.9B). Specialized clear 
lens protective eyewear is recommended for the operating 
physician and those working with the fiber. For the patient 
having the eyes closed or blocked by a sheet is sufficient. 
The machine is key-controlled and easy to use. 


Figs 33.8A and B: (A) GreenLight high-performance system (AMS, 
Minnetonka, MN); (B) Potassium-titanyl phosphate side firing 
laser fiber 
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Lateral lobe 
prostate 


Laser fiber 

(end-firing) 

Figs 33.9A and B: (A) Holmium laser; (B) Enucleation of prostate 
with end firing fiber 


Thulium Laser 


The thulium laser has a tunable wavelength between 1.75 
and 2.22 um, mid infrared (invisible). Its characteristics 
are similar to Ho laser, but it is a continuous wave laser 
and has high absorption in water and low absorption in 
oxyhemoglobin. Its optical penetration is 0.4 mm and 
coagulation depth is less than 1 mm. This results in high 
absorption of the laser energy into the prostate and tissue 
vaporization." 


New Technology 


The erbium:yttrium-aluminum-garnet (Er:YAG) laser is 
an upcoming laser. Literature suggested that the Er:YAG 
laser may be more precise with minimal peripheral tissue 
damage and better lithotripsy than Ho laser, leaving a 
residual peripheral thermal damage zone of 30 +/-10 
micron compared with 290 +/-30 micron for the Ho laser. 
It may be considered as an alternative to cold knife or Ho 
in areas requiring minimal mechanical and thermal injury 
to tissues. Current drawback of the Er:YAG laser is the 
extremely high cost of the sapphire optical laser fibers.'°"” 


LASER APPLICATIONS IN UROLOGY 
Benign Prostatic Hyperplasia 


It took about a century to change the surgical treatment of 
BPH from open prostatectomy to transurethral resection. 
This change was based on convenience, patient load and 


revolution in technology economic. Open prostatectomy 
still offers the lowest failure rate, but it also has the highest 
rate of surgical complications. However, gradually with 
time, transurethral resection of the prostate (TURP) became 
the gold standard treatment of BPH. Laser prostatectomy 
was described initially in 1986, but its widespread 
application began in 1990, when the right-angled laser fiber 
was introduced." The Nd:YAG laser is the most extensively 
studied, but the KTP, semiconductor diode (SCD) and most 
recently the Ho:YAG laser have all been used to treat BPH. 
The laser prostate tissue interaction can have two different 
effects, i.e. coagulation and vaporization. In coagulation, 
the tissue temperature increased to more than 100°C and 
proteins are denatured, leading to necrosis. This necrotic 
tissue progressively sloughs, resulting in debulking of 
the prostate. In vaporization, the temperature of tissues 
reaches 300°C and intracellular water vaporizes, resulting 
in instantaneous debulking of tissues. The energy effect is 
determined by the wavelength of the laser light, the PD and 
the duration of treatment. 

There are four principal techniques that have been 
used to ablate the prostate:”° 


Transurethral Laser-Induced Prostatectomy 


The transurethral laser-induced prostatectomy (TULIP) 
device was one of the earliest laser systems and consisted 
of a characteristic balloon, which maintained the distance 
between the laser beam and the prostate. It also contain 
on its tip, a 7.5 MHz ultrasonic transducer and an Nd:YAG 
laser. The probe was moved from the bladder neck to 
the verumontanum and was then moved to another 
position, so that, in this longitudinal manner, the entire 
circumference of the prostate could be treated. The TULIP 
device has not withstood the test of time inspite of many 
improvements made to the original model. As urologists 
prefer being able to visualize a technique directly rather 
than indirectly by ultrasonography, it could likely be the 
reason for its unacceptability.*™ 


Visual Laser Ablation of the Prostate 


It was done by using side-fire fibers, which achieve effective 
coagulation necrosis or tissue vaporization. The Nd:YAG 
laser has been used as the energy delivery system and 
several different fibers are tested.***** It is accomplished 
by reflection or refraction, depending on the fiber used. 
Reflective systems use a gold-plated mirror or solid gold 
tip to deflect the beam. The angle of reflection varies 
from 45-105°, with 90° being the most common. Angle of 
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reflection determines the PD by establishing the size of the 
laser spot on the prostate. Reflective systems tend to absorb 
more energy than refractive systems and are more suitable 
for tissue coagulation. In refractive systems, the angle 
of divergence is narrow, allowing either coagulation or 
vaporization. The power settings have been recommended 
as 40-60 W for 60 seconds or even 90 W for 60 seconds. 
This higher power may cause mainly vaporization. In 
this situation, the lack of coagulative necrosis means an 
absence of tissue sloughing. A hybrid procedure has also 
been described that combines coagulation of the prostate 
with contact incision through the prostate. Tissue can be 
vaporized using the contact mode, with either side-firing 
or end-firing fibers with a sapphire tip for maximum 
PD, but the major disadvantage of visual laser ablation 
of the prostate (VLAP) procedure is long-term dysuria 
and urinary retention requiring extended postoperative 
catheterization because of slow sloughing of tissue. The 
major disadvantage of the vaporization technique is that 
the tissue ablation advances slowly, so this procedure 
is limited to small adenomas (< 40 mL). Due to all these 
disadvantages VLAP could not become the gold standard. 


Interstitial Laser Coagulation 


In this technique, special optic fibers are introduced 
directly, either transurethrally or perineally and often 
repeatedly into the prostate, leading to large volume 
coagulative necrosis with subsequent atrophy, but with 
no tissue sloughing.*® The Nd: YAG and SCD lasers both 
have been used. The advantage of this technique is that 
large-sized glands can be treated because it preserves 
urothelium, so less irritative symptoms and infections are 
present after the procedure.”’ 


Laser Resection/Enucleation 


Another technique is laser resection of the prostate, 
in which the adenoma is completely excised to the 
surgical capsule. It is safe and specimen is available for 
histopathology. The results of laser resection are superior 
than VLAP for the duration of catheterization (= 24 hours) 
andin causing fewer irritative postoperative symptoms. The 
disadvantage is long learning curve. In laser enucleation 
of the prostate, the entire median and lateral lobes are 
dissected off the surgical capsule, retrogradely. The large 
enucleated lobes can be removed from the bladder using 
mechanical morcellators or aspirators. 

There are different types of lasers being used for BPH 
which are described as follows: 


Potassium-Titanyl Phosphate Laser 


It is also known as GreenLight laser and it is very effective 
in vaporization of prostate. Vaporization of large prostate 
volume requires more energy and the current KTP lasers 
release up to 280 W of energy during a single pulse. Data 
from the Mayo Clinic and other centers showed the 
possibility of obtaining a large cavity with minimal bleeding 
so that the catheter can be removed within hours from the 
operation and the patient can be discharged immediately 
afterwards and making this procedure as a day care.”**° The 
KTP and LBO laser are used for PVP, with the newer 120 W 
LBO representing the latest advancement over the older 80 
W KTP system. International GreenLight laser user group 
reported their data (2008) with short follow-up period 
(mean, 4.2 months).*! They found significant improvement 
in International Prostate Symptom Score (IPSS), Qmax 
and postvoid residual in the subgroups of patients with 
preoperative urinary retention, on anticoagulants (35 
aspirin, 22 warfarin, 13 clopidogrel, 2 on both aspirin 
and clopidogrel) and those with large prostates (> 80 ml). 
Intraoperative bleeding complications were evident in 
seven patients (2.9%) in the nonanticoagulation group 
who required electrocautery to control bleeding, versus 
one patient (1.5%) in the anticoagulation group. The 
blood transfusion rate was also less in anticoagulation 
group. Another study also confirmed the same findings 
in which patients were on warfarin and was not stopped 
perioperatively.” Long-term data is not available with 
120 W KTP, but the long-term outcomes of the 80 W 
KTP laser and the initial 60 W prototype have been well 
reported in the literature, which demonstrates sustained 
clinical improvement in symptom scores and urinary flow 
rates.**** Ruszat and colleagues did the nonrandomized 
comparative trial between TURP with 80 W KTP laser and 
found improvements in voiding parameters, which were 
comparable between the two groups.” Photoselective 
vaporization of prostatic group has fewer intraoperative 
bleeding complications, but PVP group had a higher 
reoperation rate of 6.7% versus 3.9% for TURP, which did 
not reach statistical significance. One of the disadvantages 
of PVP and other laser ablative techniques is the lack of 
tissue for histological examination. One randomized study 
of 76 patients treated with either PVP or TURP and followed 
for at least 6 weeks showed similar improvement rates in 
IPSS and flow rates between both the groups, but there was 
earlier catheter removal, shorter hospital stay and lower 
early complication rate including blood loss in PVP group.*® 

Photoselective vaporization of prostatic advantages 
are its efficacy equivalent or near equivalent to standard 
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TURP with no risk of dilutional hyponatremia. It can 
be done under wide range of anesthesia from prostatic 
block with intravenous sedation to regional anesthesia to 
general anesthesia. Its use has been established in high- 
risk patients, such as those on anticoagulant therapy and 
aspirin. Many patients do not even require postoperative 
catheters. 


Holmium Laser 


The Ho:YAG laser can be used in the form of holmium 
enucleation (HoLEP), Ho ablation and Ho resection of 
the prostate. The depth of prostatic tissue is 0.5 mm and 
results in the prostatic tissue being heated to vaporization 
without deep coagulation.” Randomized controlled trials 
between HoLEP and TURP, and the other HoLEP with 
open prostatectomy have shown that at 36 months Qmax 
and IPSS were not statistically different between the two 
groups, whereas post void residual was significantly better 
in the HoLEP group.**** There were no blood transfusions 
in the HoLEP group versus two transfusions in the TURP 
group. The HoLEP group also had significantly shorter 
catheter times (1 day versus 2 days for TURP). Late 
complications at 36 months were similar. On further 
comparing open prostatectomy with HoLEP for prostates 
greater than 100 g with a follow-up period of 5 years, mean 
IPSS, postvoid residual and Qmax were not significantly 
different between the two groups. There were no blood 
transfusions in the HoLEP group versus 13.3% in the open 
prostatectomy group. The number of patients requiring 
reoperation in the five-year follow-up period was similar. 
Gilling and colleagues also showed same results with of 
six-year follow-up following HoLEP.” The use of HoLEP in 
anticoagulated patients was examined by a retrospective 
review of 83 patients.“ The blood transfusion rate was 
14.2% in fully anticoagulated patients, 14.7% in the 
low-molecular-weight heparin substitution group, and 
3% in those who temporarily ceased anticoagulation. 
The retrospective nature of the study and variety of 
anticoagulants and timing of their cessation make the 
results difficult to interpret. Parr et al. analysed 12 patients 
who had TURP without withdrawal of warfarin therapy 
and found 30% transfusion rate, which was significantly 
more than HoLEP patients.” 


Semiconductor Diode Laser 


The 980 nm SCD laser uses a wavelength that has the 
highest simultaneous absorption by hemoglobin and 
water, which is theorized to provide both hemostatic and 
ablative properties. Wendt-Nordahl et al. compared a 


980 nm SCD laser with TURP and an 80 W KTP laser. The 
authors found that the SCD laser had a faster tissue ablation 
rate as compared tor the KTP laser. The bleeding rate for 
both the SCD laser and the KTP laser was approximately 
100 times less than for TURP.*8 


Thulium Laser 


Wendt-Nordahl and colleagues had used continuous- 
wave thulium laser and compared it with TURP and 80 W 
KTP laser. They found that thulium laser had a faster tissue 
ablation rate than the KTP laser. The hemostatic properties 
of the both the lasers were similar. In comparison with 
TURP, the thulium laser had slower tissue ablation, but 
superior bleeding control.“ Xia et al. had described the 
tangerine technique, in which the prostatic lobes are 
dissected off the capsule, yielding tissue for histological 
analysis and compared it with TURP. Catheterization time, 
hospital stay and hemoglobin drop were significantly less 
in the thulium group.” 


Advantages of Laser Prostatectomy 


e Safety 

e Less bleeding, less blood transfusion rate 

e No TUR syndrome 

e Short period of catheterization and hospital stay. 


Disadvantages of Laser Prostatectomy 


e Learning curve 
e Cost 
e Dysuria sometimes. 


Indications of Laser Prostatectomy 


e Same as TURP 
e Patients on anticoagulants or with bleeding diathesis 
e Congestive heart failure. 


Urolithiasis 


In the era of endourology, open stone surgery has now 
become almost obsolete. In terms of safety and versality, 
lasers are better than other energy sources for lithotripsy. 
Initially coumarin-green pulsed-dye laser was used as a 
lithotripter. The optimum pulse duration appears to be 
1 ps.“ Various studies have reported an overall success 
rate of 80-95%. Cystine and calcium oxalate monohydrate 
stones were resistant to coumarin dye laser. The limitations 
of this device included initial very high cost and the cost 
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of disposables (coumarin dye). The Alexandrite laser 
was introduced in 1991 and seems to be highly effective 
irrespective of the composition of the stone.“ In contrast, 
in one study the fragmentation rate using the Alexandrite 
laser was only 50%, because of equipment malfunction, 
authors did not recommend it as an effective lithotripter.” 


Holmium Laser 


The Ho laser is a solid-state laser system that operates 
at a pulsed mode. Pulse duration of the Ho laser ranges 
250-350 ps and is substantially longer than the pulse 
duration in pulsed-dye lasers. Holmium laser lithotripsy 
occurs primarily through a photothermal mechanism that 
causes stone vaporization, requiring direct contact of laser 
tip with stone.’ The emitted energy superheats the water 
and creates a microscopic vaporization bubble at the tip of 
delivery fiber. The expansion of bubble leads to shock wave 
that is transmitted to the stone to induce fragmentation.*! 
The long Ho pulse duration produces an elongated 
cavitation bubble that produces only a weak shockwave, in 
contrasts to the strong shockwave produced by short-pulse 
lasers, that is the reason for less retropulsion with Ho laser. 
During Ho lithotripsy, stone fragmentation began before 
bubble collapse and shockwave production. The Ho:YAG 
laser is normally used at frequencies ranging 5-10 Hz. 
Chawla and colleauges have called this a “popcorn effect” 
with high-frequency (20-40 Hz) Ho:YAG lithotripsy.” This 
has potential advantage in that direct contact of the laser 
fiber on the stone is not required, such as in the situation 
of multiple small fragments in a lower pole calyx. The 
laser fiber can be positioned near the fragments, away 
from urothelium and continuously fired, relying on the 
retropulsion of the stones and continuous irrigation 
within the confined space to move the stones in front of 
the laser fiber and achieve final fragmentation at the end 
of a procedure. 


Advantages and disadvantages of Holmium laser 
lithotripsy: Holmium laser is safer and more efficient. 
The Ho laser machine is compact, requires minimal 
maintenance and is ready for use 1 minute after it is turned 
on. It can fragment all stones irrespective of composition. 
It produces significantly smaller fragments as compared 
to other lithotrites. The Ho laser reduces the incidence 
of retropulsion of the stone. The eye protection for the 
Ho laser does not interferes the ureteroscopic view of the 
stone or the fiber. The main disadvantage of Ho is cost 
and in vitro production of cyanide production during uric 
acid lithotripsy but review of clinical experience suggests 
no significant cyanide production. Another disadvantage 


is possible damage of guide wires or baskets.” The 
significant drawback of the high initial cost of equipment 
can be minimized by the multipurpose, multispeciality 
applications of the Ho:YAG laser. 


Frequency Doubled Double-Pulse Neodymium: 
YAG (FREDDY) Laser 


It fragments stones by generation of a plasma bubble, 
which upon collapsing generates a mechanical shock 
wave, which is responsible for stone fragmentation. A 
comparative in vitro study assessing the retropulsion 
and fragmentation of the FREDDY laser with the Ho:YAG 
laser and a pneumatic lithotripter found that the highest 
retropulsion occurred with the pneumatic lithotripter. The 
FREDDY laser caused significantly more retropulsion than 
the Ho:YAG laser. Stone fragmentation, measured as stone 
weight loss was significantly greater with the FREDDY 
laser compared with the Ho:YAG laser. The FREDDY laser 
is not able to fragment cystine stones and is also not able 
to coagulate, incise or vaporize tissue.” 


Urothelial Malignancies 


Laser energy for the treatment of urothelial cell carcinoma 
can be applied because of two main effects of laser-tissue 
interactions, i.e. photothermal and photodynamic effects. 


Photothermal Effect 


This is the coagulation necrosis of exophytic superficial 
bladder tumors.” Laser coagulation is used for the 
ablation of tumors up to 2.5 cm in size. The Nd:YAG laser 
has the best properties to be used in bladder cancers. 
Limiting the energy to 35 W prevents temperature rising 
more than 60°C on the outer bladder wall, thereby 
minimizing the risk of perforation. Laser therapy is more 
expensive than resection due to the cost of laser fibers, 
with the advantage of negligible bleeding and no risk 
of obturator reflex. Small lesions can be treated easily 
using intravesical anesthesia. Optimal candidate for laser 
therapy is the patient with recurrent, low-grade lesions 
whose type is already known because histopathology 
of tumor is not available. Otherwise cold cup biopsy is 
required prior to coagulation. The Ho:YAG, argon and KTP 
lasers ablate tissues by cutting (vaporization) and thus 
have limited applicability due to lack of deep coagulation. 
The most significant complication of laser therapy is 
forward scattering of laser energy to adjacent structures, 
resulting in perforation of a hollow and viscous organs 
such as overlying bowel. This is rare but most commonly 
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occurs with the Nd:YAG laser because of its deeper tissue 
penetration than with Ho:YAG and KTP lasers. 

For tumors of the ureter and renal pelvis, laser energy 
is possibly the best method for conservative management. 
Renal pelvic tumors can be approached retrogradely 
or percutaneously. Indications of these conservative 
treatments are smaller and low-grade tumors in patients 
having a solitary kidney or bilateral, renal failure, or those 
unfit for major surgery. Advantages over electrosurgical 
treatment include an absence of bleeding and a lower 
incidence of stricture formation because there is a minimal 
fibrotic reaction. The disadvantages of this method are the 
inability to accurately predict the depth of coagulation and 
the possibility of incomplete tumor eradication. 


Photodynamic Therapy 


It is another form of tumor ablation in which a 
systemically administered compound is absorbed or 
retained preferentially by cancer cells and converted by 
laser light to a toxic compound. This compound usually 
acts through oxygen radicals to destroy malignant cells. 
Lasers are ideally suited for this form of therapy because 
of their monochromaticity and small, maneuverable 
delivery systems. As a photosensitizer, photofrin II, a 
derivative of hematoporphyrin (HPD) was used initially. 
After intravenous administration, HPD is distributed to 
all tissues, but while it clears rapidly from normal tissues, 
malignant cells retain it. As an energy source, an argon 
laser is used to excite the red dye rhodamine B, and red 
light at 630 nm is emitted. This wavelength has been 
chosen for photoactivation because it penetrates deeply 
into the tissue. Treatment consists of the intravenous 
administration of 1.5-2.0 mg/kg photofrin II, followed afew 
days later by a single exposure of the whole bladder to laser 
light (energy density 15-25 J/cm”) via a spherical-tip quartz 
fiber or of a focal lesion via a microlens tip. Candidates 
for PDT are patients with superficial transitional cell 
carcinoma (stage Ta, T1 and CIS) resistant to intravesical 
chemo and/or immunotherapy.*® Complications of PDT 
include severe and prolonged irritative urinary symptoms 
and detrusor injury," resulting in debilitating fibrosis with 
a small bladder capacity (27-57%) and reflux (17-80%). 
It also causes photosensitivity, so patients are advised to 
avoid sunlight for 4-6 weeks after PDT. 


Ureteropelvic Junction Obstruction/ 
Ureteral Stricture 


Open or laparoscopic pyeloplasty is the standard treatment 
of ureteropelvic junction obstruction, but minimal invasive 


treatments like endopyelotomy and endopyeloplasty have 
also given comparable results. Both percutaneous or 
ureteroscopic approaches for endopyelotomy can be used. 
A percutaneous approach is most appropriate for those 
patients with concomitant pyelocalyceal stones, which can 
then be managed simultaneously. Endopyelotomy can be 
done with cold knife, endopyelotome and hot cautery wire 
or Ho laser. Success rates with antegrade endopyelotomy 
range between 67 and 88%. Ureteroscopic retrograde 
endopyelotomy using the Ho laser at 10 W showed 
symptomatic and radiographic success range from 65-91% 
and from 73-85%, respectively. 

Common causes of ureteral stricture formation 
include ischemia, surgical and nonsurgical trauma, 
periureteral fibrosis, malignancy or a congenital disorder. 
Endoureterotomy can also be done with colf knife or using 
laser, preferably Ho with equal results. Ureteroenteric 
anastomotic stricture following urinary diversions is a 
difficult situation. Various options in these patients are 
balloon dilatation, electroincision, Ho endoureterotomy 
or open exploration, but studies have shown that the 
success rate of endourological treatment is lower than 
open revision.” 


Urethral Stricture Disease 


Urethral strictures may be post-traumatic, inflammatory, 
iatrogenic or idiopathic. All these require either 
endoscopic treatment or open surgical procedure. 
Internal urethrotomy yields a success rate of only 20-40% 
and repeated procedures, unfortunately offer only little 
improvement. Several different lasers have been used for 
internal urethrotomy including KTP, argon, diode, Nd:YAG 
and Ho:YAG. Success rates of laser are comparable with 
those of cold knife internal urethrotomy and decreases 
with follow-up. Various studies showed success rate of 76%, 
67% and 52% after 6, 12 and 24 months, respectively. The 
success rate with laser internal urethrotomy was greater in 
patients with previously untreated strictures. 

Core through urethrotomy (CTU) or cut to the light 
involves coring a channel through the blocked site toward 
the light of an endoscope introduced via a suprapubic 
tract and through the bladder neck to the proximal end 
of the occluded urethra. All types of lasers (KTP, Nd:YAG, 
Ho:YAG) have been used to vaporize the obliterating 
tissue.” The Nd:YAG laser is less invasive and alternative to 
more complex urethroplasty procedures for patients with 
post-traumatic prostatic and supraprostatic strictures with 
good long-term outcomes and can be used for patients with 
failed urethroplasty.’ Dogra and colleagues have reported 
excellent results with laser CTU (both Ho and Nd:YAG) for 
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obliterative post-traumatic urethral strictures in adults as 
well as children.” The mean operating time was 40 minutes 
(range 30-90 minutes), with mean hospital stay of 8 hours 
(range 6-48 hours) with no perioperative complications. 
After laser CTU, the requirement for subsequent internal 
urethrotomy (40-67%) and failure rate (3-42%) appear to 
be fairly comparable with the rates (57-66% and 10-30% 
respectively) after open surgical repair.” 

Core through urethrotomy is more successful, if 
stricture length is 2 cm or less, the proximal urethra is 
not displaced or kinked, when there is no active infection 
at the site, if there has been no previous manipulation 
(railroading), severe distraction injuries or associated 
false passage.” A comparison of CTU with perineal 
urethroplasty for pelvic fracture and urethral distraction 
defect showed that operating time and blood loss were 
lower in the endoscopic group, but there were no other 
significant differences in morbidity or invasiveness. The 
author concluded that endoscopic treatment offers no 
compelling advantage over open urethroplasty for the 
delayed treatment of post-traumatic stricture urethra.” 


Genital Warts/Penile Carcinoma 


Genital warts are papillary lesions over the prepuce or 
glans. These are caused by human papillomavirus and 
may be premalignant, hence require active treatment. 
Therapeutically, the topical application of podophyllotoxin 
solution (0.5%), trichloroacetic acid or imiquimod cream 
(5%) is effective. Large lesions are treated by fulguration, 
local excision or laser treatment. Both CO, and Nd:YAG 
lasers have been used with good cosmetic results. 

Laser therapy is a form of conservative treatment 
of penile squamous cell carcinoma. The lasers most 
commonly reported for this purpose are the CO,, Nd:YAG 
and KTP. Circumcision is generally recommended at 
the time of laser therapy. Laser treatment can be an 
effective method for patients with stage Tis, Ta, T1 and 
manageable T2 tumors, who refuse more aggressive 
surgical treatment, with excellent cosmetic and 
functional results. Disadvantages include difficulty 
in determining the exact depth of laser coagulation, 
inability to treat larger lesions and prolonged healing 
in patients, who are obese and immunocompromised. 
The CO, or Nd:YAG laser have been used successfully for 
invasive tumors (T1, T2). Erections were maintained in 
70% of patients. Important requirements for achieving 
good results are adequate initial staging and a prolonged 
follow-up. 


Urethral/Bladder Hemangioma 


Although urethral hemangioma is very rare, the most 
common location is meatus. Patients can presents with 
hematuria or obstructing voiding symptoms. However, 
open excision and reconstruction is the preferred 
treatment, but small lesions can be treated with laser 
fulguration. Argon, KTP and Nd: YAG has been tried with 
minimal scarring. 

Bladder hemangioma can exist independently or 
as part of the congenital Klippel Trenaunay-Weber 
syndrome. Endoscopic resection of such lesions can 
cause uncontrollable hematuria and thus this therapeutic 
modality is inadvisable. The management of bladder 
hemangioma, is therefore seems to be a good candidate 
for the use of the laser. The Nd:YAG laser applied in 
noncontact mode can effectively coagulate these lesions 
with no complications.” 


Tissue Welding 


Laser energy can be used to reapproximate the tissues. 
It can give good tensile strength, watertight seals and 
minimal scar formation. Tissue solders (albumin 
solutions) and chromophores added to tissue edges 
before reapproximation are known to speed up the 
welding process. Tissue welding effect of laser has been 
tried in vasectomy reversal.” The lasers tried are the 
CO, and Nd:YAG. In several studies the overall patency 
rate exceeds 90% and the fertility rate is 35%, with no 
serious complications (sperm granuloma, local swelling 
or hematoma). These results are comparable with those 
of conventional microsurgery with less operative time.” 
Other reported applications of tissue welding in urology 
include small vesicovaginal fistulas,” hypospadias, 
pyeloplasty, augmentation cystoplasty and continent 
urinary diversion. Author has successfully treated eight 
cases of vesicovaginal fistula, using Nd:YAG laser in one of 
the case and Ho:YAG in rest seven cases. 


Bladder Neck Incision/Posterior Urethral Valves 


Bladder neck contractures following prostatectomy have 
been treated using laser energy. The Ho:YAG is most likely 
the best form of laser energy for these cases because of its 
safety, precision and minimal collateral injury. The posterior 
urethral valves (PUV) is the one of the common cause 
of infravesical obstruction in male infants. Therapeutic 
modalities for PUV include electrocautery, fulguration or 
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resection or diversion. Fulguration can be done with Ho 
laser with low incidence of stricture formation. 


LASERS IN LAPAROSCOPY 


Lasers applications in laparoscopic urology remain 
experimental at this time. Laser tissue welding in 
laparoscopic pyeloplasty and laser laparoscopic partial 
nephrectomy (LPN) have been extensively tried, although 
most recently laser applications in laparoscopic and 
robotic-assisted radical prostatectomy have also been 
investigated. Laser laparoscopic pyeloplasty has focused 
on laser welding for pyeloureteral reconstruction. 
However, laser welding of the pyeloureteral anastomosis 
has not demonstrated an advantage over standard suturing 
techniques, so it is not used routinely. 

Laparoscopic partial nephrectomy is a technically 
demanding procedure, which is difficult to master and 
requires hilar clamping with its associated warm ischemia. 
Laser LPN has been tried to allow excision of the tumor 
mass without hilar clamping, while minimizing complex 
intracorporeal reconstruction. The Ho, KTP, Thulium 
diode has been used in LPN.®!* Laser laparoscopic radical 
prostatectomy has recently been investigated. Laser 
energy potentially allows for precise dissection with good 
hemostasis and minimal adjacent tissue injury. Studies 
have shown that Nd:YAG laser has minimal cavernous 
neurovascular bundle injury, as compared to monopolar 
and bipolar diathermy, and ultrasonic shears.®®® Another 
study compared the effects ofthe KTP laser onneurovascular 
bundle function with cold scissor dissection.” It was found 
that laparoscopic KTP laser dissection of the neurovascular 
bundles was found to be equivalent to cold scissor 
dissection and superior to ultrasonic shears in preservation 
of cavernous nerve function. 


CONCLUSION 


Role of the lasers in the management of urolithiasis, 
urothelial neoplasia and BPH is well established. The 
techniques of PDT and laser tissue welding seem to 
have the potential to develop from experimental and 
laboratory procedures to valuable clinical instruments. 
Laparoscopic laser applications continue to be examined 
but remain unproved at this time. The future of lasers in 
urology will be based on developing new wavelengths 
and newer lasing media that are more precise and useful. 
The hope for the future is a widely tunable, highly cost- 
effective laser using thin films of conjugated polymers 
and packaged in an ultra compact device. It is likely that 


laser energy will continue to be increasingly developed 
and used in urology in future. 
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PRELUDE 


Surgical techniques designed to disintegrate the tumor 
or removal of the tumor bearing area sparing the 
normal renal tissue and function have been aggressively 
developed in recent years for the treatment of small and 
asymptomatic tumors. Nephron sparing surgery in the 
form of partial nephrectomy has proven to be safe and 
sets a new standard; in fact, it has become a gold standard 
treatment for renal cell carcinoma (RCC). Survival rate is 
similar to that for radical nephrectomy for small RCC. The 
associated improvement in postoperative renal function 
can particularly be important in older patients who often 
have multiple comorbidities. 

Unfortunately, radical and partial nephrectomies have 
significant associated morbidity and mortality, and usually 
require a prolonged period of recuperation. Laparoscopic 
techniques have decreased postoperative recovery time 
but are technically difficult and still require extensive 
peritoneal or retroperitoneal dissection. Despite these 
limitations, open or laparoscopic partial nephrectomy is 
now considered as a standard of care for the treatment of 
small RCC at most of the institutions. Due to success of 
local tumor resection for the treatment of RCC, there has 
been increasing interest in the development of even less 
invasive techniques.!” 

Percutaneous image-guided ablation has enjoyed 
tremendous success in the treatment of liver and prostate 
cancer recently, and has potential as a less invasive 
alternative therapy for small RCC. In many instances, 
small renal tumors are ideally suited for treatment with 
percutaneous ablation techniques. The retroperitoneal 
location decreases the likelihood ofsignificant postablation 
bleeding, the perirenal fat insulates surrounding structures 
from inadvertent damage and the exophytic location of 
most renal tumors makes targeting straightforward.'* 


Image-guided Percutaneous 
Treatment ot Genitourinary 
Cancer 


MA Salam, Md Faisal Islam 


INDICATIONS 


Percutaneous tumor ablation is quickly becoming a viable 
option for many patients. In particular, patients with 
significant comorbidities and contraindications to surgical 
intervention should be considered for ablation because of 
its excellent safety profile. Patients who have compromised 
renal function, a solitary kidney or a syndrome that places 
them at risk for multiple RCC (i.e. von Hippel-Lindau) or 
who refuse surgery, should also be considered for possible 
ablation. The role of ablation for the treatment of RCC that 
can reasonably be treated with either ablation or resection 
is evolving, and is currently up to the discretion of the 
individual patient and his or her physician. 

The size of a renal tumor, its location within the 
kidney and the proximity of adjacent structures should 
be considered when evaluating a tumor for possible 
ablation. The size of the tumor is directly correlated 
with the likelihood of metastatic disease. Once a tumor 
reaches 5 cm in diameter, it is much more likely to have 
metastasized’ thus limiting the role of any local therapy. 
The size of the tumor is also directly linked to the technical 
difficulty of performing an ablation. With the currently 
available technologies, successfully ablating a tumor 
larger than 3.0 cm can be challenging.”® 

The difficulty is primarily related to the need for 
multiple overlapping ablations when larger tumors are 
involved. Multiple ablations can be difficult to monitor 
and control. Increasing the size of the ablation zone 
also increases the likelihood of inadvertently damaging 
adjacent structures. The location of the tumor within the 
kidney is also important. In particular, centrally and/ 
or anteriorly positioned tumors can be problematic. 
Centrally located tumors are resistant to ablation due to 
the “heat sink effect” of the large vessels within the renal 
hilum. These vessels disperse the heat resulting in sparing 
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of the tumor. This has been confirmed in clinical trials 
where centrally located tumors have been associated 
with a higher rate of incomplete ablation, as compared 
with parenchymal or exophytic tumors. Centrally located 
tumors are also associated with a higher rate of injury to 
the collecting system. 

Ablation of lower pole tumors is associated with a 
higher risk of ureteral injury and subsequent stricturing. 
These injuries can require prolonged stenting or ureteral 
resection. Anteriorly located tumors are often located in 
close proximity to the colon. Inadvertent thermal injury of 
the colon has been associated with poor patient outcome 
and even death in patients who have undergone hepatic 
radiofrequency (RF) ablation. 

In an effort to avoid this complication, anteriorly 
located tumors are often surgically resected or ablated.°" 


PATIENT PREPARATION/ANESTHESIA 


Bowel preparation prior to the ablation procedure results 
in improved tumor visualization under ultrasound (US) 
or computed tomography (CT) due to less bowel gas and 
decrease in the incidence of postprocedure ileus. Taking 
nothing per oral midnight before the procedure allows 
either conscious sedation or general anesthesia to be 
administered safely. The use of antibiotics prior to ablation 
is controversial. 


IMAGE GUIDANCE 


Computed tomography is the primary modality for 
planning prior to ablation of a renal tumor. The high 
spatial resolution and ability of CT to visualize adjacent 
structures, as well as to evaluate patients concurrently for 
evidence of metastatic disease, makes it superior to US 
for preprocedural evaluation. The limitations of CT for 
targeting RCC as compared to US include the frequent 
difficulty of visualizing RCC on noncontrast CT, the 
comparatively limited approach path allowed by CT, the 
relatively thick imaging plane, which makes applicator 
positioning less precise and the greater time (compared 
with US) required to position the applicator under CT 
guidance. Computed tomography fluoroscopy can speed 
the ablation procedure but increases the radiation dose to 
the patient and physician. 

Magnetic resonance imaging (MRI) has many 
advantages for use as a targeting modality, including 
multiplanar imaging capabilities, exceptional soft tissue 
differentiation, real-time fluoroscopic capabilities and 
the ability to directly measure tissue temperature with 
magnetic resonance thermometry based on gradient echo 


imaging. Despite these theoretical advantages over both 
US and CT, access to interventional magnets continue to be 
very limited even in tertiary care facilities and as a result, 
MRI-guided tumor ablation is currently not considered as 
a viable option for most radiologists. ° 


Radiofrequency Ablation 


Monitoring an ongoing ablation can be difficult regardless 
of whether CT or US is being utilized. This is particularly true 
for RF and the other heat-based ablation techniques. The 
high temperatures produced by these modalities result in the 
release of water vapor. The water vapor distorts the US beam 
producing “dirty shadowing” often obscuring the tumor 
being targeted, as well as surrounding normal parenchyma.” 


Cryoablation 


Cryoablation is more easily monitored than the heat- 
based methods of ablation because the iceball produced 
during the ablation is readily seen by US, CT and MRI. 
The iceball is identified as a regular and well-defined 
hyperechoic line with dense posterior acoustic shadowing 
by US and as a region of low attenuation (0 Houston units) 
on CT and low signal on T1-weighted MRI images. If there 
is an appropriate acoustic window with US, the iceball 
can be evaluated from multiple angles, allowing superb 
definition of the involved area. Unlike the heat-based 
methods, the imaging changes are closely correlated with 
the area of tissue necrosis. In fact, the iceball identified 
on US corresponds to the portion of the ablated tissue 
that reaches a temperature of 0°C."*'* At a depth of 1 mm 
to this region is the transition point at which the ablated 
tissue reaches a temperature of -20°C or less. Complete 
cell death generally results at a temperature of -20°C.” 
Controlling the ablation is intimately linked to monitoring 
the ablation and thus can be difficult, particularly with the 
heat-based mechanisms. 


Assessment of Response 


Assessing the response to ablation should be performed 
soon after the procedure itself. It is usually performed 
with US guidance, and the ablation is monitored with a 
combination of US and CT fluoroscopy as necessary. If 
the tumor is not completely ablated, additional ablations 
are performed in the same setting to ensure adequate 
treatment of the entire tumor. Cryoablation can be 
monitored with US and CT. 

A diagnostic contrast-enhanced CT performed 
immediately after the ablation shows the “tumor ghost.” 
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The tumor often does decrease in size secondary to 
desiccation but will not resolve. More importantly, there 
is no residual enhancement of the tumor itself and the 
lack of adjacent renal enhancement shows that there is an 
adequate margin. 


IMAGE-GUIDED TUMOR ABLATION MODALITIES 


There are a variety of different tumor ablation modalities 
available, but all of them work through heat either 
hot or cold. 


High Temperature 


e Radiofrequency 

e Microwave (MW) 

e High-intensity focused US 
e Laser. 


Extreme Low Temperature 
Cryoablation 


Radiofrequency ablation and cryoablation are the most 
mature technologies and the most extensively studied 
and clinically applied techniques. The other technologies 
are in development and have attributes that may prove 
beneficial as the technology continues to evolve. This 
section details the various technologies and their relative 
strengths and weaknesses. 


Radiofrequency Ablation 


Radiofrequency ablation is the most widely applied 
and thoroughly studied of the ablation technologies. 
The potential for local tumor destruction by RF was first 
appreciated when McGahan et al published a paper 
detailing their work with in vivo porcine liver ablation 
using a rudimentary RF applicator based on the Bovie 
electrocautery system. Subsequently, there have been 
rapid improvements in the technology and it is now 
in widespread clinical use for the ablation of hepatic 
malignancies. 

In 1997, the first use of RF ablation was reported 
in the kidney followed by the first percutaneous renal 
tumor ablation in 1998 and during the last several years, 
multiple clinical series have been reported. These studies 
have established the safety and short-term efficacy of RF 
ablation for the treatment of renal tumors. In RF ablation, 
a high-frequency alternating current (approximately 450 
kHz) is applied to an electrode. Grounding pads are used 


to establish an electrical circuit through the body from the 
electrodes to the pads. The current agitates the tissue ions 
surrounding the electrode, thus creating molecular friction 
and heat. It is very important to apply the grounding pads 
correctly because severe skin burns can result from incorrect 
pad placement.™?"?? Also, because the active heating only 
occurs in the tissues directly adjacent to the electrode, these 
tissues can reach very high temperature. This is problematic 
because when tissue temperature reaches 100°C, tissue 
boiling, desiccation and charring can occur.’%* 

Each prong produces a discrete ablation zone and the 
conglomerate ablation can be quite large. An internally 
cooled electrode (cool-tip single and cluster electrodes, 
Valleylab, Boulder, Colorado) has a cooled perfusate that 
flows within an internal lumen during the ablation. Active 
cooling of the electrode and adjacent tissues decreases the 
high temperature encountered in close proximity to the RF 
probe and thus decreases tissue charring (Fig. 34.1).°” 

During the last several years, RF generators and 
their current-control algorithms have improved. 
Radiofrequency generators are capable of generating 
higher currents (up to 2.0 ampere) leading to larger zones 
of ablation. 

Methods of application: Radiofrequency ablation 
can be performed during conventional open surgery 
at laparoscopy or as an image-guided percutaneous 
technique. Small-gauge RF probes and the inherent 
cautery associated with heat-based ablation decreases the 
likelihood of significant postprocedure hemorrhage.” 
Due to these improvements, the indications have been 
rapidly expanding and will continue to do so. Tumors that 
were considered unapproachable by ablation several years 


Fig. 34.1: Radiofrequency probe 
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ago are now routinely treated in clinical practice. Also, as 
with many developing therapies, many of the patients 
included in clinical trials are poor candidates for traditional 
treatments and often have significant comorbidities. This 
may bias survival data to some extent. 

Overall, the treatment of small (< 3 cm) parenchymal 
tumors and frankly exophytic tumors has been very 
successful with minimal side effects and excellent 
local control. The ablation of larger (particularly > 5 
cm) or central tumors has been more difficult with a 
higher local recurrence and incomplete treatment rate. 
This led to at least one additional ablation session for 
approximately 25% of the central tumors. Results should 
continue to improve during the next several years as 
patient selection, RF technology and the experience of 
practitioner progress. 


Cryoablation 


Cryoablation is the antithesis of the heat-based ablation 
modalities. It is the application of cold temperatures to 
tissue resulting in irreversible cell damage and death. 
Cryoablation has been used for more than a century 
to ablate tumors in superficial structures, such as the 
skin, cervix and breast. More recently, its uses have been 
expanded to include the ablation of tumors involving 
deeper structures, including the prostate, liver and kidney 
(Fig. 34.2). Initially, cryoablation was applied exclusively 
at open conventional surgery, but as the probe size has 
decreased, there has been more interest in utilizing 
cryoablation percutaneously.***° 

The mechanism by which cryoablation produces cell 
death is a combination of extracellular and intracellular ice 


Fig. 34.2: Cryoablation of renal tumor 


crystal formation. Extracellularice crystal formation damages 
the cell by direct physical damage to the cellular membrane 
by the ice crystals and by creating an osmotic gradient 
between the extracellular and intracellular compartments. 
This osmotic gradient creates a fluid shift out of the cell 
resulting in dehydration and cell death. Intracellular ice 
crystal formation directly damages the cell membrane and 
intracellular proteins leading to cell death.*”** 

Vessels up to 3 mm can be completely frozen during 
cryoablation. Except for the small capillaries, these vessels 
often recanalize after thawing. As the recanalized vessel 
is often perfusing necrotic tissue, there is a higher risk of 
postprocedure hemorrhage associated with cryoablation. 
Vessels larger than 3 mm tend to be spared along with their 
perivascular tissues. The critical temperature required 
to accomplish complete necrosis of a given tissue is 
dependent upon the tissue type, but is typically between 
20°C and 50°C. This temperature is usually achieved within 
a millimeter or two of the edge of the iceball created during 
cryoablation. 


Methods of application: The use of cryoablation has 
been primarily intraoperative in the past. In this setting, 
the probes are placed under direct visual guidance, 
usually in combination with intraoperative US. As 
image-guided percutaneous cryoablation becomes more 
prevalent, several advantages over the heat-based ablation 
modalities have become apparent. 

For one, multiple cryoablation probes can be placed 
simultaneously at the beginning of the procedure. They 
can then be activated simultaneously creating a large 
conglomerate zone of freezing. This allows zones of 
ablation up to 12 cm in diameter, much larger than, which 
can be created with current heat-based ablation methods. 

Positioning all of the probes prior to the ablation also 
allows more precise placement because the targeted area 
is not obscured by the sequelae of previous ablations. Also, 
as the probes can be individually controlled and the iceball 
is easily identified with both US and CT, the shape and size 
of the ablation can be closely monitored and controlled. 
Overall, this can result in a very significant reduction in 
time procedure and improved control over the ablation 
zone, particularly when tumors are larger. 

Results of cryoablation has been used as an 
intraoperative technique for the treatment of RCC since 
late 1990s. Early results have shown a comparable local 
control and survival rate when compared with nephron- 
sparing surgical techniques. The safety profile may even 
be slightly more advantageous. The experience with 
percutaneous cryoablation of renal tumors is currently 
very limited with no large clinical trials. However, early 
case series and case studies results are promising.*°?” 
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High-Intensity Focused Ultrasound Ablation 


High-intensity focused ultrasound (HIFU) ablation uses 
highly focused and powerful US beams that converge on 
the target tissues. The US beams vibrate the tissues which 
then produce heat. A target temperature in excess of 50°C 
is possible to generate by this method (Fig. 34.3). 

Although, the energy is primarily focused on the 
target tissues, skin burns secondary to non-target energy 
deposition have been a problem experimentally. High- 
intensity focused US is theoretically a near-ideal ablation 
modality. It is completely noninvasive because it does 
not require placement of an applicator, allows concurrent 
imaging during an ablation and can ablate a precise tissue 
volume. If significant improvements are made, HIFU 
will become an appealing ablation modality because of 
its noninvasive nature. However, a reliable commercial 
product is not yet available.” 


Microwave Ablation 


Microwave ablation is a promising ablation technology 
that is used extensively in Asia, but has not yet been 
widely applied in the United States. To date, only a single 
company (Vivant Medical, Mountain View, California) has 
Food and Drug Administration approval for MW ablation. 
The MW ablation mechanism of cell death is identical to 
that of RF because heat is again utilized to denature and 


Fig. 34.3: High-intensity focused ultrasound is a treatment that 
gives off high frequency sound waves to heat and quickly destroy 
cancer tissue. Due to the significant amount of energy focused on 
the cancerous tissue, the temperature within the tissue rises to 
65-85°C and completely destroying cancerous cells 


destroy cells. However, the transfer of energy is different 
and there are several theoretical advantages over RF. 
Microwave ablation probes make use of electromagnetic 
waves (30-3000 MHz) that are identical to those used in 
a MW oven. These electromagnetic waves produce an 
electromagnetic field around the MW antenna and similar 
to RF, cause ion agitation and produce heat. As a result, 
temperatures approaching 150°C can be achieved.‘ 


Laser Ablation 


Lasers work under the same theory as the other heat- 
based ablation techniques. After placement of a laser fiber 
in the tumor to be ablated, the laser is activated and the 
tissue is heated to temperatures in excess of 50°C. The 
transfer of thermal energy is by photon energy transfer 
with conduction of heat away from the laser source.” 


COMPLICATIONS OF PERCUTANEOUS ABLATION 


Untoward effects encountered after a procedure are 
divided into side effects and complications. Side effects 
are defined as common undesired consequences of the 
procedure, which rarely result in substantial morbidity. 
Postablation pain is the most commonly encountered 
side effect. With the heat-based ablation modalities, the 
thermal damage to the renal capsule, abdominal wall 
and diaphragm can result in tremendous postablation 
pain. In the immediate postablation period, patient- 
controlled analgesia or oral narcotic analgesics may be 
necessary. Cryoablation is relatively well-tolerated with 
less significant discomfort after the ablation. 

Postablation syndrome is a frequently encountered 
side effect, described as fever, malaise and body aches, 
encountered in the immediate postablation period. This 
syndrome has been well-documented for liver ablation, 
but it is unclear how severe these problems can be after 
renal tumor ablation. 

Hemorrhage is usually reported as a minor 
complication, but could also be considered as a side effect 
because it is almost always self-limited and rarely results 
in significant morbidity. Major complications occur in less 
than 2% of the cases of reported image-guided renal tumor 
RF ablations, but there have been no reported deaths. 
Nephron-sparing surgery on the other hand is associated 
with a major complication in 14% of the cases and has 
1-2% mortality rate. 

One of the most common complications encountered 
with RF ablation is injury to the lumbar plexus, which is 
associated with a postprocedure syndrome, consist of pain, 
paresthesia and numbness in the flank and groin areas. 
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Ureteral injuries are of major concern because they can 
lead to stricture of the ureter and resulting urinary tract 
obstruction that threaten the function of the kidney. The 
placement of a ureteral stent prior to the ablation is being 
evaluated experimentally and theoretically may decrease 
the likelihood of ureteral stricture. 


FOLLOW-UP 


There is no consensus as to the frequency and timing of 
imaging after ablation, but an immediate postprocedure 
CT, followed by CT at 1, 3, 6 and 12 months is prescribed. If 
there is no evidence of recurrence at 12 months, follow-up 
is decreased to every 6 months. 

With most tumors, local recurrence usually occurs 
within 1 year. However, because of the slow growth rate, 
small RCC recurrences may take longer to manifest. 


CONCLUSION 


Ablation of renal tumors using image-guided ablation 
techniques is an exciting and promising field. Ablation 
techniques may eventually replace the more traditional 
surgical alternatives for the treatment of certain renal 
tumors and are already gaining clinical acceptance.“ 

Long-term clinical outcome studies comparing 
ablation techniques with partial/radical nephrectomy will 
be difficult to perform because the ablation systems and 
techniques are developing rapidly, and preliminary results 
are likely to become outdated very quickly. However, these 
studies are still needed and will contribute in determining 
the true role of image-guided ablation in the treatment of 
RCC. It is likely that over the next few years, routine use of 
percutaneous ablation for treating some renal tumors will 
become much more widely established. 
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The stem cells are characterized by the ability to renew 
themselves through mitotic cell division and differentiate 
into a diverse range of specialized cell types. Stem cell 
has the potential to regenerate tissue over a lifetime. A 
stem cell must be able to produce new blood cells and 
immune cells over a long term demonstrating potency. 
Conceptually, it should also be possible to isolate 
stem cells from the transplanted individual, which can 
themselves be transplanted into another individual 
without HSCs, demonstrating that the stem cells are 
capable of self-renewal. 

Mammalian stem cells are of two broad types, the 
embryonic cells that are isolated from the inner cell mass 
(ICM) of the blastocyst and the adult stem cells that are 
found in adult tissues (Fig. 35.1). In developing embryo, 
stem cells can differentiate into all of the specialized 
embryonic tissues. But in adult organisms, stem cells and 
progenitor cells act as a repair system for the body, not 
only replenishing specialized cells but also maintaining 
the normal turnover of regenerative organs, such as blood, 
skin or intestinal tissues. 

Currently, stem cells can be grown and transformed 
into specialized cells with characteristics consistent with 
cells of various tissues, such as muscles or nerves through 
cell culture. Adult stem cells from a variety of sources 
including the bone marrow and umbilical cord blood are 
routinely used in medical therapies. The embryonic cell 
lines and autologous embryonic stem (ES) cells generated 
through therapeutic cloning have also been proposed as 
promising candidates for future therapies.** 


EMBRYONIC STEM CELL LINES 


The ES cell lines are cultures of cells derived from the 
epiblast tissue of the ICM ofa blastocyst or earlier morula- 
stage embryos. The blastocyst is an early stage embryo, 
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approximately 4-5 days old in humans and consisting 
of 50-150 cells. The ES cells are pluripotent and give rise 
during development to all the derivatives of the three 
primary germ layers; ectoderm, endoderm and mesoderm 
as shown in Figure 35.2. They can develop into each of 
more than 200 cell types of the adult body when given 
sufficient and necessary stimulation for a specific cell type. 

Human ES cell (Figs 35.3A and B) is defined by the 
presence of several transcription factors and cell surface 
proteins. The transcription factors ensure the suppression 
of genes that lead to differentiation and maintenance of 
pluripotency. The first human trial was approved by the 
US Food and Drug Administration in January 2009. The 
ES cells being pluripotent cells require specific signals for 
correct differentiation, if injected directly into another 
body. ES cells will differentiate into many different 
types of cells causing a teratoma. Practical application 
of this information is to differentiate ES cells into usable 
cells while avoiding transplant rejection. Many centers 
currently have moratoria on either ES cell research or the 
production of new ES cell lines. Because of their combined 
abilities of unlimited expansion and pluripotency, ES cells 
remain a theoretically potential source for regenerative 
medicine and tissue replacement after injury or disease.** 


ADULT STEM CELLS 


Adult stem cell refers to any cell which is found in a 
developed organism that has two properties: the ability 
to divide and create another cell-like itself and also divide 
and create a cell more differentiated than itself. And they 
are also known as somatic stem cells and germline (giving 
rise to gametes) stem cells. 

Adult stem cell treatments have been successfully used 
for many years to treat leukemia and related bone/blood 
cancers through bone marrow transplants. Adult stem 
cells are also used in veterinary medicine to treat tendon 
and ligament injuries in horses. 
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Fig. 35.1: Mammalian stem cells 


Excellent source for adult mesenchymal stem cells is 
the developing tooth bud of the mandibular third molar 
and they may prove to be pluripotent. Stem cells eventually 
form enamel (ectoderm), dentin, periodontal ligament, 
blood vessels, dental pulp, nervous tissues, including a 
minimum of 29 different unique end organs. At 8-10 years 
of age, this tissue will probably constitute a major source 
for personal banking, research and multiple therapies. 
These stem cells have been shown capable of producing 
hepatocytes.”* 


AMNIOTIC STEM CELLS 


Stem cells are also found in amniotic fluid and they are 
very active, expand extensively without feeders and are not 
tumorigenic. Amniotic stem cells are multipotent and can 
differentiate in cells of adipogenic, osteogenic, myogenic, 
endothelial, hepatic and also neuronal lines. 


On the standpoint of ethics, stem cells from amniotic 
fluid can solve a lot of problems because it is possible to 
catch amniotic stem cells without destroying embryos 
and as such called amniotic stem cell “the future of 
medicine.’** 


INDUCED PLURIPOTENT STEM CELLS 


The induced pluripotent stem cells (IPSCs) are a type 
of pluripotent stem cell artificially derived from a 
nonpluripotent cell, typically an adult somatic cell, by 
inducing a “forced” expression of certain genes. 

The IPSCs are believed to be identical to natural 
pluripotent stem cells, such as ES cell in many respects. 
The IPSCs were first produced in 2006 from mouse cells 
and in 2007 from human cells. This is an important 
advance in stem cell research, as it may allow researchers 
to obtain pluripotent stem cells without the controversial 
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Figs 35.3A and B: Human embryonic stem cells (A) Cell colonies that are not yet differentiated; (B) Nerve cell 
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use of embryos and they may also be less prone to immune 
rejection than ES cells because of the fact that they are 
derived entirely from the patient.'* 


PRACTICAL APPLICATIONS OF 
STEM CELL RESEARCH 


Many diseases and conditions are known where stem 
cell treatment is promising or emerging as a therapeutic 
modality. The bone marrow transplantation as of 2009 
is the only established use of stem cells. In future, wider 
variety of diseases including cancer and Parkinson’s 
disease, spinal cord injuries, etc. may be treated with 
stem cell therapy. The possible risk is that transplanted 
stem cells could form tumors and have the possibility 
of becoming cancerous if cell division went out of 
control." 

The techniques to regenerate bladder tissue have 
reached the clinic, and exciting progress is being made 
in other areas, such as regeneration of the kidney and 
urethra. The cell therapy as a treatment for incontinence 
and infertility might soon become a reality. The physicians 
should be optimistic that regenerative medicine and tissue 


engineering will 1 day provide mainstream treatment 
options for urologic disorders.*° 
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The telemedicine generally refers to the use of 
communications and information technologies for the 
delivery of clinical care. The telemedicine may be as 
simple as two health professionals discussing a case over 
the telephone, or as complex as using satellite technology 
and videoconferencing equipment to conduct a real-time 
consultation between medical specialists in two different 
countries. The application of clinical telemedicine has 
become a popular technology for advanced medical 
centers where medical information is transferred 
through interactive audiovisual media for the purpose of 
consulting and sometimes remote medical procedures or 
examinations.!” 

Medical specialties that use the modern communication 
system often use a “tele” prefix, for example, telemedicine as 
applied by radiologists is called teleurology, teleradiology, 
etc. This telecommunication service is also useful as a 
communication tool between a general practitioner and a 
specialist available at a remote location. 


HISTORY OF TELEMEDICINE 


Before the era of telecommunication, the clinical care at a 
distance was often conducted via post. It has been traced 
that the primitive African villagers used smoke signals to 
warn the people to stay away from the village in case of 
serious disease. People living in remote areas in Australia 
used two-way radios, powered by a dynamo driven by a 
set of bicycle pedals, to communicate with the Royal flying 
services of Australia in the early 1900s. 

Telemedicine may be beneficial for population living 
in isolated communities and remote places. The initial 
interactive telemedicine system was based on standard 
telephone lines and was marketed by Medphone 
Corporation in 1989, which was replaced by a mobile 
cellular version, the MD phone. 


Telemedicine in Urology 


Twelve hospitals in the US served as receiving and 
treatment centers.’ First, Ayurvedic telemedicine center was 
established in India in the year 2007 by Protap Chauhan. 

In primary remote diagnostic specialist visit, a doctor 
uses special devices to remotely examine and treat a 
patient and it holds a big promise to solve the major health 
care delivery problems in developing countries in Asia and 
Africa (Fig. 36.1).*° 


TYPES OF TELEMEDICINE 


The telemedicine can be classified into three main categories: 
1. Store and forward 

2. Remote monitoring 

3. Interactive services. 


Store and Forward 


It means storing and forwarding of medical images and 
bio- signals to a doctor or medical specialist at a convenient 
time for assessment and analysis at off time and off mode. 
It may not be mandatory to have the presence of both 
parties at the same time. Urology, internal medicine, 
pathology, etc. are common specialties that are using 
telemedicine with success. The real difference between 
the real time consultation of patient with a specialist and 
virtual meeting in telemedicine encounters is the lack or 
omission of an actual physical examination and history. 
The weakness of telemedicine is that the clinician has to 
rely on history report and audio/video information in lieu 
of a physical examination. 


Monitoring of Patients from Distance 


Distant monitoring through telemedicine allows medical 
professionals to monitor a patient, remotely using various 
technological devices and is primarily used for managing 
chronic diseases or specific conditions, such as prostatic 
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disease, genitourinary cancer, heart disease, diabetes 
mellitus or asthma. It may provide comparable health 
outcomes to traditional in-person patient encounters, supply 
greater satisfaction to patients and may be cost effective 
particularly when the patients stays at a remote place. 


Interactive Telemedicine Services 


Real-time interaction between the patient and the 
specialist may be provided by the interactive telemedicine 
services. This may include phone conversations, online 
communication and home visits. It may also be possible 
to services, such as history review, physical examination, 
psychiatric evaluations and ophthalmology assessments 
can be conducted comparably to those done in traditional 
face to face visits. 


Telecardiology 


In Gwalior, India, the oldest known telecardiology system 
[teletransmission of electrocardiography (ECG)] was 
established at GR medical college. This telecommunication 
was possible by using normal telephone line. The ECG output 
was connected to the telephone input using a modulator, 
which converted ECG into high frequency sound. The ECG 


was converted to sound waves with a frequency varying 
from 500-2,500 Hz with 1,500 Hz at baseline. On the other 
end, a demodulator reconverted the sound into ECG with 
good accuracy. Very soon this technique helped medical 
aid reach in remote areas.” Electronic stethoscope has been 
developed which can be used as recording devices, which is 
helpful for purposes of telecardiology. 


Teleradiology 


The teleradiology is the ability to send radiographic images 
[X-rays, computed tomography (CT), magnetic resonance, 
positron emission tomography/CT, single positron emission 
tomography/CT, mammograms and ultrasound] from one 
location to another. The essential components are: 

e Animage sending station 

e A transmission network and 

e Areceiving/image review station. 

Almost all telecommunication services in medical 
services is implemented through two computers 
connected via internet. The computer at the receiving 
end will need to have a high-quality display screen that 
has been tested and cleared for clinical purposes. The 
receiving computer will have a printer so that images can 
be printed for convenience. 
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Fig. 36.2: Trying out laparoscopic and robotic telesurgery at 
Stanford Research International, Telesurgery and Telerobotics CA, 
US during ISU SSP09 with Professor Gilles Clement and Dr Jeff Jones. 
Robotic surgery will be crucial for future exploration missions in 
Telemedicine (Source: A. Pollinger Medical R & D, July 2009) 


The radiological images can be transferred to the 
specialist through a modem or other connections. 
The images are scanned and then sent via the network 
connection to the receiving computer. A standard personal 
computer (PC) and digital subscriber line connection is 
enough to reach keosys central server and no particular 
software is necessary on the PC and the images can be 
reached from any part of the world. 


Teleurology 


In April, 2002, Computer Motion Socrates system 
introduced teleurology between Virginia and Berlin. 


Interventional treatment of a 66-year-old man in Berlin 
with prostate cancer was conducted from US without 
complications treated through teleurology (Fig. 36.2).*° 


CONCLUSION 


The telemedicine is the answer to the question of solving 
the problem of inaccessibility to the healthcare facilities. 
Proper implementation can serve multiple purposes 
along with the basic or specialized healthcare services. 
Current advances in the field of information technology 
has improved the quality of the telemedicine services 
and also reduced the related costs to a great extent. 
Concerns about safety of patient or becoming completely 
dependent on such services are being raised in relation to 
telemedicine. Judicious use of this health technology can 
save alot more lives than before and reduce the healthcare 
costs to a great extent. 
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The exciting potential of tissue engineering remains a 
priority in urology. The need for donor tissues for treating 
the diseases of urogenital tract remains a challenge and 
created a boost of technological advances in its field. 
It is a multidisciplinary approach geared towards the 
development of biological substitutes designed to restore 
and maintain normal function in diseased or injured 
tissues of urogenital tract. Scientists and clinicians have 
devoted significant resources towards the regeneration 
of tissues specific to this discipline. But despite of some 
progress in the published literature, these efforts have not 
yet translated into widespread clinical applicability. ™* 

Nonbiodegradable materials, such as silicone, rubber, 
polytetrafluoroethylene and polypropylene, were initially 
used to replace bladder and ureter but these grafts were 
quickly encrusted, prone to infection and subject to host- 
foreign body reactions. These unsuccessful outcomes 
related to these work led to the development of grafts 
that were biodegradable, minimally immunogenic and 
demonstrated the ingrowth of native cells necessary for 
successful tissue regeneration (Fig. 37.1)."° 

Tissues like mentum, peritoneum, placenta, pericardium 
and dura have served as alternatives for the bladder wall. The 
dura mater, sin, fascia lata, etc. was used as a replacement 
for the tunica albuginea in Peyronie’s disease and for 
urethral suspension in the management of stress urinary 
incontinence but the results were inconsistent. 


PRINCIPLES OF TISSUE ENGINEERING 


The scaffolds are framework on which the cultured cell grows 
to form a tissue or organ and may be composed of either 
naturally derived materials, such as collagen or alginate, 
acellular tissue matrices or synthetically derived polymers. 
There are two methods for tissue engineering. The first 
method may be described as unseeded technology.° This 
method uses either a natural biological or synthetically 
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Fig. 37.1: Tissue engineered vascular graft 


derived scaffold that encourages the regenerative process 
by serving as a template for the in growth of native cells. 

The second method is “seeding technology” which 
involves the appropriate scaffold with cultured cells prior 
to implantation into the host (Fig. 37.2). 


Unseeded Technology 


The small intestinal mucosa is a thin (0.1 mm thick) 
translucent membrane composed of the submucosal layer 
of the intestinal wall obtained after extensive mechanical 
manipulation of a pig’s small intestine as it is biologically 
active and does not induce a significant immune response. 
As such, the small intestinal submucosa is a viable option 
for tissue regeneration in an unseeded technique.” 


Seeded Technology 


In seeded technology, tissue engineering involves 
seeding of the cultured cells that are first established in 
primary culture and they are seeded onto either a natural 
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Organ is 
repaired 


Damaged 
organ 


Tissue is grown 


Engineering an organ 


Fig. 37.2: Principle of tissue engineering using seeding technology 


or synthetically derived scaffold prior to implantation. 
The scaffold or the framework design plays a critical 
role in the success of an engineered construct and 
serves as the foundation for directed efforts to achieve 
neovascularization and implementation of novel seeded 
cell types. Synthetic scaffolds like poly-[alpha]-esters, such 
as poly-L-lactide (PLLA), polyglycolic acid and polylactide- 
co-glycolic acid, are commonly used biodegradable 
synthetic polymers which demonstrate excellent cell and 
tissue compatibility. 

The growth factors have been shown to have a marked 
influence over induction of cell differentiation and 
phenotype expression. Vascular endothelial growth factor 
(VEGF), platelet-derived growth factor, basic fibroblast 
growth factor (bFGF), transforming growth factor and 
heparin-binding epidermal growth factor may play arole in 
the regeneration of tissue within scaffolds and restoration 
of specialized function, in part through the regulation of 
vessel density, size and distribution. 


Neovascularization 


Survival of implanted tissue is dependent on developing 
adequate vascularization and as such, all efforts are paid 
for the promotion of neovascularization as it is closely tied 
to scaffold design. If both bFGF and VEGF are integrated 
into a synthetically derived scaffold, local angiogenesis 
has been observed. 


APPLICATION OF STEM CELLS 


The stem cells are undifferentiated and characterized by 
their ability to undergo both selfrenewal and differentiation 
(Fig. 37.3). They are classified according to their potency, 
where the hierarchic order ranges from totipotency to 
pluripotency and multipotency. The unipotent cells 
differentiate into only one cell type and exhibit little or no 
capacity for self renewal.° 

Use of stem cells in all disciplines of regenerative 
medicine has been heavily investigated (Fig. 37.4). The 
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Fig. 37.3: A single stem cell 


bone marrow is a vast resource for tissue. Bone marrow- 
derived stromal cells have shown the ability to differentiate 
into bone, fat, cartilage, muscle, as well as neural cells. 

The mesenchymal stem cells (MSCs) have been used 
in the augmentation of a rat bladder. Here, the small 
intestinal submucosa was seeded with MSCs derived 
from rat bone marrow prior to augmenting the rat bladder 
after partial cystectomy. Histology showed a trilayered 
cellular morphology at 3 months with smooth muscle 
and urothelial cells. It is now clear that the use of 
biocompatible scaffolds in combination with autologous 
stem cells for regenerative purposes in urology is gaining 
momentum (Figs 37.5A and B). 


UROLOGICAL APPLICATIONS OF 
TISSUE ENGINEERING 


The current technology of tissue engineering has made 
significant progress towards clinical application in the 
management of urological disease."® 


Urethra 


The urethral reconstructive surgery may need a well- 
vascularized autologous donor tissue. If the viable tissue 
is not available, tissue engineering has the potential to 
provide tissue substitutes. The small intestinal submucosa 
has been used in the management of anterior urethral 
stricture disease with results comparable to buccal mucosa 
grafts."’"* In one study, the engineered graft was placed in 
an onlay fashion to the urethral plate in 28 patients. At a 
mean follow-up of 37 months, a successful outcome was 
observed in 24 patients." 
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Figs 37.5A and B: Bioengineered urinary bladder by using a scaffold 


Corporal Body 


Tissue engineering technology have provided alternatives 
for the management of penile structural disorders. Small 
intestinal sub mucosa grafts have also been used in the 
management of Peyronie’s disease following plaque 
incision in adults. 1°” 


GENERATION OF HISTOCOMPATIBLE TISSUES 
USING NUCLEAR TRANSPLANTATION 

Therapeutic cloning or nuclear transplantation could 
theoretically provide a limitless source of cells for 
regenerative therapy. Bioengineered tissues from cardiac, 


skeletal muscle and renal cells cloned from adult bovine 
fibroblasts have been developed. Ability to generate 
histocompatible cells using cloning techniques addresses 
one of the major challenges in transplantation medicine. 


CONCLUSION 


There has been a significant progress in the field of tissue 
engineering. But, despite the advances in this technique 
and methodology, widespread clinical applicability 
remains elusive. Continued development and additional 
innovation will play an increasing role in the management 
of a spectrum of urological disease. 


275 


276 


Section 6 General Urology 


REFERENCES 


10. 


. Swinney JT, Walden DN. Urinary tract substitution. Br J Urol. 


1961;33:414-27. 

Gorham S, McCafferty I, Baraza R, et al. Preliminary 
development of a collagen membrane for use in urological 
surgery. Urol Res. 1984;12:295-9. 

Kambic H, Kay R, Chen JF, et al. Biodegradable pericardial 
implants for bladder augmentation: a 2.5-year study in dogs. 
J Urol. 1992;148:539-43. 

Kropp BP, Eppley BL, Prevel CD, et al. Experimental 
assessment of small intestinal submucosa as a bladder wall 
substitute. Urology. 1995;46:396-400. 

Wood D, Southgate J. Current status of tissue engineering in 
urology. Curr Opin Urol. 2008;18:564-9. 

Atala A. Technology insight: applications 
engineering and biological substitutes in urology. Nat Clin 
Pract Urol. 2005;2:143-9. 

Kropp BP, Sawyer BD, Shannon HE, et al. Characterization 
of small intestinal submucosa regenerated canine detrusor: 
assessment of reinnervation, in vitro compliance and 
contractility. J Urol. 1996;156:599-607. 

Probst M, Dahiya R, Carrier S, et al. Reproduction of 
functional smooth muscle tissue and partial bladder 
replacement. Br J Urol. 1997;79:505-15. 

Yoo JJ, Meng J, Oberpenning F, et al. Bladder augmentation 
using allogenic bladder submucosa seeded with cells. 
Urology. 1998;51:221-5. 

Atala A, Bauer SB, Soker S, et al. Tissue-engineered 
autologous bladders for patients needing cystoplasty. 
Lancet. 2006;367:1241-6. 


of tissue 


Ii. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


20. 


21. 


Harrington DA, Sharma AK, Erickson BA, et al. Bladder 
tissue engineering through nanotechnology. World J Urol. 
2008;26:315-22. 

Becker C, Jakse G. Stem cells for regeneration of urological 
structures. Eur Urol. 2007;51:1217-28. 

Beqaj SH, Donovan JL, Liu DB, et al. Role of basic fibroblast 
growth factor in the neuropathic bladder phenotype. J Urol. 
2005;174:1699-703. 

Blau HM, Brazelton TR, Weimann JM. The evolving concept 
of a stem cell: entity or function? Cell. 2001;105:829-41. 
Chung SY, Krivorov NP, Rausei V, et al. Bladder 
reconstitution with bone marrow derived stem cells seeded 
on small intestinal submucosa improves morphological and 
molecular composition. J Urol. 2005;174:353-9. 

Yamzon J, Perin L, Koh Cj. Current status of tissue 
engineering in pediatric urology. Curr Opin Urol. 
2008;18:404-7. 

Fiala R, Vidlar A, Vrtal R, et al. Porcine small intestinal 
submucosa graft for repair of anterior urethral strictures. Eur 
Urol. 2007;51:1702-8. 

Albers P. Tissue engineering and reconstructive surgery in 
urology. Eur Urol. 2007;52:1579. 

Kropp BP, Cheng EY, Pope JCT, et al. Use of small intestinal 
submucosa for corporal body grafting in cases of severe 
penile curvature. J Urol. 2002;168:1742-5. 

Leslie JA, Cain MP, Kaefer M, et al. Corporeal grafting for 
severe hypospadias: a single institution experience with 3 
techniques. J Urol. 2008;180 Suppl 4:1749-52. 

Knoll LD. Use of small intestinal submucosa graft for 
the surgical management of Peyronie’s disease. J Urol. 
2007;178:2474-8. 


Chapter 


38 


PRELUDE 


MA Salam, Nitin S Kekre 


The operating theater (OT), operating room (OR) or a 
surgery suite is a room within a hospital within which 
surgical and other operations are carried out (Fig. 38.1). The 
OT were so named because during the developing phase of 
surgery, in the United Kingdom they traditionally consisted 
of semicircular amphitheaters to allow students to observe 
the medical procedures. The establishment and working of 
the OT needs specialized planning and execution, as it is 
not a simple civil engineering work. A “civil-mechanical- 
electrical-electronic-biomedical” combo effort driven 
and coordinated by the needs, preferences and safety of 
the medical/surgical team forms the basis for starting and 
maintaining an OT. 


Fig. 38.1: Primitive operating theater 
Source: New Zealand-born plastic surgeon Harold Gillies and 
unnamed members of his team in their new operating theater, 
Queen Mary's Hospital, Sidcup, 1917. Reproduced with permission, 
Dr Andrew Bamji, curator, Gillies Archives, Queen Mary's Hospital, 
Sidcup, Kent DA14 6LT 


Ideal Operating 
Theater Complex 


The OT complexes are designed and built to carry 
out investigative, diagnostic, therapeutic and palliative 
procedures of varying degrees of invasiveness. The OR 
setups are customized to the requirements based on size 
of hospital, patient turnover and may be specialty specific. 
Objective of the planning and construction of operating 
theater are to provide the maximum benefit for maximum 
number of patients. 


STATUTORY REGULATIONS FOR OPERATING 
THEATER COMPLEX 


Statutory regulations apply to the designing and 
construction of OT complex and will need compliance with 
mandatory regulations related to local administration, 
such as municipal corporation, government, pollution 
control board, fire safety department, water supply and 
drainage department, etc. 


DIFFERENT ZONES OF OPERATION 
THEATER COMPLEX 


While designing the OT, the location, the flow of the 
patients, the staff and the materials forming the three broad 
groups should be considered during all stages of design.“ 
Normally, four zones can be described in an OT 
complex based on varying degrees of cleanliness in 
which the bacteriological count progressively diminishes 
from the outer to the inner zones (operating area) and is 
maintained by a differential decreasing positive pressure 
ventilation gradient from the inner zone to the outer zone. 


Protective Zone 


It may include: 

e ‘The changing rooms for all medical and paramedical 
staff with conveniences 

e Transfer bay for patient, material and equipment 

e Rooms for administrative staff 
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e Stores and records 

e Pre and postoperative rooms 

e Intensive care units (ICU) and postanesthetic care unit 
e Sterile stores. 


Clean Zone 


This zone connects protective zone to aseptic zone and has 
other areas also like the following: 

e Stores and cleaner room 

e Equipment store room 

e Maintenance workshop 

e Kitchenette (pantry) 

e Firefighting device room 

e Emergency exits 

e Service room for staff 

e Close circuit TV control area. 


Aseptic Zone 


It includes operation rooms (sterile). 


Disposal Zone 


It includes disposal areas from each OR and corridor leads 
to disposal zone. 


SUB AREAS 


Preoperative Check in Area or Reception 


This station may be located in the entry of the OT complex. 
There may be a station for information, changing room, 
lockers and lavatories for staffs. 


Holding Area 


Holding zone is planned for intravenous line insertion, 
preparation, catheter/gastric tube insertion, connection 
of monitors and should also have O, and suction lines. 
Facility for cardiopulmonary resuscitation should be 
available in this area. 


Induction Room (Anesthetic Room) 


Induction room may have all the facilities as in OT but there 
is controversy as to its need.’ Induction room or anesthetic 
room will provide a more tranquil atmosphere to the 
patient than the OT. There should be space for anesthetic 


trolleys and equipment and should be located with direct 
access to circulation corridors and ready access to the OR. 
This should contain work benches and sinks. It should 
have sufficient power outlets and medical gas panels. 


Postanesthetic Care Unit 


Postanesthetic care unit may be located preferably 
adjacent to recovery room. It may have a medication 
station, hand washing station, nurse station, storage space 
for stretchers, supplies and monitors/equipment and gas, 
suction outlets and ventilator. A floor space of 80 square 
feet (7.43 sq m) for each patient bed, clearance of 5 feet 
(1.5 m) between beds and 4 feet (1.22 m) between patient 
bedsides and adjacent walls should be planned. 


Staff Room 


Facilities for men and women changing room, lockers and 
lavatory are essential; rest room, TV, etc. are desirable. 


Sanitary Facility for Staff 


Wash basin and one western closet should be provided for 
8-10 people. Showers and their number is a matter of local 
decision. Inclusion of toilet facilities in changing rooms is 
not acceptable; they should be located in an adjacent space. 


Anesthesia Gas/Cylinder Manifold 
Room/Storage Area 


For the purpose, a definite area has to be designated which 
is cool, clean and is constructed of fire resistant materials. 
Plenty ventilation should be there to allow leaking gases to 
escape, safety labels and separate places for empty and full 
cylinders need to be allocated. 


Offices for Staff Nurse and Anesthesia Staff 


The offices should be located in a place to allow access to 
both unrestricted and semirestricted areas, as frequent 
communication with public and main OT is needed. 


Sitting Room for Staffs 


A pleasant and quiet rest room for staff should be arranged 
either as one large room for all grades of staff or as 
separate rooms; both have merits. Comfortable chairs, TV, 
computer with internet facilities, one writing table, a book 
case, etc. may be arranged.‘ 
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Seminar Room 


A seminar room within the OT complex will provide 
ample opportunities to conduct live demonstration and 
interactive discussion between the surgeons and the 
participants. The intradepartmental discussions, teaching 
and training sessions for staff (with audiovisual aids) may 
also be conducted here. 


Store Room 


Store room is to be designed to store large but less 
frequently used equipment in the OT. There should be 
storage space for special equipment after cleaning. 


Theater Sterile Supply Unit 


Following are desirable within this area: 

e Temperature between 18°C and 22°C, humidity of 
40-50% is the aim 

e Air conditioned with 10-12 air exchanges per hour 

e Storage of sterile drapes, sponges, gloves, gowns and 
other items ready to use 

e Option to store in from one side and remove from 
other side 

e Proper inventory to prevent running out of stock. 


Scrub Room 


Scrub room is planned to be built within the restricted 
area. Elbow operated or infrared sensor operated taps/ 
water source is ideal. It is essential to have non slippery 
flooring in this area. The water supply may have filtration 
system with ultraviolet sterilization. 


TYPES OF OPERATING THEATER COMPLEX 


Three main categories of OT exist: 

1. Type 1: Single theater suite with OT, scrub-up and 
gowning, anesthesia room, trolley preparation, utility 
and exit bay plus staff change and limited ancillary 
accommodation. 

2. Type 2: Twin theater suite with facilities similar to 
one, but with duplicated ancillary accommodation 
immediate to each OT, sometimes sharing a small 
postanesthesia recovery area. 

3. Type 3: OT complexes of three or more OTs with 
ancillary accommodation include postanesthesia 
recovery, reception, porter’s desk, sterile store and staff 
change. 


PRINCIPLES TO BE TAKEN INTO CONSIDERATION 
WHILE PLANNING AN OPERATING THEATER 
(PHYSICAL/ARCHITECTURE) 


Location 


Maximum advantage of natural light and ventilation as 
appropriate should be utilized. Theater complex should 
be separated from general “traffic” and air movement 
of rest of the hospital. Operating theater, surgical wards, 
ICU, accident and emergency department, radiological 
department (X-ray) should be closely related. 

Access is also required for sterilizing and disinfecting 
unit, and laboratory facilities. Location of the operation 
complex in a multistorey building is planned on the first 
floor connecting to surgical and other wards on the same 
floor. Appropriate space should be allotted as per utility 
of the area; provision for emergency exit, provision for 
ventilation and temperature control, need for laminar flow, 
high efficiency particulate air (HEPA) filter air conditioner, 
etc. should be kept in mind. 


Operation Rooms 


Number and size can be as per the requirement but 
recommended size is 6.5 m x 6.5 m x 3.5 m. Large glass 
windows can be planned on one side only (Fig. 38.2). 


Doors 


The main door to the OT complex has to be of adequate 
width (1.2-1.5 m). The doors of each OT should be spring 
loaded flap type and sliding doors are preferred as no air 
currents are generated. 


Fig. 38.2: Modern operation theater 
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Surface or the floor of the OR must be slip resistant, 
anti static, strong and impervious with minimum joints. 
Recommended minimum conductivity is 1 milliohm and 
maximum 10 milliohms. 


Walls 


The laminated polyester or smooth paint provides seamless 
wall; tiles can break and epoxy paint can chip out. The 
collusion corners to be covered with steel or aluminum 
plates, color of paint should allow reflection of light and 
yet soothing to eyes. Semi-matt wall surface reflects less 
light than a highly gloss finish and is less tiring to the eyes 
of OT team. 


The Operation Table 


Only one operation table is required per OT. 


Electric Point 


Electric points should be present on the wall (at < 1.5 m 
height from the floor). 


X-ray Illuminators 


X-ray film illuminators are preferably recessed into 
the wall. 


Scrub Area 


It may be planned for at least for 2-3 persons in each OT. 
A preparation room in clean zone will be required. The 
corridors should not be less than 2.85 m of width for easy 
movement of men, stretcher and machines. It is important 
to create separate corridors for uses other than going 
into OT. 

The gas and suction (control, supply and emergency 
stock) must be central and should be provided for all 
OTs and areas where patients are retained. The provision 
for adequate and continuous water supply should be 
provided. In addition to the normal supply of available 
water at the rate of 400 liters per bed per day, a separate 
reserve emergency over head tank should be provided 
for OT. Automated optical or elbow taps have to be 10 cm 
above wash basins. 

Figure 38.3 shows the operating theater on board 
the “ORBIS” DC-10. The ORBIS is a nonprofit global 
humanitarian organization which acquired its first 
aircraft, a Douglas DC-8-21 donated by United Airlines. 
With 23 months of conversion work, the aircraft had been 


Fig. 38.3: The operating theater on board the “ORBIS” DC-10 


turned into a fully equipped eye hospital and teaching 
center. 


Proper Drainage System 


Preoperative area with reception with separate designated 
area for pediatric patients is desirable. Adequate 
illumination with shadowless lamps of 70,000-120,000 
Lumens intensity for assessing patient color and tissue 
visibility is required. The safety in working place is essential 
and fire extinguishers have to be planned in appropriate 
zone. Provision for expansion of the OT complex should be 
borne in mind during planning stages itself. 


Ventilation 


Ventilation should be on the principle that the direction 
of air flow is from the OT towards the main entrance. 
There should be no interchange air movement between 
one OT and another. Efficient ventilation will control 
temperature and humidity in OT, dilute the contamination 
by microorganisms and anesthetic agents. 

There are two types of air conditioning systems: 
recirculating and nonrecirculating systems. 

Nonrecirculating systems heat or cool the air as desired 
and convey it into the OR with ideally 20 air exchange per 
hour. Air is then exhausted outside. Anesthetic agents in 
the OT air are also automatically removed. These are thus 
ideal but are expensive. 

The circulating system takes some or all of the air, 
adjusts the temperature and circulates air back to the room. 

The broad recommendations include: 
e Twenty to thirty air exchanges takes place per hour for 

recirculated air. 
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e Onlyup to 80% recirculation of air is required to prevent 
building up of anesthetic and other gases. 

e Ultraclean laminar air flow: The filtered air delivery must 
be 90% efficient in removing particles more than 0.5 mm. 

e Positive air pressure system in OT: It should ensure 
a positive pressure of 5 cm H,O from ceiling of OT 
downwards and outwards to push out air from OT. 

e Relative humidity of 40-60% has to be maintained 

e Temperature between 20°C and 24°C: Temperature 
should not be adjusted for the comfort of OT personnel 
but for the requirement of patient, especially in 
pediatric, geriatric, burns, neonatal cases, etc. 


Pendant Services (Fig. 38.4) 


Two ceiling pendants for pipeline services should be 
designed; one for surgical team and one for anesthetist. 
Anesthetic pendant should be retractable and have limited 
lateral movement and provide a shelf for monitoring 
equipment. It should have oxygen, nitrous oxide, four 
bar pressure medical compressed air, medical vacuum, 
scavenging terminal outlets and at least four electric sockets. 


Piped Gases in the Operating Theater 


Following points should be kept in mind: 

e Automatic/semiautomatic fail safe manifold room to 
be designed. 

e Two outlets for O, and suction and one for N,O are a 
minimum in each OT. 

e Pipeline supply system should be able to cut off from 
mainline if the problem occurs anywhere along the 
delivery hosing or tubing. 


Fig. 38.4: Wall-mounted equipment allowing cleaning of 
operating theater 


Scavenging 


The method of scavenging should be decided during 
planning stage of OT. US and international standards are 
available for scavenging but it is ideal to plan the type 
of system (active/passive) and number and location of 
scavenging outlets beforehand. 


Electrical Layout 


All electrical equipment in the OT need proper grounding. 
In the past, isolated power systems were preferred when 
explosive agents were being used. They have the advantage 
of a transformer using grounded electricity and there is no 
risk to the patient or machines if a machine gets faulty. 

The grounded systems as used at homes offer 
protection from macro shock but devices may loose power 
without warning. Life support systems, if in use could be 
disturbed. 

Following criteria are ideal with respect to electricity in 

OT complex: 

e Use of circuit breakers/interrupters is desirable if there 
is an overload or ground fault. 

e Power line of 220 volts is required. 

e Suspended ceiling outlets should have locking plugs to 
avoid accidental disconnection. 

e Insulation around ceiling electrical power sources 
should withstand frequent bendings and flexings. They 
should not develop cracks and should not damage the 
wires. Wires inside rigid or retractable ceiling service 
column can help to some extent. 

e The wall outlets must be installed 1.5 m above ground. 

e Explosion proof plugs are desirable. 

e Provision of multiple outlets from different electrical 
line sources should be available. 

e Accurate electrical load calculation should be based on 
equipment likely to be used and appropriate current 
carrying capacity cords to be used. 

e Provision ofemergency power: Operating theater electrical 
networks need to be connected to the emergency 
generators with automatic two way changeover facility. 


Lightening 


Some natural daylight is preferred by the staff. Wherever 
possible, wide windows which give a visual appreciation of 
the “outside world” can be considered in the OT. 


General Lighting 


Provision of color corrected fluorescent lamps (recessed 
or surface ceiling mounted) to produce even illumination 
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of at least 500 Lux at working height, with minimal glares 
are preferred. Regulator of light for diming the light may 
be needed during endoscopies. ‘The ratio of intensity of 
general room lighting to that at the surgical site should not 
exceed 1:3-1:5, preferably 1:3, and this contrast should be 
maintained in corridors and scrub areas, as well as in the 
room itself, so that the surgeon becomes accustomed to 
the light before entering the sterile field. The color and hue 
of the lights also should be consistent. 

e About 2,000 Lux light is needed to assess the patient’s 
color. 

e White and glistening/shiny body tissues need less light 
than dark and dull tissues. 

e Operating area: Overhead light should be shadowless 
and give 25,000-125,000 Lux of light (50,000-100,000 
Lux at the center and at least 15,000 Lux at the 
periphery). 

e About 10-12 inch of focus of light gives adequate 
illumination both at depth, as well as surface of body. 

e Lights should be freely movable both in horizontal 
and vertical ranges. Pendant systems are preferred. 
Operating theater light should produce blue-white 
color of daylight at spectral energy range of 50,000 
Kelvin (35,000-67,000 Kelvin is acceptable). 

e Halogen lights produce less heat and hence preferred. 
Operating theater light should not produce more 
than 25,000 mw/cm? of radiant energy. Elimination 
of heat by dichroic reflectors (cold mirrors) with heat 
absorbing reflectors or filters should be available along 
with the luminaire. 

e An auxiliary light for a second surgical site is often 
beneficial. 

e UPS of adequate capacity to be installed after 
considering OT light, anesthesia machine, monitors, 
cautery, etc. until the backup generator takes over. 

e In endoscopic OTs, a reduced lighting is sometimes 
recommended. A grazing light over the floor can be 
helpful. 


Anesthesia Equipment and Monitoring Needs 


Anesthesiologist should be in the team involved in 
planning an OT and certain mandatory considerations 
with respect to the anesthetic equipment and monitors 
must be planned during the planning and designing 
stage itself. 


Communication 


Telephones, intercom and code warning signals are 
desirable inside the OT. One phone per OT and one 


exclusively for the use of anesthesia personnel is desirable. 
Intercom to connect to control desk, pathology and other 
OTs, as well as use of paging receivers (bleeps), is also ideal. 
A code signal when activated, signals an emergency state, 
such as cardiac arrest or need for immediate assistance.° 


Catering 


Basic services, such as preparation of beverages and some 
snacks, useofvendingmachinesmaybeplanned, augmented 
by provision of hot and cold meals from main hospital 
kitchen. 


Cleaning 


The construction materials selected for the OT complex 
should aim to minimize maintenance and cleaning costs. 


Data Management 


The customized networkconnections shouldbe putin place 
or a conduit should be planned. Well-designed system 
can provide automated records, materials management, 
quality improvement and assessment, laboratory tracking, 
etc. Software for OT management is costly and hospitals 
are generally slow to adapt to changes. The customized OT 
software can be designed for individual needs. 


Operating Theater Satellite Pharmacy 


Operating theater pharmacy is important and should have 
a refrigerator, space for drug storage, locked containers for 
controlled substances, computer, desk area for paper work 
and pharmaceutical literature. The special kits for specific 
surgeries may also be arranged. Pharmacy may remain 
open for 24 hours based on the need. 


USUAL DISADVANTAGES OF EXISTING 
OT IN OLD HOSPITALS 


Figure 38.5 shows compromised operating theater in 

community hospital of developing countries. Following 

are the disadvantages of existing OT in old hospitals: 

e Noreception area 

e No separate rooms for surgeons, anesthesiologist, 
junior doctor and OT attendants 

e Not enough number of changing rooms for different 
classes of people 

e Inappropriate size and types of door, etc. 

e Lack of laminar flow and mandatory air exchange 
systems in OT 
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Fig. 38.5: Compromised operating theater in community 
hospital of developing countries 


e Lack of standard OT protocol 
e No separate central sterile supply department 
e Waiting area recovery. 


OPERATING THEATER FOR THE UROLOGIST 


On top of the ideal OT, the urologist’s equipment, gadgets and 
system is to be added to the system. Endoscopic urological 
intervention may involve the use of irrigation fluid and will 
demand a special system. Endoscopic and laparoscopic 
equipment may require special care and sterilization. 


CONCLUSION 


During the current era of evidence-based medicine, it 
becomes imperative to give maximum importance to 
planning an OT complex. Even with the limitations of 
finance and space, the best results can be obtained if the 


design for the OT complex is carefully organized. All effort 
should be made to conform to the standards laid down 
by local bodies and international agencies, as healthcare 
facilities in India are now catering to more and more 
international clientele. But the new OT complex being 
established cannot be expected to fulfil all theoretical 
requirements as newideas are constantly being developed. 
New ideas may be incorporated and implemented as it is 
necessary.”*” 
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PRELUDE 


An efficient diathermy unit is one of the most important 
items in urological armamentarium. Urologists 
are expected to know the details of high-frequency 
electrosurgical generator. Tremendous developments 
have occurred in this field to meet the demand of precision 
build urological work. 


TECHNICAL CONCEPT 


Diathermy equipment used in the past consisted of two 
circuits; a valve oscillator for cutting currentanda generator 
for coagulation current. Nowadays, a single generator with 
adjustable modulation delivers both coagulation current 
(pulse modulation) and cutting current (no modulation 
or line modulation). The apparatus can be used in both 
unipolar and bipolar arrangement. 

The electrosurgical generator is the source of the 
electron flow and voltage (Fig. 39.1). The circuit is 
composed of the generator, active electrode, patient 
and patient return electrode. Pathways to ground are 
numerous but may include the operating room table, 
stirrups, staff members and equipment. The patient’s 
tissue provides the impedance producing heat as the 
electrons overcome the impedance.!” 

Standard electrical current alternates at a frequency of 
60 cycles per second (Hz). Electrosurgical systems could 
function at this frequency but because the current would 
be transmitted through body tissue at 60 cycles, excessive 
neuromuscular stimulation and perhaps electrocution 
would result. 

As nerve and muscle stimulation cease at 100,000 
cycles/second (100 kHz), electrosurgery can be 
performed safely at “radiofrequencies” above 100 kHz. 
An electrosurgical generator takes 60 cycles per second 
current and increases the frequency to over 200,000 cycles 
per second. At this frequency, electrosurgical energy can 


High Frequency 
Electrosurgical Apparatus 
(Diathermy Equipment) 


pass through the patient with minimal neuromuscular 
stimulation and no risk of electrocution. 


TISSUE EFFECT 


Cutting 


Electrosurgical generators are able to produce a variety 
of electrical waveforms. As waveforms change, so will the 
corresponding tissue effects. Using a constant waveform 
like “cut’; the surgeon is able to vaporize or cut the tissue. 
This waveform produces heat very rapidly. 


Coagulation 


Using an intermittent waveform like “coagulation,” can 
cause the generator to modify the waveform so that the 
duty cycle (on time) is reduced. This interrupted waveform 
will produce less heat. Instead of tissue vaporization, a 
coagulum is produced. 


Fig. 39.1: Electrosurgical generator 
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Fig. 39.2: Typical example of a blended current 


Blending 


A “blended current” is not a mixture of both cutting and 
coagulation current but rather a modification of the duty 
cycle (Fig. 39.2). As you go from Blend 1 to Blend 3, the 
duty cycle is progressively reduced. A lower duty cycle 
produces less heat. Consequently, Blend 1 is able to 
vaporize tissue with minimal hemostasis whereas Blend 
3is less effective at cutting but has maximum hemostasis. 

The only variable that determines whether one 
waveform vaporizes tissue and another produces a 
coagulum is the rate at which heat is produced. High heat 
produced rapidly causes vaporization. Low heat produced 
more slowly creates a coagulum. Any one of the five 
waveforms can accomplish both the tasks by modifying 
the variables that impact tissue effect (Fig. 39.3). 


Fulguration 


Flectrosurgical fulguration (sparking with the coagulation 
waveform) coagulates and chars the tissue over a wide 
area. As the duty cycle (on time) is only about 6%, less 
heat is produced. The result is the creation of a coagulum 
rather than cellular vaporization. In order to overcome 
the high impedance of air, the coagulation waveform has 
significantly higher voltage than the cutting current. Use of 
high voltage coagulation current has implications during 
minimally invasive surgery. 

Technical basis of high frequency apparatus are: 

e Frequency range 3-2 mHz 

e Resistance 200-500 ohms 


‘Pure cut 
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Fig. 39.3: Effect produced on the tissues by voltage variation 


e Pulse modulation for coagulation 
e Line modulation for cutting 
e Unipolar and bipolar current delivery mode. 


UNIPOLAR DIATHERMY 


Unipolar diathermy is the most common configuration 
in which high-frequency current from the diathermy 
generator is delivered to an active electrode held by the 
surgeon. Current then spreads out through the body and 
returns to the diathermy generator via the patient plate 
electrode (Fig. 39.4). 
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Bipolar 


Fig. 39.5: Bipolar diathermy 


BIPOLAR DIATHERMY 


Bipolar diathermy avoids the need for a plate and uses 
considerably less power (Fig. 39.5). The surgeon holds 
a pair of forceps connected to the diathermy generator. 
Diathermy current passes down one limb of the forceps 
through a small piece of tissue to be coagulated, and then 
back to the generator via the other limb of the forceps. 
Bipolar diathermy cannot be used for cutting which needs a 
continuous arc between the active electrode and the tissue 
involved. It will not work with the common surgical practice 
of holding grading vessels with ordinary surgical forceps. 


UROLOGICAL APPLICATIONS 


Endoscopic urologic surgery requires the monopolar 
technique. Current coming from the generator runs from 
the active electrode, through the patient’s body and back 
to the high-frequency instrument via the neutral electrode 
(Fig. 39.6). 

Most ofthe high-frequency unit comes witha maximum 
high-frequency cutting current of 400 watts. Significantly, 
lower currents are adequate for coagulation purposes. The 
upper frequency level should not exceed 2 mHz, since high- 
frequency leakage currents increase more sharply above 
this level. Less than 3 mHz frequency causes activation of 
muscles and nerves. The high-frequency equipment uses 
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Fig. 39.6: Desired flow of current in monopolar 
high-frequency surgery 


a frequency of 2 mHz, which is thought to cause muscle 
or nerve oxidation. The crest factor defined by the relation 
of peak current and effective current describes the degree 
of current modulation. To avoid large necrosis due to 
coagulation, this factor should be low during the cutting 
procedure and on the other hand, coagulation requires a 
higher crest factor. 
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Generators commonly used today work at their 
maximum capability at a resistance level of 200-500 ohms. 
Water content of the tissues determines the resistance. 
Low-resistant equipment is good for high water content 
tissues. High-resistant equipment is better for cutting 
tissue with low water content, such as coagulated areas and 
cancerous tissue. Microprocessor controlled diathermy 
equipment is provided with a mechanism that adapts 
output voltage to the current demand can ensure constant 
cutting quality for all types of tissue. 

Loss of output due to electrolysis does not occur with 
the use of highly resistant irrigation fluids, such as glycine 
solution. Loss of output with the use of electrolyte solutions 
varies depending on the solution’s composition. A 0.9% 
sodium chloride solution conducts electrical current 1,700 
times better than glycine solution; plain water conduct 
currents 70 times better than glycine solution. 


MODE OF ACTION 


The degree of coagulation of the cut surface determines 
the cutting properties. Cutting and coagulating properties 
depend on the following: 


Effects of Diathermy 


Effect of diathermy on time depends on following factors: 
e Amplitude of the high-frequency current 

e Quality of the high-frequency current (modulation) 

e Shape of the cutting electrode 

e Orientation of the cut 

e Characteristics of the tissue. 


Effects of the High-Frequency Current 


Electrical current passing through biological tissue 
causes thermal effects, faradic effects and electrolytic 
effects. In surgery, thermal effects are used for cutting and 
coagulating tissues by reducing the faradic and electrolytic 
effects. 


Capital Effect 


The intensity of thermal effect of the high-frequency 
current depends on: 
e Tissue resistance 
e Power 
e Duration of application 
e Type of current. 

The amount of heat generated depends largely on 
tissue resistance, which is high compared to that of 
the electrodes. The greatest heat is generated where 


cross-section of the conductor is the smallest and specific 
resistance is the largest. This explains the small size of the 
active electrode in monopolar application and the large 
size of the neutral electrode (patient plate). 

Heat necessary for cutting and coagulating is caused 
by high-current density between the active electrode and 
the tissue. The amount of heat generated is proportional 
to the square of the average current density. The current 
runs from the active electrode to the neutral electrode and 
on to the high-frequency generator. No rise in temperature 
occurs in the neutral electrode itself or in the cable to the 
high-frequency generator. 

The different applications derived from the thermal 
effects of high frequency current are: 

e Cutting of tissue 

e Coagulation of tissue 
e Faradic effect 

e Electrolytic effect. 


Cutting of Tissue 


Rapid generation of heat brought about by the current 
leads to rapid heating of intra and extracellular fluids 
with sudden production of steam that the tissue tears 
explosively. 

The cutting current should be adjusted so that the heat 
generated at the loop during cutting is as low as possible. 
Excessive density leads to extensive necrosis. Sloughing 
off necrosis can also result in postsurgical bleeding. Too 
high output leads to more thermal dissociation of water 
vapor, which in turn leads to the formation of oxyhydrogen 
gas by vaporization of tissue. This mode is used in 
electrovaporization of prostate. 


Coagulation of Tissue 


In coagulation mode, the heating of extra and intracellular 
fluids during coagulation of tissue should be slow. Cell 
fluid should diffuse through the cell walls without breaking 
them. This diffusion and the shrinkage due to coagulation 
of parts of the tissue provide the mechanism by which 
coagulation controls bleeding. A distinction can be made 
between deep coagulation and point hemostasis on the 
basis of the method used. 

A long application time with a weak current level 
produces a marked coagulation effect. Since the depth 
of coagulation is a little greater than the diameter of the 
electrode, round or cylindrical electrodes provide deeper 
coagulation than does the resection loop. The effect is the 
strongest directly under the electrode and extends slightly 
beyond its surface. A higher current dries the surface of 
the tissue quickly (spray coagulation), thus increasing the 
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electrical resistance, which in turn precludes a deep effect. 
The effect is limited to the superficial area of tissue, and is 
used to control surface oozing. 


Faradic Effects 


Electrical activation of nerve and muscle cells depends 
on the strength and frequency of the current (Nernst’s 
law). High-frequency alternating current does not elicit 
the faradic effect. For this reason, high-frequency surgery 
makes use of alternating current with a frequency of 
at least 0.3 mHz. Every surgeon has learned to fear the 
spasms caused by activation of the obturator nerve. 
Equipment with features of self-adjusting high-frequency 
output diminishes the occurrence of the faradic effect 
by producing a consistently minimal discharge of sparks 
between resection loop and tissue. 


Electrolytic Effects 


Direct current can cause ion displacement that might 
cause tissue damage. This is avoided by the use of high- 
frequency alternating current; the constant change of 
direction results only in oscillation of the ions. 


QUALITY OF HIGH-FREQUENCY CURRENT 
(MODULATION) 


Computerized or microprocessor controlled surgical 
generators produce the necessary high-frequency current 
of 0.3-2 mHz from standard power supply. 

The following distinction can be made between two 
types of current: 

l. Pure sine wave is used for cutting with shallow 
coagulation. The intensity of its effect depends on the 
speed of cutting, the depth of the cut and the nature 
of the tissue. A generator output of 50-150 watts and a 
generator current of 0.25-0.70 amperes are necessary 
for acceptable cuts during transurethral resection 
(TUR). 

2. Damped sine wave varies in the extent of coagulation 
necrosis by changing the degree and shape of 
modulation. 

Thus, periodically interrupted high-frequency currents 
with constant amplitude and periodically interrupted 
high-frequency currents with damped amplitude can be 
used for cutting and coagulating tissues. 

The intervals between impulses vary from 10-100 
milliseconds (ms); length of impulses varies from 1-20 ms. 
Average generator output is between 10 watts and 50-70 
watts with a maximum current of up to 2 amperes. 


Some generators have the capacity to produce 
blended current, which results from summing the two 
aforementioned types of current, and which leads to 
greater necrosis of the cut surface. 


FACTORS INFLUENCING THE THERAPEUTIC EFFECT 


Shape of the cutting electrode with constant high- 
frequency output, temperature in the resection area 
depends on the shape and size of the contact surface. For 
this reason, thicker cutting electrodes cause deeper areas 
of coagulation. 

Thin loops or needles can produce sharp cuts. The 
sharpness of the cut is the result of increasing current 
density with decreasing cross-section of the loop wire or 
needles and concomitant increase in heat production, 
which leads to marked surface coagulation. 


Incision 


The slower the incision, the longer the action time of the 
high-frequency current, and thus, the more pronounced 
the coagulation effect. As previously mentioned, a long 
period of action at a lower temperature leads to deeper 
coagulation whereas high temperature applied for a short 
period creates scabs that act as insulators. 


Tissue Characteristics 


Marked heterogeneity of tissues with differences in specific 
resistance levels requires constant readjustment of the 
generator output. Electronically controlled high frequency 
generators determine the right output for tissues with different 
levels of resistance. It is important to choose the minimum 
output at which a desired intensity can be achieved. 


SAFETY CONSIDERATIONS 


The diathermy equipment should be safe for the patient, 
surgeons, theater staffs, other equipments in operating 
theater and the anesthetic area where explosions are 
possible. 

Cutaneous burns are the most common injury 
incurred by high frequency currents. Severity and extent of 
burns depend on current intensity, generator voltage and 
contact resistance. 

The highest density of leakage currents occurs in the 
area of the body immediately under the surgical site and 
in contact with the operating table. A current density of 10 
amperes per square centimeter at certain points may be 
sufficient to cause burns. 
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Urologic instruments and lubricants can affect the flow 
of currentto such an extent that detrimental concentrations 
of current may occur inside the urethra. This can occur with 
metal sheaths if the insulation is faulty, with lubricant of 
insufficient electrical conductivity or with high-generator 
output. Low-conductive lubricants are used with insulated 
sheaths to prevent passage of current beyond the insulator 
from the glans to any metal parts and so as to avoid burns. 

Accidental grounding of the metal sheath results in a very 
high-current density in the resectoscope sheath. The surgeon 
can receive a shock from a sheath with damaged insulation 
via the loop and conducting metal. Insulation damage may 
be caused not only by mechanical means or moisture, but it 
can also be the result of too much generator output. 


Capacitate Transmission of Current 


A current without direct metallic contact can also lead to 
burns. This phenomenon may occur if a high-frequency 
cable (e.g. the cutting cable) comes into direct contact with 
the patient’s skin during TUR. 


Guideline for Safe Use of Diathermy Unit 


Patient should not come into direct contact with grounded 
metal parts. Provide a solid, thick tabletop of high ohms 
(100 kilo ohm to 100 milli ohm). The pad on which the 
patient is lying should never be wet. Conductive breathing 
tubes should have no direct contact with the patient. 


Neutral Electrode 


The neutral electrode should be fixed accurately and 
securely close to the operation site. During transurethral 


Capacitively coupled Plastic collar 


Energy to metal cannula 


surgery, the neutral electrode should be fixed to the right 
thigh with care; it can also be attached to the buttocks. 
The automatic connection monitor in advanced model of 
the high-frequency generator only tests the connection 
of the electrode and also the mounting of the electrode 
on the patient. 

The entire surface of the neutral electrode should be 
applied over muscle tissue (Caution: avoid bone pins and 
endoprostheses). Very hairy body parts are to be shaved 
before the electrode is attached. The neutral electrode 
must be free of corrosion and oxidation. With a maximum 
high-frequency output of 400 watts, the recommended 
minimum electrode size is 180 cm?. 


Capacitive Coupling During Endoscopy 


During laparoscopic surgery, the metal trocar, if used, 
may create a capacitor with the active electrode. The use 
of plastic trocar and abdominal wall anchor prevents the 
current from dissipating through the abdominal wall. The 
capacitive coupled current may exit to adjacent tissue on 
its way to the patient return electrode (Figs 39.7A and B). 
This can cause significant injury. 


Avoid Looping of the Cords 


The current should never cross the body. Cords should 
not lie on the patient, touch other cords or run parallel to 
electrocardiography (ECG) cords (capacitate conduction) 
(Fig. 39.8). 

It is recommended that: 

e Cords should not be wrapped around metal instruments. 
e Cords should not be bundled together. 


Nonconductor 
(Plastic cannula) 


Insulator 
(Electrode insulation) 


Figs 39.7A and B: Capacitive coupling during endoscopy 
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“ee 
Fig. 39.8: Looping of the cords to be avoided 


Disposable Patient Plate 


Disposable patient plate is the best because it ensures the 
conduction of electric current easily into the body due to 
its firm adhesives on to the body. Alternatively, the patient 
plate is wrapped with moist pad soaked with normal saline. 

Ifthe patient is being monitored with an ECG during the 
use of high-frequency currents, special safety regulations 
should be observed. 


Insulated Electrode 


“The active electrode(s) should be placed in a clean, dry, 
well-insulated safety holster, when not in use.” Do not 
use red rubber catheters or other materials as a sheath on 
active electrodes. 

e Red rubber and other plastic materials may ignite with 
high power settings and in the presence of an oxygen 
enriched environment. 

e Use manufacturer approved insulated tips. 

Insulated electrode will prevent accidental and 
unintentional damage of tissue from the electrode which 
should be carefully inspected before it’s use (Fig. 39.9). 
It should be immediately discarded if it is found to have 
damage in its insulation. 

Safety regulations for use of diathermy equipment are 
as follows: 

e Patient should not be grounded in any way. 

e Neutral electrode should be fixed close to operation. 

e Cord should not be looped or run parallel to ECG cord 
and should be away from body. 

e Disposable patient plate is the best. 

e Output should be as low as possible. 

e Patient with pacemaker needs precaution. 


Fig. 39.9: Insulated electrodes 


High-frequency output should be as low as possible. If 
the quality of cuts is poor, check the contact and mounting 
of the neutral electrode and the plug connection between 
cutting cable and resectoscope before increasing high- 
frequency output.’ 


Patient with Pacemaker 


Use of high-frequency instruments on patients with 
pacemakers requires preoperative consultation with 
cardiac physicians and anesthesiologists. Evaluation of the 
pacemaker system and it’s possible vulnerability allows 
planning for possible surgical emergencies. Placing the 
neutral electrode at the distal end of the right thigh should 
keep the TUR-generated current circuit away from the 
pacemaker circuit. 

Patients with pacemaker undergoing urological procedure: 

e Arrhythmia or cardiac arrest may occur. 

e Itmay cause myocardial burn. 

e Prior consultation with cardiac physician and 
anesthesiologist. 

e Application of magnet may be helpful. 

e Bipolar diathermy mode is preferred. 

e Short pulse of cutting and coagulation current may 
be helpful. 

e Patient plate should be placed in such a position so that 
diathermy current flows away from the pacemaker. 
Demand pacemakers, which are standard today, are 

activated when cardiac frequency falls below a certain 
level. Impulses generated by high-frequency currents 
during TUR can therefore affect the pacemaker’s function. 
Application of magnets rules out activation by impulses 
but it also interferes with the heart rhythm. Since this 
altered rhythm cannot adapt to the actual demands of the 
circulatory system (which may result from disturbances 
in water balance and from blood loss), a further potential 
danger results. Giving careful attention to electrolyte and 
water balance can reduce this danger. 
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A large number of TUR is performed nowadays on 


patients with pacemakers and no related accidents are 
observed. Nevertheless, an anesthetist should always have 
a magnet and a defibrillator close at hand.’ 


Most potential problems can be avoided by following 


these simple guidelines: 


Inspect insulation carefully. 

Use lowest possible power setting. 

Use a low voltage waveform (cut). 

Use brief intermittent activation versus prolonged 
activation. 

Do not activate in open circuit. 

Do not activate in close proximity or direct contact 
with another instrument. 

Use bipolar electrosurgery when appropriate. 


Select an all metal cannula system as the safest choice. 
Do not use hybrid cannula systems that mix metal with 
plastic. 

Utilize available technology, such as a tissue response 
generator to reduce capacitive coupling or an active 
electrode monitoring system, to eliminate concerns 
about insulation failure and capacitive coupling. 
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The ultrasonic surgical shears or harmonic scalpel is an 
ultrasonic cutting and coagulating device using lower 
temperature than electrosurgery or lasers (Fig. 40.1). 
The device offers minimal lateral thermal damage, 
minimal charring and desiccation, and minimal smoke for 
improved visibility. Cutting and coagulation is controlled 
by the surgeon by adjusting the power level, blade edge, 
tissue traction, and blade pressure. Use of short medium 
and long shears improve the surgical delicacy and motion 
in traditional open or laparoscopic surgery. 

This provides an attractive alternative to monopolar 
electrosurgery when one is working around particularly 
delicate tissues or operating on patient’s open orlaparoscopic 
surgery in particular with an implanted pacemaker.'” 

It is a well-known fact that electrosurgery is associated 
with a lack of precision with a high-risk of unintentional 
injury to tissues and structures surrounding the surgical 
site. As a safe and better alternative to electrocautery for 
the hemostatic dissection of tissue, the ultrasonically 
activated (Harmonic) scalpel was introduced into clinical 
use nearly a decade ago from Ethicon Endosurgery. 


Fig. 40.1: Harmonic scalpel, the ultrasound energy generator 


Ultrasonic Surgical Shears 


(Harmonic Scalpel) 


Jahangir Kabir, MA Salam 


MECHANISM OF TISSUE COAGULATION 


In this technology, the electrical energy is transformed 
into mechanical energy by the use of a piezoelectric crystal 
system leading to mechanical vibrations produced by this 
system in the tip of the instrument. The tip of the device 
vibrates at 55,500 times per second, causing the following 
effects on tissue: cavitations, co-optation/coagulation and 
cutting. When the blade comes into contact with the tissue 
and pressure is applied, the blood vessels are coapted and 
this co-optation breaks up positive hydrogen molecules, 
denaturing the protein in the cells. Denatured protein then 
forms a sticky coagulum, which forms a hemostatic seal, 
allowing the surgeon to simultaneously cut and coagulate. 
Thereby this device can provide a precise cutting and 
coagulation with minimal lateral thermal tissue damage. 

The ultrasonically activated scalpel, the harmonic knife 
or shears causes minimum local thermal damage and tissue 
charring because of a working temperature of less than 80°C, 
the depth of penetration is limited to the targeted tissue 
within a diameter of 1 mm. This reduced tissue charring 
may result in a reduced rate of postoperative adhesions. 
Harmonic scalpel eliminates other problems associated with 
monopolar electrosurgery, specifically, problems of remote 
site tissue damage owing to capacitive coupling, insulation 
defects in the instrumentation and direct coupling. 

Use of this tissue coagulating device in traditional or 
laparoscopic surgery results a decrease in temperatures, 
smoke and lateral tissue damage. Moreover, the elimination 
of inadvertent, sometimes unrecognized, electrical arcing 
injuries of surgical electrocautery are avoided. Time has 
proved that the Harmonic scalpel is a potentially safer 
instrument for tissue dissection since its inception. 


USE OF THE ULTRASONIC SURGICAL SHEARS OR 
HARMONIC SCALPEL 
The ultrasonic surgical shears or harmonic scalpel is now 


range widely to include surgery of the head and neck, chest, 
and abdomen and the ultrasonically activated (Harmonic) 
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Figs 40.2 Ato C: Ultrasound shear for open surgery 


scalpel has been proved to be an effective, efficient, and 
safe instrument for dissection and hemostasis in both 
open and laparoscopic surgical procedures (Figs 40.2 and 
40.3). The Harmonic scalpel work on the tissue’s cutting 
and coagulating very effectively with the replacement of 
the high frequency current, which can be connected with 
diverse complications. Principle is transforming of the 
electric power into mechanical longitudinal movement 
of the working part of the instrument, by piezoelectric 
transducer situated in the handpiece.'” 

Currently, this comprehensive system has been used 
by thousands of surgeons worldwide in both endoscopic 
and open surgical procedures. 

Unlike the surgical diathermy, this device offers a unique 
precise cutting and coagulation of tissue with minimal lateral 
thermal tissue damage without charring effect and fumes. 
Harmonic scalpel may provide the following advantages 
compared with electrosurgery and laser surgery: 

e Less lateral thermal damage 

e Minimal smoke means a clearer visual field 

e No electrical energy passed to or through the patient 
e Less lateral tissue damage 

e Minimal smoke. 

The harmonic scalpel technology cuts and coagulates 
tissues at lower temperatures (less than 100°C). Both 
electrosurgery and laser surgery, coagulation occurs by 
excessive heating and charring of the tissue to form eschar; 
cutting occurs by heating the tissue so rapidly that water 
within cells vaporizes and explodes the cells. Subsequent 
carbonization generates smoke, which can impair visibility.'” 


Fig. 40.3: Ultrasound shears for laparoscopic use 


As the ultrasound is the basis for harmonic scalpel 
technology, no electrical energy is conducted to the patient, so 
there is no risk of electric shock from the harmonic scalpel line 
of instruments. The potential disadvantages of the harmonic 
technology include slowness to achieve the desired effect and 
the fact that the metal portion of the shears becomes quite hot 
during activation and must not come into direct contact with 
any bowel surrounding the area of dissection.'” 
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A specialized generator/instrument system has been 
developed that is designed to reliably seal vessels and 
tissue bundles for surgical ligation both in laparoscopic 
and open surgery applications. It applies a unique form 
of bipolar electrosurgery in combination with optimal 
pressure delivery by the instrument in order to fuse the 
vessel walls and create a permanent seal.'° 

The output is feedback controlled so that a reliable 
seal is achieved in minimal time, independent of the 
type or amount of tissue in the jaws. The result is reliable 
seals on vessels up to and including 7 mm in diameter 
or tissue bundles with a single activation. The thermal 
spread is significantly reduced compared to traditional 
bipolar systems and is comparable to ultrasonic 
coagulation. The seal site is often translucent, allowing 


Tissue Fusion System 
(LigaSure) and Evident 
Microwave Ablation System 


evaluation of hemostasis prior to cutting. Seal strengths 
are comparable to mechanical ligation techniques such 
as sutures and clips and are significantly stronger than 
other energy based techniques such as standard bipolar 
or ultrasonic coagulation. The seals have been proven to 
withstand more than three times normal systolic blood 
pressure.”* 

Vessel sealing system is a unique energy based ligation 
method. Complete hemostasis is achieved by reforming 
the collagen and elastin in vessel walls to form an 
autologous seal. The following are vessels typically within 
the recommended vessel sealing range of the LigaSure™ 
system (up to and including 7 mm in diameter) (Figs 
41.1A and B). This unique technology can also seal tissue 
bundles, lymphatics and pulmonary vasculature. 

Whetherasurgeryisperformedopenorlaparoscopically, 
vessel sealing technology offers procedural advantages that 


Figs 41.1A and B: LigaSure™ system 
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Fig. 41.2: Evident™ microwave ablation system 


benefit both the surgical team and the patient. Studies have 
shown that in certain procedures the use of vessel sealing 
system can result in significantly less blood loss and shorter 
procedure times compared to conventional methods 
of ligation.° 

This procedure is performed for renal pathology, such 
as renal tumors, renal trauma, congenital ureteropelvic 
junction obstruction with severe hydronephrosis, calculous 
disease with infection, cortical abscess, pyelonephrosis 
and renovascular hypertension, as well as renal transplant. 

A total nephrectomy involves the removal of the entire 
kidney, either radical for cancer or simple for noncancerous 
operations. A partial nephrectomy involves the removal of 
a tumor from a portion of the kidney where the remainder 
of the kidney remains intact and functional.’ 

Vessel sealing technology may provide: 
e Significant reductions in operative blood loss 
e Significant reductions in transfusion requirements 
e Significant reductions in operative and anesthesia time 
e Significant reductions in length of hospital stay 
e Significant reductions in postoperative pain 
e Minimal thermal spread. 


THE EVIDENT™ MICROWAVE ABLATION SYSTEM 


Features of microwave (MW) ablation system are as 
follows: 


e Evident™ MW ablation system is the fastest ablation 
system for soft tissue coagulation (Fig. 41.2). 

e One of the fastest systems available, ablation 
procedure duration is up to 60% quicker than other 
radiofrequency ablation products. 

e Evident™ MW ablation system is the only microwave 
ablation system available in selected countries 
worldwide that has received US Food and Drug 
Administration clearance for the partial or complete 
ablation of nonresectable liver tumors. 

Microwave ablation uses rotation of water molecules 
to create frictional heat, which results in an ablation zone. 
The Evident™ MW ablation system, which uses a 915 MHz 
frequency, can create ablations within 10 minutes at 
45 W with the application of one, two or three antennas 
simultaneously.® This will produce individual lesions at 
each antenna or one combined lesion when antennas are 
spaced 1.5-2 cm apart.”* 

With MW ablation, there is no current flow through 
the patient, eliminating the need for a patient return pad. 
The MW ablation antenna radiates an energetic field into 
tissue, which creates an active zone of heating, rather than 
relying on thermal conduction and current flow. 

The Evident™ MW ablation system is an entire system 
that is matched for soft tissue. Anticipated ablation results 
in tissue are achieved by inserting the entire radiating 
section of the antenna into the target tissue and turning on 
the power. The system automatically shuts off when the set 
ablation time is reached. Use image guidance to verify that 
the ablation zone has been achieved.” 
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PRELUDE 


Adjuvant intravesical chemotherapy or immunotherapy 
is indicated in patients who are at a high-risk for tumor 
recurrence by virtue of having multiple, recurrent or high 
grade tumor associated with carcinoma in situ (CIS) or 
atypia of urothelium.’* 


INTRAVESICAL CHEMOTHERAPY 


The intravesical chemotherapy can be given by thiotepa, 
mitomycin C, doxorubicin, epirubicin, etc. After the 
intravesical chemotherapy the incidence of secondary 
hematological malignancies is low and as such intravesical 
chemotherapy within 24 hours following transurethral 
resection of bladder tumor (TURBT) may help reduce 
future recurrence and become a standard practice in 
most of the urological centers. Usual dose for single dose 
mitomycin therapy is 60 mg dissolved in 60 mL of normal 
saline and instilled into the bladder through catheter 
on the day of TURBT. It is retained in the bladder for 
60 minutes. 


INTRAVESICAL IMMUNOTHERAPY 


Intravesical immunotherapy can be given by Bacillus 
Calmette-Guerin (BCG) or interferon. Bacillus Calmette- 
Guerin is an alternated strain of Mycobacterium bovis 
having immunostimulatory effect commonly given 
in: (i) prophylaxis in tumor-free patient; (ii) treatment 
of residual tumor in patient with CIS. Interferons 
have antiproliferative, antiangiogenic and immuno- 
stimulatory effects. 

The dose of BCG is 81 mg to be instilled in the bladder 
for 60 minutes every week for 6 weeks, then every 6 weeks 
for 3 months, at 6 months, at 12 months, at 18 months and 
finally at 24 months.*® 


Principles of Intravesical 
Chemotherapy and 
Immunotherapy 


INDICATIONS OF INTRAVESICAL CHEMOTHERAPY 


e Carcinoma in situ (primary CIS) 

e Multifocal or rapidly recurring superficial tumors Ta/T1 

e Carcinoma in situ in association with exophytic tumor 
(secondary carcinoma in situ). 

e Currently intravesical chemotherapy is given in the 
first 24 hours of TURBT in order to provide prevention 
from recurrence. 


CONTRAINDICATIONS 


Contraindications include transitional cell carcinoma 
(TCC) elsewhere, e.g. in the urethra, prostatic ducts, 
prostatic urethra, ureter or renal pelvis.”* 

Contraindications of intravesical chemotherapy and 
immunotherapy are: 

e Transitional cell carcinoma elsewhere 
e Reduced bladder capacity 
e Tumor other than TCC. 

Markedly reduced bladder capacity, if this is known to 
pre-exist the CIS, for example, if there has been previous 
radiotherapy with severe bladder contracture. However, it 
should be noted that widespread CIS may cause reduction 
in bladder capacity and that capacity may improve after 
effective intravesical therapy.** 


PREREQUISITE FOR INTRAVESICAL THERAPY 


e Normal liver function test 
e Complete blood count within normal parameter 
e Absence of urinary infection. 


Dose and Duration of Therapy 


The best tumor cell killing will be obtained by the longest 
duration of treatment at the highest tolerated concentration. 
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The maximum dose depends on any risk of systemic 
absorption and how irritant the agent is. The duration 
of therapy also depends on how irritant the agent is. The 
usual technique is to pass a 16F two-way Foley catheter 
and to introduce the agent for a set period of time. If the 
agent is irritating or the bladder is inflamed, bypassing of 
urine around the catheter may be a problem. Alternatively, 
the agent may be instilled and the catheter immediately 
withdrawn, asking the patient to void after a specified 
interval. This latter method has the disadvantage that the 
patient may void too early or retain the agent too long.*® 
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DEVELOPMENT OF KIDNEY 


Laila Anjuman Banu 


Pronephros 


Organs for filtration in lower vertebrates are known as the 
pronephros. Although this structure exists in the human 
embryo, it cannot be identified as a separate organ. The 
mesonephros, however, arises after 4-5 weeks’ gestation 
from the intermediate cell mass of mesoderm in the 
upper thoracic region. Vesicular spaces appear within the 
mesonephros and elongate transversely; the medial end 
of each space expands to resemble a Bowman’s capsule 
(internal glomerulus) whilst the lateral end fuses with the 
rudimentary pronephric duct to form the mesonephric 
duct. This entire structure bulges into the abdominal cavity 
to form the urogenital fold. 


Mesonephros 


After 6 weeks, the more cranial tubules of the mesonephros 
begin to degenerate and this process proceeds in a caudal 
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direction so that only the most cranial and caudal tubules 
persist (Figs 43.1A to C). In the fully formed fetus, these 
form the paradidymis/paroophoron and the vasa efferentia 
of the testis, respectively. At the same time, a bud appears 
from the dorsal aspect of the lower end of the mesonephric 
duct, just above the cloaca. This grows dorsally and then 
turns cranially to become the metanephric (ureteric) bud. 


Metanephrogenic Cap 


A condensation of mesoderm (the metanephrogenic cap) 
appears at the tip of the ureteric bud in continuity with 
the lower part of the degenerating mesonephros; this 
condensation becomes the parenchyma of the kidney. As 
the embryo develops further, the metanephrogenic cap 
moves caudally with its metanephric duct, partly as a result 
of continuing growth and partly because of unfolding of the 
embryo. The developing metanephros assumes a lobulated 
appearance (fetal lobulation) which may persist in the fully 
developed adult kidney. 
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Figs 43.1A to C: Schematic diagram of development of the kidney after 6 weeks 
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Ureteric Bud 


At its lower end, the developing ureter separates itself 
from the mesonephric duct by differential growth to enter 
separately into the cloaca. Atits upper end, the ureteric bud 
branches as it grows to form major and minor calyces with 
the final, fine branches forming the collecting tubules. The 
metanephrogenic cap develops into the renal parenchyma 
and the proximal portion of the nephrons. Numerous 
congenital anomalies may arise during the development 
of ureter and kidney.'" 


KIDNEY 


Macroscopic Anatomy 


The kidneys are slightly lobulated organs approximately 11 
cm long, 6 cm wide and 3 cm thick, weighing 135-150 gm 
in adults. They lie on the posterior abdominal wall with the 
right kidney, normally slightly lower due to displacement 
by the liver. For this reason, the lower pole of the right 
kidney may be palpable in a thin patient. 

Anteriorly, the kidneys are covered by the peritoneum 
and the contents of the abdominal cavity. The adrenal 
glands lie superomedially on the upper pole of each 
kidney. The medial border of the kidney forms the hilum. 
This contains from front to back, the renal vein, renal artery 
and renal pelvis. There is usually a posterior branch of the 
artery lying behind the renal pelvis which is important 
clinically in exposure of the renal pelvis from behind for 
stone removal. The hila of the kidneys lie at the level of 
L1 (the transpyloric plane of Addison) and also contain 
nerves (mainly vasomotor) and lymphatics. 


Calyceal System 


The pelvis of the kidney divides within the hilum into two 
or three major calyces, which in turn, divide into a number 
of minor calyces. Each minor calyx is indented by a 
medullary pyramid on to which drain the collecting ducts. 
The kidney itself is ensheathed by a thin fatty envelop 
(perirenal fat) which extends into the hilum medially to 
surround the major calyces. 


Perirenal Fascia 


The adventitial tissue around the perirenal fat is 
condensed into a layer of perirenal fascia (Gerota’s fascia). 
The anterior and posterior layers of this fascia fuse lateral 
to the kidney and blend medially with the fascia over the 
aorta and inferior vena cava; the fusion medially explains 
why perirenal collections of fluid do not cross the midline. 


They do, however, track down the upper ureter; since the 
perirenal fascia is incomplete inferiorly. 

Although the renal fascia encloses the adrenal glands, 
these lie in a separate compartment from the kidney and 
can, therefore, be preserved when a kidney is removed but 
in radical nephrectomy, the adrenals are removed with 
tumor (Fig. 43.2).!° 


Blood Supply 


Blood supply to the kidney comes from the renal arteries, 
arising directly from the aorta on either side just below the 
superior mesenteric artery (Fig. 43.3). The renal arteries 
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Fig. 43.2: Horizontal section through the abdomen to show renal 
fascia, as described in the text. The arrow indicates the lumbar 
approach to the kidney 
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Fig. 43.3: Blood supply of kidney (Source: Fox SI. Human 
Physiology, 6th edition. P. 529) 
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give off twigs to the adrenal glands and upper ureter before 
dividing into lobar and interlobar arteries. These interlobar 
arteries divide into arcuate arteries, which send branches 
into the renal medulla (interlobular arteries) and to the 
glomeruli (glomerular arteries). Aberrant renal arteries 
are common, usually arising directly from the aorta and 
penetrating the renal substance without entering the 
hilum; they usually supply the upper or lower pole of 
the kidney.'* 


Venous Drainage 


Venous drainage tends to be the reverse of this situation. 
However, the arterial supply to each lobe of the kidney 
does not communicate with that to its neighboring lobe. 
As aresult, segmental infarction of the kidney occurs when 
an interlobar or lobar artery is occluded. Venous drainage 
is not strictly segmental and shows free anastomosis 
between anatomical lobes of the kidney. 

The left renal vein crosses in front of the aorta receiving 
gonadal, lumbar and adrenal veins before entering the 
inferior vena cava. The right renal vein is shorter, drains 
directly into the vena cava and is not normally joined by a 
gonadal vein.** 


Histology 
Nephron 


Each kidney is packed with approximately 1 million 
nephrons. The nephron consists of a Malpighian corpuscle 
in the renal cortex and a tubular system which delivers 
the urine formed by glomerular filtration to the collecting 
tubules. The Malpighian corpuscle is comprised of a tuft 
of blood vessels (the glomerulus) lying in the cup of a 
glomeruli (Bowman’s capsule) (Fig. 43.4). 

The renal artery branches inside the kidney and a 
branch enters each Bowman’s capsule. This branch is 
called the afferent renal arteriole. The arteriole branches 
into a branch of capillaries called glomerulus inside each 
Bowman’s capsule. The capillaries merge again into one 
blood vessel that leaves the Bowman capsule called the 
efferent renal artery. The blood pressure in the glomerulus 
is very high due to the fact that these capillaries are present 
between two arteries and not between an artery and a vein 
as is the case with other parts of circulation. Due to this 
high blood pressure in the capillaries, fluid is squeezed 
out. However, only the substances that have sizes that 
enable them to pass out of the capillary wall are squeezed 
out. This is called filtration (or ultrafiltration). 
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Fig. 43.4: Outline of anephron 


The glomerulus is a tuft of capillaries fed and drained by 
an afferent and efferent arteriole. The glomerular capsule 
is separated from the glomerular capillaries by a thin layer 
of flattened epithelial cells across which filtration takes 
place. 

The filtrate of plasma is then passed through a tubular 
system where it undergoes substantial modification by 
reabsorption and secretion, passing in turn through a 
proximal convoluted tubule, a U-shaped loop of Henle 
which dips into the renal medulla, a distal convoluted 
tubule, a junctional tubule and finally, a collecting tubule. 
The collecting tubules combine to form larger collecting 
ducts (ducts of Bellini) which open onto the tips of the 
renal pyramids. 

The efferent glomerular arterioles continue after 
leaving Bowman’s capsule as interlobular arteries which 
supply the distal and proximal tubules and send off 
branches deep into the medulla to supply the loop of 
Henle (vasa recta). This anatomical arrangement results 
in relatively concentrated blood coming into close contact 
with dilute urine in the renal medulla and forms the basis 
of the renal concentrating mechanism by counter current 
mechanism (Fig. 43.5).°° 

The distal convoluted tubule of each nephron lies 
close to its originating glomerulus, sited between the 
afferent and efferent glomerular arterioles. At this point, 
the cells in the media of the arterioles are atypical, forming 
a juxtaglomerular apparatus in combination with the 
densely packed distal tubular cells (macula densa). These 
atypical arterial cells contain secretory granules and this 
complex structure plays an important role in the regulation 
of blood pressure via the renin-angiotensin system.*’ 
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Fig. 43.5: Filtration of the blood occurs in the renal corpuscle 
between the Bowman's capsule and glomerulus. In this nonselective 
process, fluid and tiny particles in the glomerulus pass from the 
blood into the Bowman's capsule and renal tubules. The fluid within 
the renal tubules is filtrated from which the appropriate amount 
solute and solvent are reabsorbed to form urine 


URETER AND RENAL PELVIS 
Macroscopic Anatomy 


The ureter is a hollow muscular tube, approximately 30 cm 
in length, commencing at the renal pelvis and ending at 
its entry into the bladder. It can be divided in anatomical 
terms, into proximal, middle and lower pelvic ureter. 


Proximal Ureter 


The proximal portion lies on the psoas muscle posteriorly 
and is adherent to the posterior peritoneum anteriorly. It 
runs along the tips of the transverse process of the lumbar 
vertebrae (L2-L5). The abdominal ureter enters the pelvis 
as it crosses the bifurcation of the common iliac vessels. 

The right ureter is covered by duodenum in its upper 
part, lies just to the side of the inferior vena cava and is 
crossed obliquely by the gonadal vessels. The left ureter 
passes down behind the left colon and enters the pelvis 
behind the root of the sigmoid mesocolon. 


Pelvic Ureter 


The pelvic ureter runs along the lateral pelvic wall until it 
reaches the level of the ischial spine where it turns medially 
and slightly upward to enter the bladder wall. In the pelvis, 
the ureter runs just above the seminal vesicle in the male 
where it is crossed superficially by the vas deferens. 
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Fig. 43.6: Course of ureter (Source: Applied Anatomy: The 
Construction of the Human Body, by Gwilym G Davis) 


In females, the ureter lies below the broad ligament 
and uterine vessels, just above the lateral vaginal fornix. 
It is at this point that large lower ureteric calculi can 
actually be felt (and removed) directly per vagina. Upon 
entering the bladder wall, the ureter runs obliquely for 2 
cm through the muscle before opening into the base of the 
bladder. This oblique intramural course provides a flutter- 
valve mechanism, which prevents reflux of urine from 
bladder to kidneys. Knowledge of the course of the ureter 
is essential when assessing a plain abdominal film to look 
for stones in the kidney or ureter thus, taking them out by 
open operations (Fig. 43.6).!°!! 


Blood Supply to the Ureter 


Blood supply to the ureter is segmental, arising from aorta, 
renal, gonadal, internal iliac and inferior vesical arteries 
with corresponding venous drainage. The blood supply 
becomes more tenuous in the distal ureter and this has 
important implications in the healing of the lower ureter 
after surgery. Innervation is also segmental from the renal, 
aortic and hypogastric plexuses and is predominantly 
vasomotor or sensory. 


Histology 
Pacemaker of Ureter 


The ureter and renal pelvis consist of an inner layer of 
transitional epithelium with its supporting lamina propria, 
a thick muscle layer and an outer adventitial layer of 
connective tissue. In the renal pelvis, the muscle bundles 
lie in various directions, mostly in a circular orientation 
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and are continuous with the muscle at the pelviureteric 
junction. There are morphologically and histochemically, 
atypical muscle cells lying in the region of the minor 
calyces, deep to the more typical muscle layer. It has been 
suggested that these groups of cells have a “pacemaker” 
function in initiating ureteric peristalsis.*" 


Muscle Layer 


The muscle bundles in the ureter are not spiral as 
normally described but form a complex syncytium of 
interconnecting bundles. The longitudinal and circular 
layers are difficult to distinguish separately. However, in 
the upper ureter, the outer fibers do tend to be circular 
to oblique whilst the inner fibers are longitudinal. Lower 
down the ureter, outer longitudinal fibers become more 
apparent until at the ureterovesical junction, the muscle 
is arranged in predominantly longitudinally orientated 
bundles and become continuous with the bladder neck. 


Innervation 


The ureter has a rich innervation of autonomic nerve 
fibers. Most of these are vasomotor but a small number 
lie free between muscle bundles, although there are no 
intramural ganglion cells in the ureter. The lower ureter 
does contain a few ganglion cells, which are anatomically 
continuous with those in the bladder wall. It seems most 
likely that these nerves modify the contraction waves in 
the ureter although they do not initiate them. 


Physiology 


Although, the exact mechanism of ureteric peristalsis is still 
not clear, initiation of a ureteric contraction wave seems to 
take place in the minor calyces. The specialized muscle 
cells in the walls of the minor calyces probably initiate 
contraction waves which are propagated into the walls of 
the minor calyx and then into the renal pelvis. A different 
minor calyx initiates each successive contraction, although 
the same calyx does occasionally fire twice in succession. 
The fact that pacemaker cells occur very close to 
the renal parenchyma suggests that propagation of the 
peristaltic wave is always away from the kidney, thus 
protecting the parenchyma from pressure rises. At high 
rate of urine flow, each pacemaker’s firing initiates a 
contraction wave, which is propagated down the ureter. 
At lower rate of flow, not all impulses are propagated. This 
suggests that the pelviureteric junction acts as a “gate” 
mechanism to regulate the rate of ureteric peristalsis. 


Mechanism of Transport of Urine 


Subsequent propagation down the ureter is dependent on 
the formation ofa bolus of urine by myogenic contraction. 
The first bolus is formed just above the pelviureteric 
junction by strong circular contraction of the pelvis 
with relaxation of the pelviureteric junction distally. 
Longitudinal muscle contraction then pulls the ureter up 
over the formed bolus of urine and the process continues 
down the ureter. Peristalsis, therefore, is dependent on the 
ability of the circular muscle to coop the ureteric walls. 


Antireflux Mechanism 


At the ureteric orifice, contraction of circular muscle 
pushes the bolus downwards whilst the longitudinal 
muscle contraction allows the intramural ureter and 
ureteric orifice to open and urine to pass into the bladder. 
The oblique course of entry of the ureter through the 
bladder wall prevents reflux of urine from bladder to ureter 
during bladder filling or voiding.” 
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CLINICAL EMBRYOLOGY OF THE UPPER 
URINARY TRACT 


The normal embryologic development of the upper tract 
reflects the pivotal role of the ureteric bud. Faulty or failed 
interaction between the ascending ureteric bud and 
metanephric mesenchyme results in renal agenesis or 
different patterns of renal dysplasia. In cases of complete 
ureteric duplication, the ureter derived from the more 
cephalad of the two ureteric buds remains more closely 
associated with the descending mesonephric duct, thus 
explaining the paradoxic pattern of ureteric anatomy. 
Here, the upper pole ureter drains in a more caudal (and 
sometimes ectopic) position in the definitive urinary tract, 
as described by Meyer-Weigert law. 

A group of renal anomalies, which includes pelvic 
kidney, horseshoe kidney and crossed renal ectopia can 
be clearly attributed to the period of renal ascent between 
the 6th week and 9th week, when the embryonic kidney 
acquires transient segmental blood supply at different 
levels until the definitive lumbar position is reached. 

Ureteropelvic junction (UPJ) obstruction is a heteroge- 
neous entity that exhibits a broad spectrum of severity. 
Most of the cases of congenital UPJ obstruction appear to 
derive from the mid-to-late stages of fetal development 
rather than when the embryonic kidney makes its 
appearance in the first 10 weeks.™* 


RENAL AGENESIS 


In the absence of coexisting anomalies, unilateral renal 
agenesis generally remains undiagnosed unless it comes 
to light as an incidental ultrasound or autopsy finding. 
Both kidneys may be congenitally absent either as part of a 
syndrome or as an isolated anomaly. 


Developmental 
Anomalies of the Upper 
Urinary Tract 


Zahid Hossain Bhuiyan 


Etiology 


Three etiologies are an intrinsic defect of the embryonic 
mesenchyme, failed induction of nephrogenesis and 
involution of multicystic dysplastic kidney (MCDK). 


Incidence 


Data from autopsy and radiologic studies suggest that 
the prevalence of unilateral renal agenesis in the general 
population is approximately 0.1-0.3%. 


Prognosis 


It is believed that unilateral renal agenesis has little impact 
on longevity and it must be qualified by the following 
reservations: 

e The high incidence of contralateral vesicoureteric 
reflux (VUR) 

e Proteinuria, hypertension and reduced creatinine 
clearance in a percentage of individuals with solitary 
kidneys indicate that hyperfiltration damage leads to 
glomerulosclerosis. 


MULTICYSTIC DYSPLASTIC KIDNEY 


It is now known that MCDK is far more prevalent in the 
general population than was previously suspected. 


Etiology 


Almost invariably, MCDK is associated with complete 
ureteric obstruction, which usually takes the form of 
proximal ureteric atresia. The high incidence of coexisting 
ipsilateral and contralateral VUR and the association with 
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renal agenesis (which also carries a high incidence of VUR) 
suggest that this group belongs to a spectrum of ureteric 
bud anomalies.** 


Genetics 


Although MCDK is generally regarded as a sporadic 
anomaly, its pattern of inheritance has not been 
systematically researched. Case reports of MCDK in 
siblings and other family members suggest that within the 
affected families, MCDK exhibits autosomal dominant 
inheritance with variable penetrance. 


Pathology 


Macroscopically, MCDK consists of an irregular 
aggregation of tense cysts of variable dimensions. The 
collecting system is absent or vestigial and the ureter at 
the level of the UPJ is atretic. Renal parenchyma is absent 
or limited on microscopy to vestigial plates of thinned 
dysplastic tissue interposed between the cysts. The cysts 
themselves are lined by cuboidal or flattened tubular 
epithelium. 


Incidence 


The incidence of bilateral MCDK is approximately 
1:15,000-1:20,000 pregnancies. 


Clinical Presentation 


Rarely, MCDK presents clinically as an abdominal mass in 
the neonatal period. The surface of an MCDK is typically 
irregular on palpations. The discovery of MCDK may also 
occur during routine evaluation. 


Prenatal Ultrasound 


Most prenatally detected MCDKs are detected on the 
initial fetal anomaly scan performed between 17 weeks 
and 19 weeks of gestation. The contralateral renal agenesis 
is associated with marked oligohydramnios on the second 
trimester scan at a time when parents can still have an 
opportunity for termination of pregnancy. 

With modern ultrasound equipment in the hands of an 
experienced ultrasonographer, MCDK can be diagnosed 
with a high degree of accuracy inutero. 


Postnatal Evaluation 


Renal Ultrasound 


The diagnostic features on postnatal ultrasound comprise 

of the following: 

e Presence of interfaces between the cysts 

e Lateral location of the largest cyst (in contrast with the 
dilated renal pelvis of gross hydronephrosis) 

e Absence of identifiable renal sinus 

e Multiplicity of noncommunicating, round cysts 

e Absence of parenchymal tissue. 


Isotope Renography 


Total absence of isotope uptake (i.e. 0% function) of 
technetium (99mTc) 99mTc-dimercaptosuccinic acid is 
a diagnostic feature of MCDK. In some centers, dynamic 
renography with 99mTc-mercaptoacetyltriglycine is 
preferred as this may yield additional information on 
drainage in the contralateral kidney. Coexisting urologic 
anomalies may be seen with MCDK. 


Vesicoureteric Reflux 


An incidence of contralateral or ipsilateral VUR of 18-43% 
has been reported at those centers in which every newborn 
infant with a prenatally detected MCDK is investigated by 
micturating cystourethrography. 


Contralateral Ureteropelvic Junction Obstruction 


The incidence of contralateral UPJ obstruction in infants 
with prenatally detected MCDK is between 5% and 10%. 
Diagnostic criteria are same as for other forms of prenatally 
detected UPJ obstruction. 


Principle of Management of Multicystic 
Dysplastic Kidney 


Abdominal Mass 


Elective nephrectomy is indicated in those infants whose 
MCDK presents with a sizeable mass in the neonatal 
period. Nephrectomy is also unquestionably justified in 
those rare instances when MCDK is genuinely associated 
with hypertension or some other complication. 
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Asymptomatic Prenatally Detected 
Multicystic Dysplastic Kidney 


The rationale for “prophylactic” nephrectomy for 
asymptomatic prenatally detected MCDKs is unclear. 


Natural History 


The potential of MCDKs to disappear completely on 
serial ultrasound scans has been well documented by 
several studies. Data from the American MCDK Registry 
indicate that approximately 50% of MCDKs can be 
expected to involute spontaneously in the first 5 years 
of life. 


Hypertension 


Unquestionably, MCDK is associated with a risk of 
hypertension. 


Malignancy 


Estimating the lifetime risk of developing malignancy 
in an asymptomatic MCDK is difficult, but the available 
evidence suggests a figure of about 1:2000 -1:3000. The risk 
of dying from an associated Wilms’ tumor in childhood is 
considerably less having been calculated as approximately 
1:20,000. 


Nonoperative Management of 
Multicystic Dysplastic Kidney 


Follow-up of MCDK comprises of further ultrasound 
scans at 6 months and 12 months of age with annual 
ultrasound scans thereafter until the age of 5 years. If 
the MCDK has disappeared on ultrasound by this stage, 
no further ultrasound follow-up is required. Even when 
residual appearances of MCDK are evident on ultrasound 
at this age, it is arguable whether further follow-up 
serves any purpose other than for clinical research. 
Blood pressure is checked annually, although it must be 
acknowledged that this can be technically problematic in 
infants or factious young children.*"! 


Surgery of Multicystic Dysplastic Kidney 


When indicated, nephrectomy can be accomplished through 
a small incision anterior to the 12th rib or ideally, via a 
posterior lumbotomy approach. Cyst puncture and aspiration 
of cyst fluid prior to mobilization and delivery of the kidney 
facilitates the use of a small incision. The benefits claimed for 
laparoscopic nephrectomy are unclear in view of the limited 
morbidity and discomfort associated with conventional 
extraperitoneal nephrectomy in this age group.'°"! 
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Mozzam Hossain 


Both, the autosomal dominant form of polycystic kidney 
disease (ADPKD) and the autosomal recessive polycystic 
kidney disease (ARPKD) are characterized by pathologic 
changes throughout the renal parenchyma of both the 
kidneys. The recessive form occurs in children, whereas 
the impact of ADPKD is borne mainly in adult life." 


AUTOSOMAL RECESSIVE POLYCYSTIC 
KIDNEY DISEASE 


A rare disorder, ARPKD has an estimated incidence 
between 1:10,000 and 1:40,000. 


Pathology 


Both kidneys are enlarged and the renal parenchyma is 
diffusely infiltrated with small cysts, typically less than 2 
mm in diameter. Invariably, ARPKD is accompanied by 
hepatic manifestations that include biliary dysgenesis and 
periportal fibrosis. 


Presentation 


On the basis of characteristic ultrasound findings, ARPKD 
can now be detected prenatally. If not detected prenatally, 
ARPKD usually presents in the neonatal period with palpable 
renal abdominal masses, respiratory insufficiency or clinical 
features of impaired renal function. Rarely, the underlying 
renal pathology remains undetected till later childhood 
when complications of liver involvement supervene. 


Diagnosis 
Ultrasound, intravenous urography and computed 
tomography (CT), all yield characteristic findings. 


Polycystic Kidney 
Disease 


Management 


Severely affected infants with pulmonary hypoplasia 
may require ventilatory support in the neonatal period. 
Management of ARPKD is primarily medical and aimed 
at actively treating hypertension and the complications 
of chronic renal failure, such as anemia, malnutrition and 
renal bone disease. The onset of end-stage renal failure, 
which is variable in timing, demands conventional renal 
replacement therapy with dialysis and transplantation.” ® 


Prognosis 


The presence or absence of pulmonary hypoplasia is now 
the main determinant of prognosis. For infants who survive 
the neonatal period, survival rate of 85% at 3 months, 79% 
at 12 months, 51% at 10 years and 46% at 15 years have 
been reported. 


AUTOSOMAL DOMINANT POLYCYSTIC 
KIDNEY DISEASE 


In contrast to ARPKD, the autosomal dominant variant is 
a common disorder that affects 1:500-1:1,000 individuals 
and accounts for approximately 10% of adults on end-stage 
renal failure programs. There is considerable individual 
variation in the natural history, rate of progression and 
severity of renal impairment. 


Pathology 


In adults, cysts lined by epithelium are interspersed 
throughout the renal cortex with compression and 
glomerulosclerosis of the intervening parenchyma. 
Multisystem involvement may include hepatic, pancreatic 
or splenic cysts and cerebral aneurysms. 
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Genetics 


The genetic basis for ADPKD has been established 
following the discovery of the PKD1 gene located on 
chromosome 16. A second mutation on chromosome 4 
has been implicated in minority of the cases. 


Presentation 


Ultrasound screening of the offspring and young family 
members of affected adults may reveal the presence of 
renal cysts at an asymptomatic stage. Most patients still 
present in adult life with hypertension or symptoms that 
relate to the enlarged cystic kidneys. A reliable diagnosis 
can be established on the basis of diagnostic imaging with 
ultrasound. 


Management 


Management is aimed principally at detecting and actively 
managing hypertension and metabolic manifestations of 
chronic renal insufficiency. Laparoscopic cyst deroofing 
becomes a therapeutic option in cyst with complications, 
such as calculi or hemorrhage. Nephrectomy is reserved 
for the severe cases.*” 


Prognosis 


It has been estimated that when ADPKD is diagnosed in an 
asymptomatic young adult, the risk of developing end-stage 
renal failure by the age of 40 years is less than 5%. 


MULTILOCULAR RENAL CYST 


It is unclear whether multilocular renal cyst, a rare renal 
lesion, represents a congenital anomaly or a benign form of 
acquired renal neoplasia. The age distribution is bimodal 
with one incidence peak in childhood and a second in 
mid-late adult life. Presenting symptoms in childhood 
include hematuria, pain or the discovery of an abdominal 
mass. The lesion is usually unilateral. The diagnosis is 
made by ultrasound and CT and in most circumstances 
the most appropriate treatment consists of nephrectomy 
rather than nephron sparing surgery. 


SOLITARY RENAL CYST 


Despite the frequency with which solitary (simple) renal 
cysts are diagnosed in adult urological practice, they are 


encountered in children only rarely. Thus, it can be inferred 
that solitary renal cysts in adults represent acquired rather 
than congenital renal pathology. 

When diagnosed in childhood, simple renal cysts 
are best managed conservatively. It is important that 
misguided intervention is not undertaken for unrelated 
symptoms, such as nonspecific abdominal pain 
incorrectly ascribed to the ultrasound finding of an 
asymptomatic cyst. 
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PRELUDE 


Shafiqul Haque, Matiur Rahman 


Nephroblastoma or Wilms’ tumor accounts for 95% of 
all urinary tract malignancies occurring in childhood, 
followed by renal cell carcinoma representing only 3%. 
Approximately, 500 new cases occur in US each year. 
Ninety percent of these occur in children under 7 years 
with a median age at diagnosis of 3 years. Nephroblastoma 
also referred to as renal embryoma, is believed to arise from 
abnormal proliferation of metanephric blastema within 
the kidney. It is of two varieties: one is sporadic with peak 
incidence at 3.5 years of age and the other is hereditary 
form (autosomal dominant) with a peak incidence at 2.5 
years of age. Hereditary form accounts for approximately 
15% of the cases and is associated with other anomalies 
including aniridia (1%), genitourinary defects (4%), 
macroglossia, neurofibromatosis, etc.*? 

There are no clear risk factors present in children 
who develop Wilms’ tumor; however, the following risk 
factors may make the disorder more likely to occur. Black 
children have a slightly higher risk of developing Wilms’ 
tumor. Asian-Americans appear to have a lower risk. It 
may run in families. 


ETIOLOGY 


Wilms’ tumor occurs more frequently in children with 

certain abnormalities present at birth including the 

following disorders: 

e Aniridia 

e Hemi hypertrophy 

e Undescended testicles 

e Hypospadias 
The following syndromes may be connected to the 

development of Wilms’ tumor: 

e WAGR’s syndrome may include Wilms’ tumor, aniridia, 
abnormalities of the genitals and urinary system and 
mental retardation. 


Wilms’ Tumor 


e Denys-Drash syndrome (DDS) may include Wilms’ 
tumor, kidney disease and male _pseudoher- 
maphroditism in which a boy is born with undeveloped 
genitalia and undescended testicles. 

e Beckwith-Wiedemann syndrome (BWS) may include 
omphalocele in which the abdomen fails to close 
around the base of the umbilical cord and abdominal 
organs protrude into the base of the cord, a large 
tongue (macroglossia) and enlarged internal organs.®* 


CAUSES 


The exact cause remains unknown. Deletions of Wilms’ 
tumor 1 (WT1) gene, located on chromosome 1lp, 
are found in patients with aniridia and Wilms’ tumor. 
Mutations of WT1 occur in DDS. WT1 is important 
for normal renal and gonadal development. A second 
Wilms’ tumor gene has been identified on chromosome 
11p15 and is associated with BWS. Loss of heterozygosity 
(LOH) for chromosomes 1p and 16q is associated with 
an increased risk for relapse and death in Wilms’ tumor 
patients. Local recurrence is increased in Wilms’ tumor 
patients with local tumor spillage and those who do not 
undergo regional lymph node sampling. The two-year 
survival rate after local recurrence is 43%. Congenital 
mesoblastic nephroma is the most common renal tumor 
in infants. Recurrence has been reported in infants older 
than 3 months with a cellular variant of the tumor.’ 


PATHOLOGY 


Wilms’ tumor is characteristically a solitary, unilateral 
mass with a fleshy tan cut surface and variable areas of 
hemorrhage and necrosis (Fig. 46.1). Venous invasion 
occurs in up to 20% of cases. Histologically, it is composed 
of primitive tubules and glomerular structures in a 
background of stromal components and undifferentiated 
blastemal tissue (Fig. 46.2). 
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Fig. 46. 1: A large Wilms’ tumor removed successfully 


Saab cca 

Fig. 46.2: Wilms’ tumor is a malignant tumor containing 
metanephric blastema, stromal and epithelial derivatives. 
Characteristic is the presence of abortive tubules and glomeruli 
surrounded by a spindled cell stroma. The stroma may include 
striated muscle, cartilage, bone, fat tissue and fibrous tissue. 
The tumor is compressing the normal kidney parenchyma. The 
mesenchymal component may include cells showing rhabdomyoid 
differentiation. The rhabdomyoid component may itself show 
features of malignancy (rhabdomyosarcomatous Wilms’) 


These three unfavorable histologic types comprise 

about 10% of all cases: 

1. Anaplasia 

2. Rhabdoid tumor 

3. Clear cell sarcoma (also known as bone metastasizing 
Wilms’ tumors). 

Favorable histologic types are: 

e Without anaplasia and include multilocular cysts 

e Congenital mesoblastic nephroma 

e Rhabdomyosarcoma tumor. 


Wilms’ tumors may be separated into two prognostic 

groups based on pathologic characteristics: 

1. Favorable: Contains well developed components. 

2. Anaplastic: Contains diffuse anaplasia (poorly 
developed cells). 

The nephroblastomatosis complex describes the finding 
of multifocal areas of primitive nephrogenic elements 
within the kidney, which are histologically identical to well- 
differentiated Wilms’ tumor. It is believed to be a precursor 
of Wilms’ tumor and is associated with bilateral disease in 
40% of cases. Karyotypic analysis of patients with various 
congenital malformations and LOH studies identified a 
gene associated with Wilms’ tumor in a region on the short 
arm of chromosome 11 band 13 (11p13). Major indicators 
of poor prognosis include unfavorable histology, distant 
metastases (lung, liver, bone, brain) and lymph node 
involvement at the time of diagnosis.** 


WORK-UP 


Ultrasound scan is the first study performed in most of the 
children with abdominal masses. It will confirm the solid 
nature of the lesion (Fig. 46.3). Doppler ultrasound is 
particularly helpful to exclude intracaval tumor extension, 
which occurs in 4% of Wilms’ tumor patients. 

Multislice computed tomography (CT) or magnetic 
resonance imaging (MRI) is the study of choice if extension 
of tumor into the inferior vena cava cannot be excluded 
by ultrasound. If preoperative imaging could accurately 
detect local extension of tumor beyond the renal capsule or 
into regional lymph nodes, it would obviate the concerns 
regarding staging in patients treated with preoperative 
therapy. The local tumor burden (e.g. regional lymph 


Fig. 46.3: Ultrasound picture of a kid with Wilms’ tumor 
presented as a solid renal mass 
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Fig. 46. 4: Computed tomography image of a child 
with Wilms’ tumor 


Box 46.1: Prognostic indicators 


node involvement) determines the intensity of the 
chemotherapy regimen and also whether a child receives 
abdominal irradiation. Regional adenopathy can be 
identified on CT/MRI (Fig. 46. 4). 

Other less clear prognostic factors include age (> 2 years), 
tumor weight (> 250 gm), extrarenal vessel extension, direct 
abdominal extension and operative spillage (Box 46.1). 


PRESENTATION 


Otherwise well-appearing children will present with an 
enlarging, smooth abdominal mass confined to one side 
of the abdomen with hypertension (60%) or microscopic 
hematuria (25%). Clinical features of Wilms’ tumor have 
been described in Table 46.1. The differential diagnosis 
for an abdominal mass in a child includes hydronephrosis, 
multicystic kidney disease, neuroblastoma, splenomegaly, 
lymphoma and mesenteric cysts (Box 46.2). 


Work-up 


Briefly obtain a complete blood count, urinalysis, liver 
function tests, blood urea nitrogen and creatinine. If 


Table 46.1: Clinical features of Wilms’ tumor 


Other features 


Common presentation 


Fever 
Weight loss 
Anemia 


Abdominal mass in over 90% 

Abdominal pain 

Hematuria 30% 

Hypertension 

Varicocele 

Acute abdominal crisis as a result of rupture 


Box 46.2: Differential diagnosis 


neuroblastoma is in question, urinary catecholamines 
and bone marrow studies should be carried out. 
The combination of excretory urography and renal 
ultrasound is usually adequate to establish the diagnosis 
and assess the involvement of inferior vena cava. A chest 
X-ray is essential to evaluate for pulmonary metastases, 
a poor prognostic indicator. Renal angiography is 
occasionally necessary if full assessment cannot be 
made by intravenous urography and ultrasound, as may 
occur with small lesions, bilateral involvement, involved 
horseshoe kidney or nonvisualization of the kidney. 

Preoperative needle biopsy is indicated in large 
size tumors for which preoperative chemotherapy or 
radiotherapy is planned; it is also indicated in tumor in 
single kidney, in bilateral involvement or in horseshoe 
kidney.” 


STAGING OF WILMS' TUMOR 


National Wilms’ tumor study staging system is best on 
surgical and pathological finding and has been accepted 
in most of the centers (Box 46.3). 


MANAGEMENT PRINCIPLES 


Due to effective, modern multimodal therapies including 
surgery, radiation and chemotherapy, 80-90% of children 
with Wilms’ tumor can be expected to survive. 


Surgery 


Radicalnephrectomyis the standard care of art of treatment 
of Wilms’ tumor. The various types of nephrectomy include: 
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Box 46.3: National Wilms’ Tumor Study—Staging of Wilms’ Tumor 


Simple Nephrectomy 

In this surgery, the surgeon removes the entire kidney. 
The remaining kidney can increase the size and efficiency 
described as compensatory hypertrophy. 


Nephron Sparing Surgery or Partial Nephrectomy 


Nephron sparing surgery or partial nephrectomy involves 
removal of the tumor and part of the kidney tissue 
surrounding it. It is usually performed when the other 
kidney is damaged or has already been removed. 


Radical Nephrectomy 


Radical nephrectomy is removal of the kidney and also 
includes surrounding tissues, ureter and adrenal gland. 
Neighboring lymph nodes may also be removed. A radical 
nephrectomy is unnecessary most of the time, but rather a 
simple nephrectomy is sufficient. The contralateral kidney 
must be inspected for bilaterality prior to proceeding 
with nephrectomy. Large tumors should be shrunk with 
chemotherapy and/or radiotherapy preoperatively. Patients 
with favorable histology (FH) can frequently be managed 
with tumor of preoperative chemotherapy followed by renal 
sparing surgery. A regional lymph node sampling should be 
performed for staging purposes.!™!? 


Radiotherapy 


Preoperative radiotherapy decreases the incidence of 
intraoperative tumor rupture but does not affect survival. 
Presently, postoperative radiotherapy (i.e. 2,000 rad to the 
flank) is routinely given to all nonstage I tumors and stage 
I tumors with unfavorable histology. 


Chemotherapy 


Group I children receive double agent chemotherapy (i.e. 
actinomycin D and vincristine) for 6 months resulting 


in 90% two-year survivals. Triple drug therapy [i.e. 
actinomycin D, vincristine and doxorubicin (adriamycin)] 
is recommended for nongroup I patients. 
e No chemotherapy or radiotherapy : 
— Stage I FH (< 2 years and < 550 gm) 
e Pulse intensive actinomycin D and vincristine for 18 
weeks, no radiation: 
— Stage I unfavorable histology (> 2 years or > 550 gm) 
— Stage II FH 
— Stage I anaplasia 
e Pulse intensive actinomycin D, vincristine and 
doxorubicin for 24 weeks, plus radiation 
— Stage II-IV focal anaplasia 
— Stage III-IV FH 
Actinomycin D, vincristine, doxorubicin, cyclopho- 
sphamide and etoposide plus radiation in all clear the cell 
sarcomas and selected anaplasia patients based on local 
tumor stage. Stage I-IV diffuses anaplasia and clear cell 
sarcoma kidney. 
e Carboplatin, etoposide and cyclophosphamide plus 
radiation. 


TREATMENT BY TYPE AND STAGE OF 
WILMS'’TUMOR 


Treatment protocol of a particular case is based on 
the stage of the cancer and also whether the histology 
is favorable or unfavorable. Usually surgery is done 
before chemotherapy in most cases but neoadjuvant 
chemotherapy may be required in some inoperable cases 
which may bring the tumor into a smaller size and may 
then become resectable. 


Stage | (Favorable or Unfavorable Histology) 


The standard treatment starts with radical nephrectomy. 
Kids younger than 2 years with small tumors (weighing less 
than 550 grams) with FH may not need further treatment, 
such as chemotherapy but they need to be watched closely 
because the chance of cancer to come back is slightly 
higher if they had chemotherapy. If there is recurrence, 
chemotherapy (actinomycin D and vincristine) is very 
likely to be effective at this point. 

In children older than 2 years and those of any age 
with larger tumors or unfavorable histology, surgery is 
usually followed by chemotherapy with actinomycin D 
(dactinomycin) and vincristine, which is given for 18 
weeks. These children with unfavorable histology may also 
be offered radiation therapy in addition to above. 
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Stage Il 


Favorable Histology 


The standard treatment is radical nephrectomy, followed 
by chemotherapy with actinomycin D and vincristine. 
Standard chemotherapy is given for 18 weeks. 


Unfavorable Histology with Focal Anaplasia 


The treatment begins with surgery (radical nephrectomy) 
and when the child recovers, radiation therapy is given to 
the abdomen for 6-7 days and following chemotherapy 
(doxorubicin, actinomycin D and vincristine) is given for 
about 6 months. 


Unfavorable Histology with Diffuse 
(Widespread) Anaplasia 


In these sub-set of patients, the radical nephrectomy and 
radiation therapy is offered first and then followed by 
more intense chemotherapy using the drugs vincristine, 
doxorubicin, etoposide and cyclophosphamide along with 
mesna (a drug that protects the bladder from the effects of 
cyclophosphamide), which are given for about 6 months. 


Stage Ill 
Favorable Histology 


The treatment is similar to stage II and usually begins with 
surgery (radical nephrectomy) and radiation therapy. It 
should be followed by chemotherapy with three drugs 
(actinomycin D, vincristine and doxorubicin) for about 
6 months. 


Unfavorable Histology with Focal (only a little) Anaplasia 


The treatment begins with surgery (radical nephrectomy) 
followed by radiation therapy and by chemotherapy, 
usually with three drugs (actinomycin D, vincristine and 
doxorubicin) for about 6 months. 


Neoadjuvant Chemotherapy 


Sometimes, the tumor may be very large or may have 
grown into nearby blood vessels or other structures so that 
it cannot be removed safely and in these, a short course of 
chemotherapy may be used to shrink the tumor. Normally, 
the tumor will shrink within several weeks so that a radical 
nephrectomy can be done. The chemotherapy starts again 
after surgery. 


Unfavorable Histology with Diffuse 
(Widespread) Anaplasia 


Similarly as stage III, the treatment begins with 
surgery (radical nephrectomy) followed by radiation 
therapy and is followed by chemotherapy usually with 
the drugs (vincristine, doxorubicin, etoposide and 
cyclophosphamide) along with mesna. 

Mesna prevents the induction of the bladder cancer 
following the administration of cyclophosphamide. The 
chemotherapy lasts for about 6 months. 

When there is no response or not enough response 
to chemotherapy then radiation therapy is given to 
shrink the tumor. In most of the cases, the tumor will 
shrink enough within several weeks so that a radical 
nephrectomy can be done. The chemotherapy will be 
started again after surgery. 


Stage IV 


Favorable Histology and Unfavorable Histology 
with Focal (only a little) Anaplasia 


Standard treatment is surgery (radical nephrectomy) 
followed by radiation of abdominal metastasis and if the 
cancer has spread to the lungs, low doses of radiation will 
also be given to that area followed by chemotherapy with 
three drugs (actinomycin D, vincristine and doxorubicin) 
for about 6 months. When the tumor is too large or has 
grown too extensively to be safely treated with surgery, 
chemotherapy and/or radiation therapy may be used first 
to shrink the tumor. Palliative cytoreductive surgery may 
be an option at this point. 


Stage V 


The treatment for children with tumors in both the 
kidneys is unique for each child, although it typically 
involves surgery, chemotherapy and radiation therapy 
at some point. Normally, the biopsies of tumors in 
both kidneys and lymph nodes are taken first. The 
chemotherapy is then given to try to shrink the tumors. 
All possible efforts should be taken to offer nephron 
sparing surgery so that enough normal kidney tissue can 
be left behind. For resudual cancer the treatment may 
include chemotherapy and radiation therapy. The child 
may need to be placed on dialysis, several times a week 
if enough normal kidney tissue could not be preserved. 
If there is no evidence of any cancer after a year or two, 
kidney transplantation may be done. 
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Recurrent Wilms’ Tumor 


Prognosis and treatment for children with Wilms’ tumor 

that recurs (comes back after treatment) depend on their 

prior treatment and the cancer’s histology (favorable or 

unfavorable). Outlook is generally better for recurrent 

Wilms’ tumor with the following features: 

e Favorable histology 

e Initial stage of or II 

e Initial chemotherapy with vincristine and actinomycin 
D only 

e No previous radiation therapy 

e Recurrence at least 12 months after initial diagnosis. 
The usual treatment for these children to remove 

recurrent cancer with radiation therapy and chemotherapy 

(often with different drugs from those used during first 

treatment) is surgery. The treatment for these children usually 

involves aggressive chemotherapy, such as the ifosfamide, 

carboplatin and etoposide regimen or others being studied 

in clinical trials. Repeated high-dose chemotherapy followed 

by a stem cell transplant (a bone marrow transplant) may 

also be an option in this situation.1"* 


Inoperable Tumors 


The decision of inoperability should not be based on 
preoperative imaging studies, in which local tumor 
extension can be overestimated. If the tumor is found to 
be unresectable at surgical exploration, pretreatment with 
chemotherapy almost always reduces the bulk of the tumor 
and renders it resectable. Patients who are staged by imaging 
studies alone and receive preoperative chemotherapy 
before nephrectomy are also at a risk of under staging. A 
patient determined to have an inoperable tumor should be 
considered to have stage III and be treated accordingly.** 


PROGNOSTIC FACTORS 


The traditional staging factors relied on in the past to 
predict risk for tumor progression or relapse, such as 
tumor size, histology and lymph node metastases, are now 
less able to stratify FH patients for treatment. 


Prognosis 


Treatment of Wilms’ tumor with multimodal approach 
significantly improved the outcomes. Four-year survival of 
patients with FH Wilms’ tumor is about 90%. The important 
negative prognostic factors remain the unfavorable 
histologic types. Patients with bilateral Wilms’ tumor have 
3-year survival rate of 82%.'° 
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PRELUDE 


Congenital ureteric obstruction may be extrinsic (e.g. 
retrocaval ureter) or intrinsic and may occur at any level in 
the ureter. Stenotic obstruction of the distal ureter accounts 
for the overwhelming majority of congenital ureteropelvic 
junction (UPJ) obstruction and vesicoureteral junction 
obstruction. 


URETEROPELVIC JUNCTION OBSTRUCTION 
Background 


The UPJ obstruction is defined as an obstruction of the 
flow of urine from the renal pelvis to the proximal ureter. 
Resultant back pressure within the renal pelvis may lead 
to progressive renal damage and deterioration. The UPJ 
obstruction presents most frequently in childhood, but 
adults and elderly individuals can also present with a 
primary obstructive lesion. But in adults, other etiologies 
for ureteral obstruction must be considered, including 
stones, ureteral compression due to extrinsic processes, 
retroperitoneal fibrosis and other inflammatory processes 
(Fig. 47.1).!? 

The obstruction ofthe UPJ can be congenital or acquired. 
It can cause significant obstruction of the affected kidney 
and may lead to loss of kidney function over time. The UPJ 
obstruction is defined as impaired urine flow from the 
pelvis into the proximal ureter with subsequent dilatation 
of the collecting system and the potential to damage 
the kidney. This is the most common cause of neonatal 
hydronephrosis. It has an overall incidence of 1:1500 and a 
ratio of males to females of 2:1 in newborns. 


Congenital Ureteral 
Obstruction (Congenital 
Pelviureteric Junction and 
Vesicoureteral Junction 
Obstruction) 


9999 


Normal kidney Mild Moderate Severe 


Fig. 47.1: Ureteropelvic junction obstruction and its grading 


Genetics 


Generally, UPJ obstruction behaves as a sporadic 
anomaly, but familial occurrence has been documented as 
associated with certain genetic syndromes (e.g. Johanson- 
Blizzard syndrome). There is a slight male predominance 
and the left kidney is more commonly affected than the 
right. 


Etiology 


The ureteral hypoplasia may result in abnormal peristalsis 
through the UPJ. Asymmetry of ureteral wall musculature 
may inhibit the natural peristaltic emptying of the renal 
pelvis into the ureter. Abnormal or high insertion of the 
ureter into the renal pelvis may alter the configuration and 
impair drainage of urine. 

Lower pole renal vessel or entrapment of the ureter 
by a vessel can prohibit urinary flow down the ureter. The 
vessels that wrap around the UPJ may be associated with 
obstruction or may be a product of renal dilatation and 
hydronephrosis that distorts renal vascular architecture. 
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The secondary UPJ obstruction can be caused by prior 
surgical intervention to treat other disorders (e.g. renal 
stone disease) or failed repair ofa primary UPJ obstruction. 
The obstructive lesion is usually secondary to ureteral 
wall and periurethral scar formation. The UPJ obstruction 
manifests bilaterally in 10% of the cases. 

All anomalies stated above, impair the drainage of 
urine from the kidney into the ureter resulting in elevated 
intrarenal back pressure, dilatation of the collecting 
system and hydronephrosis. 

Electron microscopy studies using three-dimensional 
techniques have shown that normal elasticity and 
distension of the renal pelvis are impaired secondary to 
rigid collagen bundling. The increased collagen deposition 
between smooth muscle cells result in wider cell to cell and 
nerve to cell distances. Absence of nerve tissues or neural 
depletion has also been reported. Immunohistochemical 
studies have shown decreased neuronal markers and 
nerve growth factors within the smooth muscle layer, thus 
impeding peristalsis. 

Search for reliable biomarkers for UPJ obstruction 
is on study. The epidermal growth factor, transforming 
growth factor-beta-1 and angiotensin 11 are some of the 
substances under investigation. 


Presentation 


The UPJ obstructions may be asymptomatic or they may 
present with pain, nausea, vomiting or urinary tract 
infections (UTIs). Many patients with symptomatic UPJ 
often complain of worsening pain after drinking large 
amount of fluid, especially alcohol which is diuretic and 
causes the kidney to fill with urine more quickly thereby 
worsening the distention. Age at presentation of UPJ 
obstruction is highly variable with some cases being 
diagnosed on prenatal ultrasonography and others not 
presenting until late in life, it is unclear exactly what 
triggers the onset of symptoms. 

Obstruction of the UPJ accounts for 35-50% of all 
significant prenatally detected uropathies. Asymptomatic, 
active or burned out UPJ obstruction may be detected 
incidentally in older children undergoing investigation for 
unrelated symptoms. 

e Neonatal abdominal mass (although hydronephrosis 
of this severity is usually already evident prenatally). 

e Urinary infection represents the most common form 
of presentation in infants and young children with 
previously unsuspected UPJ obstruction. 

e Pain associated with UPJ obstruction is typically 
localized to the loin but may (confusingly) be referred 
to the epigastrium or central abdomen; the duration 
and severity of pain, which is often accompanied 


by vomiting, serves to distinguish it from the more 
transient nonspecific abdominal pain of childhood. 

e Hallmark of urinary tract obstruction is dilation of 
the collecting system of the kidney which is known 
as hydronephrosis. There may be a lump or swelling 
typically causing pain in the flank or upper abdomen 
on the affected side. The pain may be severe enough to 
cause nausea or even vomiting. 

e Other modes of presentation, which include hematuria 
and hypertension. 


Work-up 


The neonates who present with hydronephrosis should 
be fully evaluated with voiding cystourethrography 
[(VCUG), to rule out vesicoureteral reflux] and renal 
ultrasonography soon after birth. The patients should also 
be placed on prophylactic antibiotics (amoxicillin 15 mg/ 
kg) to prevent UTIs, especially while diagnostic imaging 
is being performed. When the renal ultrasonography 
demonstrates hydronephrosis without reflux on VCUG, 
a diuretic renal scan [mercaptoacetyltriglycyine (MAG- 
3), diethylenetriaminepentaacetic acid (DTPA) or 
dimercaptosuccinic acid (DMSA)] should be performed to 
quantify relative renal function and to define the extent of 
obstruction. 

As the widespread use of ultrasonography during 
pregnancy is available widely, antenatal hydronephrosis is 
being detected with increasing frequency. New challenges 
are faced in the management of dilated upper urinary tract 
to decide about which child to be observed, which one to 
be managed medically and which one requires surgical 
intervention. Unfortunately, there is no single definitive 
test able to distinguish obstructive from nonobstructive 
cases. 


Antenatal Ultrasound 


Normally between the 16th week and 18th week of 
pregnancy, the kidneys are visualized routinely when 
almost all amniotic fluid consists of urine. Most sensitive 
time for fetal urinary tract evaluation is the 28th week. 
When dilatation is detected, ultrasound should focus on 
the laterality, severity of dilatation and echogenicity of 
the kidneys, hydronephrosis or hydroureteronephrosis, 
bladder volume and bladder emptying, sex of the child 
and amniotic fluid volume, respectively.*® 


Postnatal Ultrasound 


Imaging should be performed in all the cases of prenatally 
detected hydronephrosis. In severe cases (bilateral 
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dilatation, solitary kidney, oligohydramnios), immediate 
postnatal sonography is recommended. Ultrasound 
examination, the anteroposterior (AP) diameter of the 
renal pelvis, calyceal dilatation, kidney size, thickness of 
the parenchyma, cortical echogenicity, ureters, bladder 
wall and residual urine are assessed. 


Voiding Cystourethrogram 


All newborn with identified upper urinary tract 
dilatation should be reviewed by VCUG or micturating 
cystourethrography. The test may pick up vesicoureteral 
reflux, urethral valves, ureteroceles, diverticula and 
neurogenic bladder. For this high degree of sensitivity 
and specificity, the conventional VCUG is the method of 
choice for primary diagnostic procedures. 


Diuretic Renography 


The diuretic renography is the most commonly used 
diagnostic tool to detect the severity and functional 
significance of urine transport problems. Technetium 
(°°"Tc)-MAG3 is the radionuclide of choice. It should be 
performed under standardized circumstances (hydration, 
transurethral catheter) between the 4th week and 6th 
week of life. Demonstration of a washout response on 
diuretic renography is the evidence of nonobstructive 
dilatation. In such cases, follow-up imaging can be limited 
to ultrasound unless there is an evidence of increasing 
dilatation.” 


Management 
Prenatal Management 


In children, hydronephrotic kidney may still be capable of 
providing meaningful renal function, whereas a severely 
hypoplastic and dysplastic kidney may have a poor 
outlook. The intrauterine intervention is rarely indicated 
and should only be performed in well-experienced centers. 

Symptomatic patients need definitive repair but for the 
patients unable to undergo surgery, a ureteral stent or a 
nephrostomy may be placed to relieve the obstruction till 
the patient is ready for the definitive repair. 


Medical Therapy 


In kids with UPJ obstruction, medical therapy is focused 
on maintaining sterile urine, assessing renal function and 
the degree of hydronephrosis. Most children are treated 
conservatively and monitored closely. The intervention 
is indicated in the event of significantly impaired renal 


drainage or poor renal growth. Criteria for intervention 
in infants and children include ongoing parenchymal 
thinning with or without contralateral compensatory 
hypertrophy and the intervention is also indicated in those 
with pain, hypertension, hematuria, secondary renal 
calculi and recurrent UTIs. 


Surgical Therapy 


The surgical intervention to treat an obstructed UPJ is 
warranted, especially upon deterioration of renal function. 
Principles of surgical repair, as initially described by Foley, 
include the following: 

e Formation ofa funnel 

e Dependent drainage 

e Watertight anastomosis 

e Tension-free anastomosis 

e Splinting of the anastomosis with a stent. 

Gold standard treatment of UPJ obstruction is an 
Anderson-Hynes dismembered pyeloplasty and may be 
performed through a traditional open or laparoscopic 
approach. The laparoscopy has gained increasing 
acceptance. In some cases, the laparoscopic pyeloplasty 
is technically unfeasible in very small children and 
infants because of the space constraints. Success rate of 
dismembered pyeloplasty for treating an obstructed UPJ 
exceeds 95%. 

The laparoscopic pyeloplasty offers a minimally 
invasive treatment option that may be used in patients 
with either primary or secondary UPJ obstruction and is 
emerging as a new criterion standard in the treatment of 
UP] obstruction. The success rate is comparable with those 
of open pyeloplasty procedures and some studies have 
shown that laparoscopy offers the advantages of decreased 
morbidity, shorter hospital stay and quicker recovery. 
The laparoscopic pyeloplasty is a technically demanding 
procedure that generally requires significant laparoscopic 
experience. Currently, the robotic-assisted laparoscopic 
pyeloplasty has become increasingly popular as the robots 
have become more prevalent. Small intrarenal pelvis is a 
relative contraindication to laparoscopic pyeloplasty. 

Submitting a healthy asymptomatic infant to 
pyeloplasty is easier to justify when the diagnosis of 
obstruction is accompanied by evidence of impaired renal 
function in the affected kidney. However, in two-thirds of 
prenatally detected hydronephrotic kidneys, normal levels 
of renal function are preserved despite the evidence of 
obstruction as defined by isotope renography. Moreover, 
the potential for prenatally detected UPJ obstruction to 
resolve spontaneously in postnatal life is well documented. 

While the management of prenatally detected hydro- 
nephrosis continues to divide opinion, a broad consensus 
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has emerged in recent years. The indications and timing of 
pyeloplasty can be summarized as follows: 

e Functional impairment (differential function < 40%) 

e Gross hydronephrosis (AP diameter > 30 mm) 

e Risk of further rapid functional deterioration. 

Conservative managementis indicated ifthe differential 
function exceeds 40% and the maximum recorded AP 
diameter of the renal pelvis is less than 30 mm. 

Moderate hydronephrosis (AP diameter 20-30 
mm) poses a dilemma since a substantial proportion of 
the children with prenatally detected UPJ obstruction 
falls within this category. Conservative management 
comprises of antibiotic prophylaxis during the first year of 
life combined with follow-up protocol of ultrasound and 
isotope imaging. 


Indications for Pyeloplasty 


e Deteriorating renal function (falling to < 40% of 
follow-up) 

e Increasing dilatation 
deterioration of function) 

e Persisting obstruction with no evidence of improving 
drainage after 4-5 years of conservative management. 


(which often precedes 


Laparoscopic pyeloplasty: Laparoscopic pyeloplasty 
is gradually replacing open pyeloplasty as the criterion 
standard. Almost all large series report 95% success rate. 
Laparoscopic pyeloplasty can be offered to patients 
with severe hydronephrosis, crossing vessels and long- 
segment strictures, however, the significant learning 
curve associated with laparoscopic suturing has limited its 
widespread use (Figs 47.2A and B).° 


Robotic assisted laparoscopic pyeloplasty: Robotic 
assisted laparoscopic pyeloplasty is equally effective 
procedure carried out by the da Vinci robotic surgical 
system (Figs 47.3 and 47.4). The robotic system may 
offer several advantages to surgeons unskilled in 
laparoscopy, including increased degrees of suturing 
freedom, stereoscopic vision, tremor filtration and 
scaling. Results are similar to those of conventional 
laparoscopic pyeloplasty. Incorporation of robotic skills 
enables urologists with limited laparoscopic skills to offer 
minimally invasive options to their patients. 


Preoperative Details 


These include: 

e History and physical examination 

e Evaluation of complete blood count (CBC) count, 
electrolytes, renal function and coagulation profile 

e Radiographic and functional studies of the kidney in 
question 

e Evaluation of the normal contralateral kidney 

e Evaluation of periureteropelvic junction vascular 
anatomy 

e Anesthesia evaluation. 


Intraoperative Details 


These include: 


Techniques of surgical repair of an obstructed UPJ: One 
of the goals of laparoscopy is to mirror open techniques, 
so most of the principles of surgical repair apply to both. 
In addition to creating a funnel with dependent drainage, 


Figs 47.2A and B: (A) Site for laparoscopic port placement; (B) Laparoscopic pyeloplasty in progress 
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Fig. 47.4: Robotic pyeloplasty in progress 


care must be taken to minimize tissue handling and 
tension on the reconstructed UPJ. Whether to use ureteral 
stents or nephrostomy tubes after open or laparoscopic 
repair is based on personal preference. 


Principles of Endopyelotomy 


Endopyelotomy may be performed either antegrade or 
retrograde, ureteroscopically. A safety guidewire must 
be placed within the ureter prior to endoscopic incision. 
Intraluminal ultrasonography or preoperative imaging 
is essential to define periureteropelvic junction vascular 
anatomy. 


The endoscopic incision should be performed in full 
thickness through the UPJ and into perirenal fat with laser 
energy, electrocautery or an endoscopic scalpel. To ensure 
a proper incision, extravasation of contrast should be seen 
on pyelography during the procedure. The incision is most 
commonly performed posterolaterally. 

Balloon dilation is often performed after the incision 
is made to ensure completeness. Ureteral stenting for 
4-8 weeks after the endoscopic procedure is common, 
although no consensus exists regarding the size and 
duration of stents. 


Postoperative Details 


e Risk factors for failure after endopyelotomy include the 

following: 

— Length of UPJ obstruction 

— Diminished renal function (< 25%) 

— Massive hydronephrosis with a redundant renal 
pelvis 

— Crossing vessels 

— Crossing vessels with massive hydronephrosis 
(worst outcome). 


Management of Poorly Functioning Kidney 
(Differential Function < 15%) 


In the early days of prenatal diagnosis, percutaneous 
drainage was employed to demonstrate any potential for 
functional recovery of poorly functioning kidneys before 
a decision to proceed to nephrectomy. Apart from the 
technical difficulty in maintaining reliable percutaneous 
nephrostomy drainage in this age group, it soon became 
apparent that useful recovery of function rarely occurred 
in kidneys that have sustained a severe obstructive insult 
in utero. Nephrectomy is considered if the contralateral 
kidney is normal and when a differential function less than 
15% has been documented on °"Tc-DMSA (°"Tc-DTPA is 
unreliable for this purpose). Ideally, functional assessment 
should be carried out on more than one occasion.®* 


BILATERAL URETEROPELVIC JUNCTION 
OBSTRUCTION 


Differential isotope uptake ceases to be a reliable guide to 
renal function in the presence of bilateral renal pathology. 
In practice, bilateral PUJ obstruction is not usually of 
equal symmetric severity and isotope renography data 
are therefore of some value when considered within the 
context ofthe ultrasound findings. Bilateral PUJ obstruction 
is not necessarily a contraindication to conservative 
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management, but it may be more appropriate to manage 
the more severely hydronephrotic kidney surgically 
and the contralateral kidney. Occasionally, bilateral 
simultaneous or staged pyeloplasty may be required. Each 
case must be judged on its merits. 


Surgical Techniques 


The Anderson-Hynes procedure is employed almost 
universally in children (Figs 47.5A to C). An anterolateral 
extraperitoneal exposure is favored in infants in view 
of their broad subcostal angle, but a supra 12th rib loin 
incision is more appropriate in the older age group. The 
posterior lumbotomy incision undoubtedly results in less 
postoperative discomfort, but is less flexible if unexpected 
operative findings occur. Postoperative extrarenal 
drainage and a brief period of bladder catheter drainage 
generally suffice. After a pyeloplasty, the use of a temporary 
indwelling JJ stent is superseding external nephrostomy 
drainage. 8101 

Currently, increasingly more data have become 
available supporting the use of a laparoscopic or 
retroperitoneoscopic approach to achieve a dismembered 
pyeloplasty. Moreover, laparoscopic suturing has been 
improved by the use of robotics. However, these methods 
lack very long-term data and will require time to be fully 
proven.” 

The indications for surgical intervention are an 
impaired split renal function (< 40%), a decrease of split 
renal function of more than 10% in subsequent studies, 
increased AP diameter on the ultrasound and grade II 
and IV dilatation as defined by the society for fetal urology. 

Successful outcome is usually based on symptomatic 
improvement for the patient but may not include 
radiographic improvement. Ureteral stent is typically left 


E 
Figs 47.5A to C: Principles of Anderson-Hynes dismembered 
pyeloplasty 


in place for several weeks after a pyeloplasty to allow the 
reconstructed UPJ to heal. 

For the inactive kidneys, option may be simple 
observation to remove the kidney, especially if the patient 
has a history of recurrent UTIs and/or pain and it can be 
done either with a traditional open approach or may be 
done laparoscopically which offers more rapid recovery 
with improved cosmetic results." 


COMPLICATIONS 


The potential complications from open surgical 
pyeloplasty include UTI and pyelonephritis, urinary 
extravasation and leakage, recurrent UPJ obstruction or 
stricture formation. The treatment of urinary leakage is 
centered on catheter drainage, such as nephrostomy, 
ureteral stent or perianastomotic drain, to direct urine 
away from the perianastomotic tissues and to decrease the 
risk of postoperative stricture disease. 


OUTCOME AND PROGNOSIS 


The open and laparoscopic pyeloplasty yields long-term 
success rate that exceeds 95%. 


FUTURE AND CONTROVERSIES 


Future of treatment of UPJ obstruction will certainly 
include a broadening of the application of laparoscopic 
techniques. Since, the laparoscopic pyeloplasty has gained 
acceptance and the surgical experience has increased, the 
procedure has become shorter. Use of robotic assistance 
may broaden the application of laparoscopy. 


FOLLOW-UP 


An appropriate prophylactic antibiotic therapy should 
be given postoperatively. Removal of the stent may be 
done in about 6 weeks time. The follow-up should be with 
renal ultrasonography 1-3 months after surgery. Diuretic 
renogram and serial renal imaging is recommended for 
the first year after surgery. 
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An abdominal mass in children most commonly arises 
from the urinary tract or adrenals and should be worked 
up by an urologist. A hydronephrotic kidney secondary 
to ureteropelvic junction (UPJ) obstruction is the most 
common cause ofa unilateral abdominal mass in childhood 
followed by a multicystic kidney. A neuroblastoma 
or Wilms’ tumor is the most common cause of a solid 
abdominal mass in children.’ Differential diagnosis of the 
abdominal mass in children is shown in Table 48.1. 


Isteaq Ahmed Shameem 


IMAGING TECHNIQUES 


Ultrasound 


Ultrasound should be the first imaging study performed. 
It will provide differentiation of solid from fluid or blood- 
filled masses in most of the cases and give localization to a 
specific area of the abdomen. 


Intravenous Urography 


Intravenous urography is often unsatisfactory during the 
1st week of life because of the poor concentrating ability of 


Table 48.1: Differential diagnosis of the abdominal mass in 
children 


Cystic lesions Solid lesions 


Neuroblastoma 

Wilms’ tumor 
Mesoblastic nephroma 
Hepatoblastoma 


Hydronephrosis (UPJ obstruction) 
Multicystic kidney 

Adrenal hemorrhage 

Ovarian cyst 

Intestinal duplication/anomaly 
Mesenteric cyst 


Abbreviation: UPJ, ureteropelvic junction. 


Abdominal Masses 


in Children 


neonatal kidneys. However, it provides valuable anatomic 
and functional details for the diagnosis of renal masses. 
The addition of a Lasix washout test can help identify 
partial obstruction. 


Diethylenetriaminepentaacetic Acid Scan 


Diethylenetriaminepentaacetic acid renal scan with Lasix 
is an alternative first choice for the clearly cystic mass. It 
will give information on renal function and identify partial 
UPJ obstruction. 


Computed Tomography and 
Magnetic Resonance Imaging 


Computerized tomography will give more accurate 
anatomic localization of solid masses and help further to 
differentiate the equivocal masses as solid or cystic.” 


Micturating Cystourethrography 


Voiding cystourethrography should be performed on all 
the hydronephrotic masses to differentiate obstruction 
from reflux. 


Antegrade Studies 


Antegrade pyelography via a percutaneous nephrostomy 
is often helpful to determine the level of obstruction 
while providing urinary drainage and information on the 
potential for functional recovery of the kidney. 


Endoscopic Evaluation 


Cystoscopy with retrograde pyelography will provide 
information on the status of the lower ureter and bladder 
when needed. 
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Congenital anomaly presented with deficient anterior 
abdominal wall and bladder wall leading to exstrophy of the 
bladder in major cases and epispadiasis in minor cases. The 
exstrophy is a rare congenital defect resulting in a spectrum 
of anomalies of the urogenital and musculoskeletal system 
secondary to persistence of the cloacal membrane inutero. 
This clinical condition may occur in approximately 1 in 
30,000 live births with a male predominance in ratio of 3:1. 
Three major subgroups are recognized which represent 
different degrees of severity of the defect. 

During the early stages of development, there is no 
separation of the urinary and alimentary tracts (Fig. 
49.1). Acommon chamber known as cloaca is formed in 
the caudal region of the fetus. With further development, 
a septum (Toureux’s fold) or urorectal septum forms and 
divides the hind gut from an anterior chamber and the 
urogenital sinus and extends in a caudal direction. During 
this time, two tissue folds arise from the lateral sides of the 
cloaca (Rathke’s plicae) and these folds move medially 
toward each other to complete the separation of the hind 
gut from the urogenital sinus.’* 


Paddy Dewan 


CLOACAL EXSTROPHY (10%) 


It is the most severe and distressing of these defects. There 
is a massive defect of the anterior abdominal wall with 


Cloacal 
membrane 


Urogenital 
sinus 


Genital 
tubercle 


Cloaca 


Bladder Exstrophy 
Complex 


exposed bladder, ileocecal bowel and a short blind-ending 
colonic segment with imperforated anus (Fig. 49.2). 
Myelomeningoceles are present in 50% of the cases. The 
genital defects are severe and in male children who survive, 
gender reassignment is usually considered. The management 
of these severe problems has currently become a more 
aggressive reconstruction with some encouraging successes. 


CLASSICAL BLADDER EXSTROPHY (60%) 


These children presents as a protruding red mass in 
the suprapubic region, which is the exposed back wall 
and trigone of the bladder, and an epispadiac urethra 
leaking out urine. The associated defects include a widely 
separated pubic symphysis and lower rectus muscles, 
frequent bilateral indirect inguinal hernias and retractile 
testes and rectal prolapse in 15-20% cases (Fig. 49.3). 
Mostly the upper tracts are generally normal. 


EPISPADIAS (30%) 


The epispadias is a very rare congenital anomaly and 
the least severe form of exstrophy complex (Fig. 49.4). 
Malformed open urethra will lie on the dorsal surface of 
the penis, and diastasis of the symphysis pubis and rectus 
muscles commonly occurs and predominantly afflicts 
males in ratio of 5:1. 


Penis 


Urethra 


Anus 


Fig. 49.1: Stages of development of urinary bladder 
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Fig. 49.2: Cloacal exstrophy 


Fig. 49.3: Figure showing a male infant born with bladder 
exstrophy. The bladder mucosa is everted and lies on the abdomen. 
Both ureteric orifices lie on the exstrophic bladder. Notice that the 
penis is shortened and that there is no urethral meatus. His urethra 
is actually a plate of deep red mucosa lying on the dorsal penis. 
This is called epispadias. His bladder was closed by inverting the 
bladder plate and sewing it closed into a sphere. Later, his urethra 
will be reconstructed 


The epispadias or anterior cleaving of partial length 
or total length of urethra is the least severe defect with or 
without a separation of the pubic symphysis. About 90% 
will have vesicoureteral reflux and 75% will present with 
incontinence. Three types are recognized: (1) distal penile; 
(2) penopubic and; (3) sphincteric. Reconstruction with 
Ransley’s technique gives good results. 


A 


Fig. 49.4: Epispadias 


Classification 


Male 


Glanular epispadias (15%): Only a minor urethral defect 
is seen on the dorsum of the glans penis. 


Penile epispadias (25%): The defect is an open distal 
urethra on the dorsal surface of the penis. 


Penopubic epispadias (60%): The entire urethra opens 
along the dorsal surface of the penis. Pubic symphysis 
is separated and urinary incontinence is the rule with 
a dorsal penile chordee. A portion of the bladder may 
prolapse through the wide-open prostatic urethra. In 
female, the labia will not be fused and the clitoris is 
bifid. 


Female 


e Large platulous urethra 
e Splitting of urethra 
e Urethral defect involving the sphincter. 


Associated Anomalies 


Frequently, the bladder exstrophy is associated with 
the deformities like imperforate anus, inguinal hernia, 
epispadias, dorsal chordee, cryptorchidism, pelvic 
diastesis and genital abnormalities like short phallus, split 
clitoris, vaginal and uterine duplication (Box 49.1). 
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Box 49.1: Commonly associated abnormalities in exstrophy 
epispadias 


Management 


Management is dictated by the degree of deformity. 
Fundamental aims of reconstructive surgery are: 

e To achieve urinary continence 

e Cosmetically acceptable genitalia. 

The glanular and penile epispadias will require 
elective urethroplasty, and the penopubic epispadias with 
incontinence will require more extensive reconstruction 
similar to classical exstrophy and usually includes a Young- 
Dees-Lead better bladder neck plasty, urethroplasty, 
phalloplasty and ureteral reimplants as needed. The 
continence rate in these cases can be achieved in 60-70%. 


Results of Reconstruction 


Excellent reconstruction is possible in glanular and penile 
epispadias. Penopubic variety needs more experienced 
hand for good continence and good looking or near 
straight penis. 


Epispadias Presented in Childhood 


Ideally, the bladder should be closed preferably with 
bladder neck reconstruction within 24 hours of birth 
with or without anterior or posterior iliac osteotomy. The 
associated epispadias repair should be done in males at 2 
years. 


Epispadias Presented in Adult 


When the exstrophy bladder is presented to the urologist 
in adult age, the practical management is to provide a 
continent type of urinary diversion, of which Mainz II 
pouch is a popular method.** 


DIAGNOSIS OF BLADDER EXSTROPHY 


Antenatally, the diagnosis can be made confidently by 
ultrasound which may show little or no bladder filling 
and no anterior bladder wall. Postnatally, the diagnosis is 
made clinical. 


MANAGEMENT OF BLADDER EXSTROPHY 


The aims of management are: 

e To achieve an abdominal wall closure 

e To provide continence 

e To preserve renal function 

e To construct a cosmetically acceptable phallus in male. 
The overall principle of treatment involves adequate 

counseling of the parents about the outcome of the staged 

reconstruction, which may take years.**"° 


PROGNOSIS AND NATURAL HISTORY 


Prognosis for patients with classical bladder exstrophy is 
excellent with normal life expectancies and good quality 
of life. Patients with extrophy always deserve an attempt 
at staged functional reconstruction, preferably in the first 
48 hours of life to minimize bladder damage secondary 
to environmental exposure and to avoid the need for 
iliac osteotomies. To obtain the maximum functional 
results, these babies should be referred to a high volume 
pediatric urology center. Long-term survival of the babies 
born with exstrophy is over 70%. Urinary continence can 
be achieved in over 80% of the cases. The fertility remains 
normal in most of the cases. Other rare tumors include 
squamous cell carcinoma, rhabdomyosarcoma and 
undifferentiated urothelial carcinoma. Adenocarcinomas 
are 400 times more common in these patients. A close 
follow-up should be organized to detect these cancers 
early.” 
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The urachus is a tubular structure extending from the 
anterior bladder wall to the umbilicus. It lies on the 
anterior abdominal wall between the two umbilical 
arteries in the space of Retzius between the peritoneum 
and transversalis fascia. It normally involutes into a solid 
cord by the 4th month or 5th month of gestation. 
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PATENT URACHUS 


A patent urachus is a rare congenital anomaly in which 
there is failure of the urachus to involute, resulting in 
an open communication between the bladder and the 
umbilicus. It presents in the neonatal period with constant 
or intermittent leakage of urine from the umbilicus 
(Fig. 50.1). 


Umbilicus 


p Uninterrupted 
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Fig. 50.1: Patent urachus. In patent urachus a lumen remains 
over the whole length of the urachus because the atrophy of the 
allantois fails to take place resulting a urachal fistula. The urine 
flows from the bladder directly through the umbilicus 


Diseases of Urachus 


Diagnosis 

Measure the blood urea nitrogen and creatinine of 
the leaking fluid, do a micturating cystourethrogram 
(MCU) and fill the bladder with methylene blue which 
may leak through the patent urachus to document the 
communication. 


Treatment 


Spontaneous closure may occur, if leakage is small; 
otherwise, complete excision of the tract is usually required. 


URACHAL CYST 


Urachal cyst develops in a partially obliterated urachus, 
usually in the lower third. It presents commonly in adult life 
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Fig. 50.2: Urachal cyst is found somewhere along the allantois 
canal. The cyst has a small connection to the bladder and can 
become infected, leading to its diagnosis 
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with suprapubic pain, tenderness, fever, voiding symptoms 
and a palpable mass. The diagnosis is made by ultrasound, 
intravenous urethrogram and MCU. Treatment consists of 
incision and drainage or marsupialization with delayed 
excision (Fig. 50.2). 
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The Prune Belly syndrome (Fig. 51.1) (also known as 
Eagle-Barrett syndrome) is a rare congenital anomaly 
in which there is failure of normal development of the 
abdominal muscles, and the smooth muscle of the ureters 
and bladder with an incidence of 1 in 50,000 live births, 
occurring almost exclusively in males (only 3% in females). 
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MAJOR CHARACTERISTICS 


Abdominal wall defect from muscular deficiency; ranging 
from partial hypoplasia to complete absence, giving the 
classic wrinkled appearance with bulging flanks. There 
may be dilated and tortuous ureters, particularly at 
the lower end with accompanying reflux in most of the 
cases. Asymmetric renal dysplasia and hydronephrosis 
are commonly associated. Cryptorchidism with bilateral 
intra-abdominal testes (orchiopexy) is difficult because of 
short spermatic vessels frequently found in these children. 


Fig. 51.1: Lax abdominal wall seen in Prune Belly syndrome 


Prune Belly Syndrome 


Wide and dilated bladder neck and posterior urethra 
secondary to prostatic hypoplasia urethral valves are rare. 
Occasionally, urethral atresia is found usually associated 
with a patent urachus. Very large, thick-walled, irregularly 
shaped bladder usually with a pseudodiverticulum at the 
dome and widely separated refluxing ureteral orifices may 
be associated with this condition.” 


ASSOCIATED ANOMALIES 


Associated anomalies include frequent malrotation of the 
gastrointestinal tract and occasionally imperforate anus. 
Cardiac abnormalities (in 10%) include ventricular septal 
defects, atrial septal defects and tetralogy of fallot. 

Pulmonary complications include pulmonary 
hypoplasia, secondary to severe renal dysplasia and 
oligohydramnios (Table 51.1). 


MANAGEMENT (FIG. 51.2) 


Most patients present in the neonatal period. Rarely, there 
is a urologic emergency. Category I infants usually will not 
survive because of the severe pulmonary hypoplasia and 
renal dysplasia. Category III infants do well and need little 
urologic intervention. Management of category II infants 
focuses on their predisposition to urinary stasis and 
infection with potential renal deterioration. 


Table 51.1: Classification of pulmonary complications 


Category! Most severe form with oligohydramnios and pul- 
monary hypoplasia. Prognosis is poor, no surgical 


intervention 


Category Il 


Classic features with uropathy and mild or unilateral 
renal dysplasia 


Category III Mild external features and uropathy with stable renal 


function 
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Fig. 51.2: On CT, the right kidney and the pelvis of this patient 
with Prune Belly syndrome fills the entire abdomen 


WORK-UP (FIG. 51.2) 


Electrolytes, blood urea nitrogen, creatinine, urine 
cultures, chest X-ray, abdominal ultrasound, renal scan 
and intravenous urethrogram should be done early. 
A voiding cystourethrogram may be indicated, if early 
surgery is considered; however, instrumentation of the 
lower urinary tract should be avoided because of the 
increased risk of infection. 


TREATMENT (FIGS 51.3A TO D) 


Maintain renal function and avoid infection. If urinary 
drainage is needed because of infection, a cutaneous 
vesicostomy or loop cutaneous ureterostomies (if the 
ureters are extremely dilated and tortuous) should be 
employed. Orchiopexy and ureteroplasty are usually 
attempted. Reduction cystoplasty is sometimes useful. 
Plastic repair of the abdominal wall improves the body 
image. Long-term surveillance is mandatory.’ 


Figs 51.3A to D: Extraperitoneal plication technique of abdominal 
wall reconstruction in Prune Belly syndrome. (A) Abdominal wall is 
grasped in midline with towel clips and pulled up until taut; (B) 
Elliptical incision is made around base of redundant abdominal 
skin with preservation of umbilical island, and excess abdominal 
skin is sharply dissected from underlying fascial plate; (C) Full- 
thickness vertical fascial folds are isolated on both sides of midline; 
(D) Apices of fascial folds are placed in midline, and sutured to 
each other and along linea alba 
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The vesicoureteric reflux (VUR) is defined as the backflow 
ofurine from the urinary bladder into the ureter or the renal 
pelvis and the calyces during micturition. The primary VUR 
is a congenital anomaly of the ureterovesical junction with 
a genetic basis, and the secondary reflux is caused by an 
anatomical or functional bladder outflow obstruction and 
subsequently elevated pressures or inflammatory diseases. 

Vesicoureteric reflux is frequently associated with 
recurrenturinarytractinfections and may cause a particular 
form of renal damage known as reflux nephropathy (RN). 
Due to its pathogenic role in RN, early recognition and 
eradication are essential in order to prevent hypertension 
and renal failure.’ 


Paddy Dewan 


INCIDENCE 


The incidence of reflux is higher in boys than in girls, 
but later in life, girls are approximately 4-6 times more 
frequently affected than boys. It may be diagnosed prenatally 
as hydronephrosis as VUR with a frequency of 17-37%. 
Approximately, one third of children with symptomatic 
VUR have radiological evidence of renal scarring, resulting 
from congenital dysplasia and/or acquired postinfectious 
damage. The intrarenal reflux (IRR) ofinfected urine appears 
to be primarily responsible for the renal damage (Fig. 52.1). 

The RN may be the most common cause of childhood 
hypertension. Follow-up studies show that about 10-20% 
of children with RN develop hypertension or end-stage 
renal disease. Management of the affected children has 
been directed at preventing infection and permanent 
renal parenchymal damage and its late complications by 
antibiotic prophylaxis and/or surgical correction of reflux 
(Box 52.1).5° 


PATHOPHYSIOLOGY 


The most distal 13 mm of the ureter in adults lies 
intravesically (5 mm in neonates), including an intramural 


Vesicoureteric Reflux 


Fig. 52.1: Micturating cystourethrogram showing 
vesicoureteric reflux 


Box 52.1: Key points of vesicoureteric reflux 


segment within the muscular wall of the bladder and a 
submucosal segment lies just beneath the bladder mucosa 
and acts as a passive flap valve mechanism to prevent 
reflux. The ratio between the length of the submucosal 
segment and the diameter of the ureter (normal 4:1 or 5:1) 
is believed to be an important factor for normal function of 
the antireflux mechanism. Active peristalsis of the ureter 
also acts to prevent reflux (Fig. 52.2).” 

Normal oblique insertion of the ureter through the 
bladder wall causes ureteric occlusion during bladder 
contraction and in VUR, there is a structural abnormality 
of the intramural ureter allowing reflux of urine from the 
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Bladder 
(emptying) 


Normal 


Fig. 52.3: The oblique insertion of the ureter performs as a 
physiological valve. As the bladder fills and contracts the intramural 
part of the ureter becomes closed to prevent any reflux up in the 
upper tract 


bladder to the kidney. This abnormal injection of infected 
urine, a chronic interstitial nephritis is established leading 
to further renal deterioration and this may cause focal 
scars and initiate a slowly progressive renal deterioration 
(Fig. 52.3). 


CAUSES 
Causes of VUR are described in Box 52.2. 


Megacystis-Megaureter Syndrome 


The megacystis-megaureter syndrome, first described 
by Williams in 1954, is a condition characterized by a 
large capacity, smooth, thin-walled bladder and massive 
vesicoureteric reflux in children. The massively dilated 
ureters and large capacity bladder are a result of the 


Reflux 
Fig. 52.2: Pathophysiology of vesicoureteric reflux (Source: Neil Turner. Adapted from www.edren.org) 


constant recycling of large volumes of refluxed urine. The 
syndrome is not a problem of bladder outlet obstruction 
or neurogenic bladder but is caused by massive primary 
vesicoureteric reflux. Therapy should be directed at 
correction of the reflux.” 


CONSEQUENCES 


Persistent VUR has been associated with renal damage, 
pyelonephritic scarring and eventually RN with impaired 
renal function, hypertension and proteinuria. Experimental 
and clinical data suggest that the combination of VUR and 
IRR of infected urine into the collecting tubules of the 
nephron is necessary for renal damage to occur.'*'® 


INCIDENCE 


The incidence of VURin the general population is estimated 
to be less than 2%. However, in children investigated, 
because of UTI, the incidence is between 30% and 50% and 
decreases with advancing age. 


GRADING SYSTEM 


The international grading system for reflux is based 
primarily on the radiographic appearance of the calyces 
on micturating cystogram. 


Box 52.2: Causes of vesicoureteric reflex 
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Grade III 


Grade IV 


Fig. 52.4: Vesicoureteric reflux is graded according to how far urine washes back into the ureter. (Grade I) Urine washes back into only 
part of the ureter; (Grade Il) Urine fills the entire ureter and the collecting segment of the kidney (pelvis); (Grade III) Urine washes back 
through the entire ureter to fill the pelvis and stretches these structures; (Grades IV and V) The kidney and ureter are distended with urine. 


Kidney damage often results 


International Reflux Study Committee (IRSC) 
introduced a uniform system for the classification of 
VUR in 1985. Grading system combines two earlier 
classifications and is based upon the extent of retrograde 
filling and dilatation of the ureter, the renal pelvis and the 
calyces on a voiding cystourethrogram (VCUG).°° 
Grading system for VUR, according to the International 
Reflux Study Committee is described as follows (Fig. 52.4): 
e Grade I: Minor degrees of ureteral dilatation 
e Grade II: Reflux reaches the renal pelvis; no dilatation 
of the collecting system; normal fornices 
e Grade III: Dilatation of the ureter with or without 
kinking; moderate dilatation of the collecting system; 
normal or minimally deformed fornices 

e Grade IV: Moderate dilatation of the collecting system; 
blunt fornices, but impressions of the papillae are still 
visible 

e Grade V: Gross dilatation and kinking of the ureter, 
marked dilatation of the collecting system; papillary 
impressions are no longer visible; intraparenchymal 

reflux (Fig. 52.5). 


DIAGNOSIS 


The principal diagnostic test for evaluating VUR is the 
VCUG. A nuclear cystogram is a good alternative and is 
more sensitive for picking-up low-grade reflux; however, 
it does not give the anatomic details of a VCUG. An 
intravenous urography should also be a part of the workup 
to evaluate the upper tracts for evidence of scarring. 


A 


Fig. 52.5: Micturating cystourethrogram demonstrates bilateral 
grade V vesicoureteric reflux (Source: Adapted from www.images. 
radiopaedia.org) 


Cystoscopy should be done ifsignificant reflux (i.e. grade III 
or greater) is noted so that the position and configuration 
of the ureteral orifices can be determined. Urinalysis and 
culture are needed to exclude infection. 


WORK-UP 


Workup comprises of a detailed medical history, physical 
examination, urinalysis, urine culture and if renal function 
needs to be assessed, serum creatinine level is also 


Chapter 52 Vesicoureteric Reflux 


required. The diagnostic imaging for VUR encompasses 
both radiological and sonographic modalities. The 
radiological modalities comprise of micturition 
cystourethrography (MCU), the most widespread method 
for examination of reflux and radionuclide cystography. 
The MCU allows the grade of reflux to be determined (in 
a single or duplex system) and the assessment of bladder 
and ureteral configuration. In addition to this, MCU is the 
study of choice for imaging the urethra. 

Sonographic diagnosis of VUR with intravesical 
administration of an ultrasound contrast agent (voiding 
urosonography) is mostly used as the primary reflux 
examination modality in girls and during follow-up. 

Dimercaptosuccinic acid (DMSA) is the best nuclear 
agent for visualizing cortical tissue, evaluating renal 
parenchyma and documenting the presence of renal 
scars. The children with normal DMSA during an acute 
infection have a low risk of renal damage. Kids with normal 
follow-up DMSA and low-grade VUR have more frequent 
spontaneous resolution of VUR. 

In patients with incontinence or residual urine, 
urodynamic studies can be performed to reveal functional 
abnormalities of the lower urinary tract. This test is most 
important in patients in whom secondary refluxis suspected, 
such as patients with spina bifida or boys whose MCU is 
suggestive of residual posterior urethral valves. But in most 
cases of non-neurogenic voiding dysfunction, diagnosis 
and follow-up can be limited to noninvasive tests like 
voiding charts, ultrasound and uroflowmetry (ultrasound 
cystodynamogram). Adequate management of voiding 
dysfunction will often result in the resolution of reflux. 


Position and shape ofthe ureteral orifices were thoughtto 
correlate with the grade and prognosis can be seen through 
cystoscope easily and considered to be an important tool 
for evaluation, but subsequent data have demonstrated that 
cystoscopic observations do not contribute significantly to 
the outcome of management (Fig. 52.6). The cystoscopy 
may be performed at the time of open surgery to identify 
additional anatomical abnormalities, such as ureteral 
duplication and ureteral ectopia.” 


MANAGEMENT 


Objective of the treatment of VUR is to allow normal renal 
growth and to prevent permanent renal parenchymal 
damage and its late complications (RN). There is no single 
therapeutic strategy for all clinical settings of VUR. 

The therapeutic options comprise of conservative 
(medical) management including antibiotic prophylaxis 
and interventional approaches (i.e. endoscopic subureteral 
injection, laparoscopic or open surgical correction of 
reflux), in isolation or combined. 

Management of patients is based on the observation 
that VUR has a natural tendency for spontaneous 
resolution. The surgical correction can often be avoided 
by maintaining the patient on careful medical surveillance 
and continuous antibiotic prophylaxis to prevent 
secondary renal damage. Decision for medical versus 
surgical management is made after a careful diagnostic 
evaluation with particular focus on the grade of reflux, the 
length of the submucosal tunnel, the configuration of the 
orifice and the age of the patient.**° 


Fig. 52.6: Endoscopic picture of the distorted ureteric orifice (Source: Adapted from 
www.urology.jhu.edu/pediatric/diseases/img/reflux6.jpg) 
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Medical Treatment 


The goal of medical treatment is to maintain an infection- 
free urinary tract. Medical management consists of 
continuous low-dose antibiotic prophylaxis; regular 
urine cultures (at least every 3 months), a yearly nuclear 
cystogram and a limited excretory urogram every 1-2 years. 
Medical surveillance is appropriate for young children with 
mild-to-moderate grade of reflux (I-III) and a relatively 
normal configuration of the ureteral orifice. Constipation 
should be actively treated. Constipation and crying raises 
the intravesical pressure and may worsen the VUR. Most 
of the VUR resolves spontaneously. Remaining cases can 
be maintained in the infection-free state with low-dose 
antibiotics prophylaxis. With the above program, less number 
of cases of VUR require surgical correction nowadays. 


Indications for Antibiotic Prophylaxis 


Children without renal scarring at diagnosis 

e Diagnosis made in infancy: All patients diagnosed at 
infancy (i.e. less than 1 year) with grades I-V reflux 
should be treated initially with continuous prophylactic 
antibiotics. 

e Diagnosis made in children aged 1-5 years: Unilateral 
and/or bilateral grades I-IV reflux or unilateral grades 
II-V reflux are diagnosed in children aged 1-5 years, 
they should be treated initially with continuous 
prophylactic antibiotics. 

e Diagnosis made in children aged 6-10 years: The 
children diagnosed at age 6-10 years with unilateral 
and/or bilateral grades I-II reflux and unilateral grades 
II-IV reflux should be treated initially with continuous 
antibiotic prophylaxis. 


Children with renal scarring at diagnosis 

e Diagnosis made in infancy: The infants (i.e. less than 1 
year) with scarring at diagnosis and grades I-V reflux 
should be treated initially with continuous antibiotic 
prophylaxis. 

e Diagnosismade in children aged 1-5 years: The antibiotic 
prophylaxis is the preferred option for preschool-aged 
children with renal scarring at diagnosis, unilateral 
and/or bilateral grades I-II reflux, unilateral grades IN- 
IV reflux and bilateral grades III-IV reflux. 

e Diagnosis made in children aged 6-10 years: Unilateral 
and/or bilateral grades I-II reflux or unilateral grades 
III-IV reflux, antibiotic therapy is the preferred 
treatment option. 


Correcting the voiding dysfunction with change of lifestyle 
Adjunctive measures fora bladderregimen include “behavior 
modification protocol” to ensure that the child empties his/ 
her bladder completely at regular intervals (every 3 hours), 
adequate hydration and constipation prevention. 

Timed voiding with or without biofeedback, a regular 
bowel regimen and intermittent catheterization are the 
cornerstones of treating dysfunctional voiding due to 
Hinman syndrome. 

Children with detrusor instability are treated with 
anticholinergic medications, fluid intake monitoring and 
timed voiding observation. Ensure that the anticholinergic 
therapy does not exacerbate pre-existing constipation. 

Spontaneous resolution rate decreases as patient 
age increases and with higher grades of reflux. Surgical 
intervention will be indicated in children with reflux that 
has persisted for more than 3 years with no improvement 
in the grade of reflux if it is grade II or greater. 

Hydronephrosis observed on prenatal ultrasonography 
may be the first indication of VUR. Such neonates 
should receive antibiotic prophylaxis (i.e. amoxicillin) 
and undergo VCUG within the lst month after birth. At 
approximately 4 weeks, obtain a nuclear renal scan (i.e. 
DMSA) if high-grade (IV or V) reflux is found. 


Surgical Treatment 


The surgery for reflux is called a reimplantation of the 
ureter into the bladder. The surgical therapy options 
also include open surgical procedures and endoscopic 
injection of a bulking agent. 

Philosophy of surgical management is based on the 
knowledge that high-grade reflux and persistent reflux in 
adolescents is not likely to resolve with continued medical 
therapy, especially in grade III reflux or greater. 


Indications for Surgery 


In patients diagnosed with VUR in infancy (i.e. less than 
1 year), the consensus is lacking regarding the role of 
continued antibiotic therapy versus surgery for those with 
persistent grades I-II reflux after a period of antibiotic 
prophylaxis. The surgical repair may be recommended in 
patients with persistent unilateral grades IV-V reflux or 
bilateral grades II-V reflux. 

In patients diagnosed with VUR at the age of 1-5 years, 
continuous antibiotic prophylaxis is the preferred option 
as an initial therapy for those with unilateral grade V 
reflux; however, surgical repair is a reasonable alternative 
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for grades IV and V reflux. But in patients with bilateral 
grade V reflux, surgical repair is recommended. Surgery 
is also recommended for children with persistent grades 
II-V reflux in whom antibiotic therapy has not kept 
them infection free. The endoscopic treatment may be 
recommended in children with grades III-IV, but following 
this treatment, who have not shown any improvement in 
the reflux grade, surgical reconstruction of VUR would be 
the method of choice of the treatment. 

Patients diagnosed with bilateral grades II-IV reflux 
at the age of 6-10 years, surgical repair is the preferred 
option, although continuous antibiotics are a reasonable 
alternative. The patients with grade V reflux should undergo 
surgical repair. In patients with persistent grades I-II 
reflux after a period of antibiotic prophylaxis, consensus 
is lacking regarding the role of continued antibiotics 
versus surgery. Surgery is an option for persistent reflux in 
children with grades III-IV reflux in whom initial antibiotic 
therapy has failed. 

Children diagnosed in infancy (less than 1 year) 
with grade V reflux and scarring, continuous antibiotic 
prophylaxis is the preferred option as an initial treatment; 
primary surgical repair is a reasonable alternative. If the 
kidney is noted to have poor function (< 15% on DMSA 
scan), consider removing the kidney and the ureter down 
to the bladder. 

Boys with persistent unilateral grades III-IV reflux, 
surgical repair is the preferred option and it is also 
indicated in boys with persistent bilateral grades II-IV 
reflux, girls with persistent unilateral and/or bilateral 
grades III-IV reflux, and any children with persistent grade 
V reflux should undergo surgical repair with an option for 
endoscopic treatment in grades II-IV. 


Ifthe VUR is secondary, the objective of management is 
treatment of the underlying condition. When VUR persists 
after surgical reconstruction, the principle is to reconstruct 
the VUR again to conserve the existing functional tissue 
and the management depends on the individual clinical 
setting (Box 52.3). 

The success rate for antireflux procedures is more than 
90% in experienced hands. 


Endoscopic Treatment 


Principle of the endoscopic procedure is to inject a 
biocompatible bulking agent underneath the intravesical 
portion of the ureter in a submucosal location under 
cystoscopic guidance. Bulking agent elevates the ureteral 
orifice and distal ureter in such a way that the lumen is 
narrowed, preventing regurgitation of urine up the ureter 
but still allowing its antegrade flow (Fig. 52.7). 

Several bulking agents have been used over the time 
and these include polytetrafluoroethylene (Teflon), 
collagen, autologous fat,  polydimethylsiloxane, 
silicone, chondrocytes and more recently, a solution of 
dextranomer/hyaluronic acid (Deflux). 


Box 52.3: Indications for early surgical intervention 


Fig. 52.7: Illustrations showing the endoscopic injection of bulking material to treat vesico ureteric reflux 
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Fig. 52.8: Disconnected ureter before extravesical eimplantation 
of the ureter 


SURGICAL TECHNIQUES 


Reimplantation of ureter with antireflux technique is the 
principle of surgical treatment in VUR. This procedure 
may be either intravesical (Cohen’s procedure) or through 
an extravesical approach (Fig. 52.8). 


Ureteral Reimplantation 


Surgical intervention (ureteral reimplantation or uretero- 
neocystostomy) is the definitive method of correcting 
primary reflux, especially in the setting of anatomic 
abnormalities. 

The surgical principles of successful reimplantation 
include: 

e Making a long submucosal tunnel to provide a 5:1 
tunnel-to-diameter ratio 

e Providing good detrusor muscle backing 

e Avoiding ureteric kinking 

e Creating a tunnel in the fixed area of the bladder. 

The standard antireflux ureteral reimplantation 
procedures include the transtrigonal (Cohen), intravesical 
(Leadbetter-Politano) and extravesical detrusorrhaphy 
techniques (Fig. 52.9). Ultimate goal of these operations 
is to prevent VUR by creating an effective flap-valve 
mechanism at the ureterovesical junction. 

The potential complications due to ureteral 
reimplantation of the ureters include bleeding in the 
retroperitoneal space, infections, ureteral obstruction, 
injury to adjacent organs and persistent reflux. The rate of 
complication occurs in less than 1% of cases.*° 
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Fig. 52.9: Making a submucosal tunnel in the bladder mucosa in 
intravesical reimplantation of the ureter 


It may be noted that the antireflux does not completely 
prevent pyelonephritis, as a small percentage of patients 
who have undergone antireflux surgery represent with 
pyelonephritis and these infections may be due to the host 
predisposition to infection rather than to anatomic factors.” 


FOLLOW-UP 


Follow-up includes: 

e Postoperative renal ultrasonography in 1-2 months 

e Ultrasonography of urinary tract annually for 3 years 

e During the scheduled follow-up studies, monitoring 
of patient for blood pressure, renal function and 
urinalysis is important 

e Micturition cystourethrography or nuclear 
cystography in 3 months, if endoscopic treatment has 
been performed. The follow-up cystography, as 98% of 
findings are negative after an open surgical repair 

e Following the confirming resolution of reflux, 
discontinue antibiotic prophylaxis. 
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PRELUDE 


Lower urinary tract dysfunction can develop as a result 
of a lesion at any level in the nervous system and may 
contribute to various forms of lower urinary tract disorder. 
This may lead to incontinence, urinary tract infections 
(UTIs), vesicoureteral reflux (VUR) and renal scarring and 
renal failure. Adequate bladder drainage is the mainstay of 
the treatment where surgery may play a great role. When 
this situation is not adequately addressed, the abnormal 
bladder can potentially cause renal failure requiring 
dialysis or transplantation. Even after transplantation, 
the transplanted kidney is likely to be destroyed by the 
abnormal bladder. 

There is a significant progress in the management of 
neurogenic bladder sphincter dysfunction in children. 
Cleanintermittentcatheterization (CIC)hasrevolutionized 
the management of children with neurogenic bladder. 
It has made conservative management a simple, cost- 
effective and very successful treatment option. 

Children with myelodysplasia present with various 
patterns of detrusor-sphincter dysfunction and about 
15% of neonates with myelodysplasia have no signs of 
neurourological dysfunction at birth. The main goals of 
treatment are to prevent urinary tract deterioration and 
achievement of continence.™* 


DEFINITION 


The most common presentation of neuropathic 
bladder is myelodysplasia, which includes a group of 
developmental anomalies that result from defects in 
neural tube closure. Mylodysplasia may include spina 
bifida occulta, meningocele, lipomyelomeningocele or 
myelomeningocele. The myelomeningocele is by far the 
most common defect seen and the most detrimental. 
Sacral agenesis is a rare congenital anomaly that involves 
absence of part or all of one or more sacral vertebrae 
and this may be part of the caudal regression syndrome, 
and should be considered in any child presenting with 
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anorectal malformation. Cerebral palsy may also present 
with uninhibited bladder contractions and incontinence.®”® 


CLASSIFICATION 


The classification based on urodynamic and functional 
characteristics is more practical for defining the extent of 
the pathology and planning treatment in children. 

Urinary bladder and sphincter are two units working in 
harmony to make a single functional unit and evaluation 
of each unit is required for proper management. 


Bladder Abnormality (Reservoir) 


The bladder may be overactive (detrusor over activity or 
hyperreflexia) with increased contractions, low capacity and 
low compliance or inactive with no effective contractions. 


Bladder Abnormality (Outlet) 


Urethra and sphincter may be independently overactive 
causing functional obstruction or paralyzed with no 
resistance to urinary flow. 


Different Combinations 


Combination of different functional abnormality is a very 
common presentation of neuropathic bladder in clinical 
practice. 

The patients with meningomyelocele will present with 
hyperreflexive detrusor and dyssynergic sphincter, which 
is a dangerous combination as pressure is built up and the 
upper tract is threatened. 


URODYNAMIC STUDIES 


The key of evaluation of patient of neurourology is 
urodynamic studies as the treatment plan mainly depends 
upon a good understanding of the underlying problem 
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in the lower urinary tract. A well-performed urodynamic 
study is mandatory in the evaluation of each child with 
neurogenic bladder. The urodynamic study provides 
the clinician with information about the response of 
the vesicourethral unit to therapy, and is also useful in 
follow-up.*° 
The following parameter should be noted: 
e The cystometric capacity 
e The safe volume 
e ‘The intravesical filling pressure 
e ‘The intravesical pressure at the moment of urethral 
leakage (LPP) 
e ‘The voiding pattern 
e The postvoid residual urine volume. 


MANAGEMENT 


Myelodysplastic kids with a neurogenic bladder require 
constant observation and adaptation to new problems. 
Emphasis should be given on documenting the pattern 
of neurogenic detrusor-sphincter dysfunction. Special 
attention is required for the potential of functional 
obstruction and VUR in this group of children. 


Investigations 


Urgent abdominal ultrasound should be obtained as 
soon as possible, after birth will detect hydronephrosis 
or other upper genitourinary tract pathology. A voiding 
cystourethrogram should be obtained to evaluate 
the lower urinary tract. Estimation of residual urine 
during both ultrasound and voiding cystourethrogram 
(micturating cystourethrogram) should also be done. All 
these studies provide a baseline for the appearance of the 
upper and lower urinary tracts, can facilitate the diagnosis 
of hydronephrosis or VUR and can help identify children 
at risk of upper genitourinary tract deterioration and 
impairment of renal function. Urodynamic evaluation 
can be done after some weeks and needs to be repeated 
at regular intervals in combination with evaluation of the 
upper tracts.”!° 


Early Management with Intermittent 
Catheterization 


Experience showed early management of neurogenic 
bladder in infants who do not have upper tract deterioration 
managed with intermittent catheterization and 
anticholinergic medication. Intermittent catheterization 
should be started in all babies, especially in those with 
signs of possible outlet obstruction. Early initiation of 


intermittent catheterization makes it easier for parents to 
master the procedure. 

Effective early management prevents upper tract 
changes and also preserves the bladder function. Increased 
bladder pressures due to detrusor-sphincter dyssynergia 
cause secondary changes ofthe bladder wall. In hyperreflexic 
bladder, the bladder wall may cause further loss of elasticity 
and compliance, resulting in a small noncompliant bladder 
with progressively elevated intravesical pressures.'*”* 


Medical Therapy 


Currently oxybutynin, tolterodine, trospium and M3 
receptor blocker like solifenacin, darifenacin are the 
most frequently used drugs to inhibit the premature 
unwanted contraction. Recent studies investigating the 
use of a-adrenergic blockade in children with neurogenic 
bladder have reported a good response rate. 


Botulinum Toxin Injections 


In kids with hyperreflexic neurogenic bladders that are 
refractory to anticholinergics, the injection of botulinum 
toxin into the detrusor is an excellent choice.” 


Management of Bowel Incontinence 


Pediatric patients with neurogenic bladder do have distur- 
bances of bowel function. The loss of bowel control is 
managed most commonly with mild laxatives, such as 
mineral oil combined with enemas to facilitate removal of 
bowel contents. 


Urinary Tract Infection 


If there is no associated VUR, UTIs should be treated 
symptomatically. Bacteriuria is seen in more than half of 
the children on CIC, patients who are asymptomatic do 
not need treatment. Children with VUR should usually be 
placed on low-dose prophylactic antibiotics for long-term 
to reduce the incidence of pyelonephritis, which can lead 
to renal scarring and eventually renal damage. 


Augmentation Cystoplasty 


The hyperreflexic bladder with small capacity and poor 
compliance usually needs to be treated by bladder 
augmentation. 

The bladder augmentation is a procedure where the 
bladder is opened up in the coronal plane up to ureteric 
orifice. The author vascularized piece of ilium which is 
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opened up at the mesenteric border to make a ribbon. 
Now the opened up small intestine is patched over the 
bladder. If the bladder has a competent sphincter and/or 
bladder neck, and a urethra that can be used for the CIC 
program, some centers prefer gastrocystoplasty while 
others perform cystoplasty with ileal or colonic patches 
appearing to be equally useful. 

Long-term results with autoaugmentation have not 
proven to be as successful as standard augmentation with 
intestine. The applications of engineered bladder tissues 
are in the process of development and recent progress 
suggests that engineered bladder tissues may have an 
expanded clinical application.”*** 


Bladder Outlet Reconstructive Procedures 


A simple augmentation may be sufficient for most 
low-capacity, high-pressure bladders, augmentation with 
additional bladder outlet procedures is required when 
both the bladder and outlet are deficient. The bladder neck 
reconstruction (Young Dee) or other forms of urethral 
reconstruction may be required in sphincter weakness 
incontinence. These procedures can be used on the bladder 
neck to increase resistance of bladder outlet. 

Bladder augmentation with surgical closure of the 
bladder neck with a suitable abdominal catherizable 
stoma may be required in rare clinical situations. 


Continent Stoma 


Creation of a continent pouch may be achieved by the 
Koch’s pouch or Indiana pouch connected to abdomen 
by a catheterizing stoma. This form of urinary tract 
reconstruction is beneficial to wheelchair-bound spina 
bifida patients, who often have difficulty with urethral 
catheterization or are dependent on others to catheterize 
the bladder. 


Total Bladder Replacement 


Bladder replacement is much more common in adult 
urological reconstruction and is rarely done in a pediatric 
patient. These operations should be done in a high-volume 
center with experienced healthcare personnel to carry out 
postoperative follow-up. 


FOLLOW-UP OF NEUROGENIC BLADDER PATIENTS 


Lifelong supervision and the monitoring ofrenal function are 
extremely important in all neurogenic bladder. Evaluation 


of upper tract changes, renal function and bladder status 
is mandatory. Patients who underwent reconstructive 
procedures using intestine should be regularly followed-up 
for complications such as infection, stone formation, 
reservoir rupture, metabolic changes and malignancy.” 
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Nocturnal enuresis is intermittent nocturnal incontinence. 
This is a frequent symptom in children with a prevalence 
of 5-10% at 7 years of age and is one of the most prevalent 
conditions in childhood. Nocturnal enuresis caries a 
spontaneous yearly cure rate of 15%. Genetically, enuresis 
is a complex and heterogeneous disorder. Its loci have 
been described on chromosomes. 

The treatment is unnecessary in younger children in 
whom spontaneous cure is likely. Child’s mental status, 
family expectations, social issues and cultural background 
need to be considered before treatment can be started. *? 


Pranashish Saha 


DEFINITION 


This is a condition describing the symptom ofincontinence 
during sleep above the age of 5 years.** 

Nocturnal enuresis is described as “primary” when the 
symptom has always existed and the patient has not been 
dry for a period longer than 6 months. And the condition is 
described as “secondary” when there has been asymptom- 
free interval of 6 months. 

Factors play an important pathophysiological role: 

e Higher night-time urine output 

e Nocturnal low bladder capacity or increased detrusor 
activity. 

For an imbalance between night-time urine output 
and night-time bladder capacity, the bladder can become 
easily full at night and the child will either wake up for 
emptying the bladder or will void during sleep if there is a 
lack of arousal from sleep. 


DIAGNOSIS 


Diagnosis is obtained by history taking. Voiding diary, 
which records daytime bladder function and night-time 
urine output, will help to guide the treatment. Estimation of 
night-time urine production is helpful in understanding the 
disease and can be obtained by weighing diapers (nappies) 


Nocturnal Enuresis 


in the morning and adding the volume of the morning 
void. The daytime bladder capacity is also important and 
can also be measured with ultrasound or by weighing 
the diapers (nappies) as above. This gives an estimate of 
bladder capacity compared to normal values for age.** 

For many children, bedwetting is a familial problem, 
with most affected children found to have a history of 
bedwetting within the family. 


TREATMENT 


General Measures 


e Clear explanation of the condition to the child and his 
parents helps to demystify the problem. 

e Habits of eating and drinking should be reviewed, 
stressing normal fluid intake during day and reducing 
fluid intake in the hours before sleep. A chart depicting 
wet and dry nights has been shown to be successful.”* 

e Counseling and motivation of the child may be 
introduced first. As an initial management, it carries a 
high grade of recommendation.” 

e Low drink during evening and habit of late night 
micturition in older child may improve the situation. 


Desmopressin 


Desmopressin is a synthetic analog of arginine vasopressin 
and works by decreasing the urine volume at night and 
also by decreasing intravesicular pressure. It is available 
in a nasal spray or tablet. Using the nasal spray is initiated 
with 10 mcg given at bedtime, one half of the dose in each 
nostril and the dosage can be increased to 20 mcg and then 
40 mcg at bedtime. Alternatively, the desmopressin 0.2 mg 
tablet is taken at bedtime, if necessary the dose can be 
titrated to 0.6 mg. Generally, desmopressin is well tolerated 
with some side effects like nasal irritation, nosebleeds and 
headache, which are generally mild. A success rate of 70% 
can be obtained with desmopressin."""" 
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Imipramine 


The mechanism of action of imipramine in the treatment 
of nocturnal enuresis is not understood. It may be due to 
the anticholinergic effect of the drug which may result in 
a decrease in bladder contractility that leads to increased 
bladder filling and improved functional bladder capacity. 
The drug, imipramine may provide some benefit in 
approximately 50% of children with nocturnal enuresis." 
Complete elimination of enuresis is seen in 25% of 
the cases.“ Relapse rates are quite high following the 
discontinuation of imipramine. A number of side effects 
including cardiotoxicity at high doses has been noticed. 


Age-related doses are: 

e 25 mg in 6-8-year-old children 
e 50 mg in 8-12-year-old children 
e 75mg dose in teenagers. 

Following 3-6 months of treatment, imipramine should 
be discontinued slowly. Dose is decreased by one half for 2 
weeks; the reduced dose is then given every other night for 
an additional 2 weeks. 

The imipramine, which has been popular in the 
treatment of enuresis, achieves only a moderate response 
rate of 50% and has a high relapse rate. Moreover, 
cardiotoxicity and death with overdose are described. Its 
use should therefore be discouraged.” 
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This is a malignant tumor in children that arises from 
primitive mesodermal tissue, which gives origin to skeletal 
muscle. It is the most common soft-tissue sarcoma in the 
pediatric age group and accounts for 5-15% of all solid 
malignancies in childhood.' The peak ages of presentation 
are between 2 years and 5 years, and 15 years and 19 years. 
As with Wilms tumor, rhabdomyosarcoma (RMS) also 
displays a variety of molecular genetic alterations. There 
are two major histological subtypes: (1) the embryonal 
and; (2) the alveolar forms.” Embryonal RMS shows loss 
of heterozygosity on the short arm of chromosome 11 
where the insulin growth factor II gene (IGF-II) is situated 
leading to over expression of this gene. This appears to be 
related to growth of RMS. The RMS can appear in any part 
of the body including tissues that do not contain striated 
muscles. 


Shahadat Hossain 


PRESENTATION OF RHABDOMYOSARCOMA 


Rhabdomyosarcoma is the most common tumor of the 
lower genitourinary tract in children in the first two 
decades of life. Most cases of genitourinary RMS are of the 
embryonal histologic subtype and include tumors of the 
bladder, prostate, testes and paratesticular sites, penis, 
perineum, vagina, and uterus. 

The natural history, pattern of metastatic spread, 
treatment and prognosis of childhood RMS vary with 
the anatomic site of the lesion. In children with RMS of 
the bladder or prostate, presenting signs and symptoms 
include urinary or fecal retention, dysuria, urinary tract 
infection, and hematuria. Paratesticular RMS produces 
painless scrotal swelling, which may be ignored until the 
tumor has reached a large size. 

Vaginal tumors may manifest as a prolapsing mass 
in the introitus. Radiologic studies of children with 
genitourinary RMS reflect the nonspecific gross features 


Rhabdomyosarcoma 


of the tumor, which may be ill defined with infiltrative 
margins or well circumscribed by a pseudocapsule of 
compressed tissue. 

The botryoid variant of embryonal RMS results when 
submucosal tumor produces a polypoid mass resembling 
a cluster of grapes within a hollow structure. Botryoid 
morphology is characteristic, but not specific for RMS 
within the vagina or urinary bladder, since yolk sac tumor 
and “tumoral cystitis” may have a similar appearance. 
Invasion of adjacent structures by the primary tumor may 
make the precise anatomic origin of genitourinary RMS 
difficult to determine on cross sectional images. 

Recent refinements in multidisciplinary therapeutic 
regimens combining chemotherapy, radiation therapy 
and surgery have dramatically improved the outcome 
for children with genitourinary RMS. Diagnostic imaging 
plays an important role in monitoring response to 
therapy. 


PATHOLOGY 


Microscopically, alltumorshada primitive undifferentiated 
morphology with cells containing scant cytoplasm, 
varying round to fusiform nuclei with even chromatin 
distribution and frequent mitoses (Fig. 55.1). The degree 
of morphologic overlap with small cell carcinoma of the 
bladder, a relatively more common round cell tumor 
in adults was striking. The epithelial component of the 
sarcomatoid carcinoma was high-grade invasive urothelial 
carcinoma with glandular differentiation. 


PATHOLOGIC CLASSIFICATION 
Favorable Prognosis 


e Botryoid 
e Spindle cells.’ 
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Fig. 55.1: The tumor cells in this case of embryonal rhabdomyo- 
sarcoma are less differentiated. They have small round hyper- 
chromatic nuclei, scant cytoplasm, increased mitotic activity and 
little or no evidence of myoblastic differentiation 


Intermediate Prognosis 


e Embryonal 
e Pleomorphic (rare). 


Poor Prognosis 


e Alveolar (including solid variant) 
e Undifferentiated. 

About 26% of all RMS occur in the genitourinary tract. 
More than 80% of the distal urinary tract RMS are of the 
embryonal type. These tumors occur as bladder/prostate 
lesions (10%) and others including paratesticular tumor 
(16%). Symptoms are generally associated with the effects 
of compression or the patient may present with a mass. 
Diagnosis is based on imaging studies including computed 
tomography (CT) and magnetic resonance imaging (MRI) 
togetherwith biopsy. Cytological and biological markers have 
been identified in RMS and are essential for classification. 
Treatment is based on a staging system developed by the 
intergroup rhabdomyosarcoma study group. 


CLINICAL GROUPS OF RHABDOMYOSARCOMA 


Group | 


e Localized disease, completely removed 

e Confined to muscle or organ of origin 

e Infiltration outside organ or muscle of origin, regional 
nodes not involved. 


Group Il 


e Total gross resection with evidence of regional spread 

e Grossly resected tumor with microscopic residual 

e Regional disease with involved nodes completely 
resected without microscopic residual 

e Regional disease with involved nodes grossly resected, 
but with evidence of microscopic residual and/or 
histologic involvement of the most distal regional node 
in the dissection. 


Group Ill 


There is an incomplete resection or biopsy with presence 
of gross disease. 


Group IV 


There is a distant metastasis. 


MANAGEMENT 


For bladder or prostate tumors, cystoscopy and biopsy 
is carried out with ultrasound, MRI or CT for staging. 
Chemotherapy and radiation are given initially followed 
by bladder resection, which usually consists of partial 
cystectomy. 

Vulvovaginal RMS is also treated with chemotherapy 
followed by surgical resection. Paratesticular RMS arises 
in the distal spermatic cord and these tumors are generally 
favorable histological types. The treatment is an inguinal 
orchiectomy. 

Retroperitoneal lymph node dissection is not routinely 
indicated but should be performed if clinical suspicion of 
nodal disease is present. 
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Acute scrotum is a pediatric urology emergency case, 
most commonly caused by torsion of the testis, torsion of 
the appendix testis and epididymitis/epididymo-orchitis. 
Other causes of acute scrotal pain are idiopathic scrotal 
edema, mumps orchitis, varicocele, scrotal hematoma, 
incarcerated hernia, appendicitis or systemic disease 
(Henoch-Sch6nlein purpura).'? 

Torsion of the testis occurs most often in the neonatal 
period and around puberty (Fig. 56.1), while torsion of 
the appendix testes occurs over a wider age range. Acute 
epididymitis affects two age groups: (1) below the age 
of 1 year and; (2) between 12 years and 15 years. Acute 
epididymitis was found most often (37-64.6%) in boys 
with acute scrotum. One study predicted the incidence of 
epididymitis as about 1.2 per 1,000 male children per year.*" 


DIAGNOSIS 


Patients usually present with scrotal pain. The duration 
of symptoms is shorter in testicular torsion (69% present 


Acute Scrotum 


in Children 


within 12 hours) compared to torsion of the appendix 
testes (Fig. 56.2) (62%) and acute epididymitis (31%). 

In the early phase, location of the pain can lead to the 
diagnosis. Patients with acute epididymitis experience 
a tender epididymitis, while patients with torsion of the 
appendix testis feel isolated tenderness of the superior 
pole of the testis and patients with testicular torsion are 
more likely to have a tender testicle (Fig. 56.3). 

An abnormal position of the testis was more frequent 
in testicular torsion than in patients with epididymitis. 
Looking for the absence of the cremasteric reflex is a 
simple method with a sensitivity of 100% and specificity of 
66% for the presence of testicular torsion.>” 

Fever occurs often in epididymitis (11-19%). The 
classical sign of a “blue dot” was found only in 10-23% 
patients with torsion of the appendix testis. In many 
cases, itis not easy to determine the cause of acute scrotum 
based on history and physical examination alone (Figs 
56.4A and B)."! 

A positive urine culture is found only in a few patients 
with epididymitis. It should be remembered that a normal 


Fig. 56.1: Mechanism of testicular torsion 


Fig. 56.2: Acute scrotum due to torsion of appendix 
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urinalysis does not exclude epididymitis. Similarly, an 
abnormal urinalysis does not exclude testicular torsion.” 

Doppler ultrasound is useful to evaluate an acute 
scrotum, with a sensitivity of 63.6-100% and a specificity 
of 97-100%, and a positive predictive value of 100% and 
negative predictive value 97.5%. The use of Doppler 
ultrasound may reduce the number of patients with acute 
scrotum undergoing scrotal exploration, but it is operator 
dependent and can be difficult to perform in prepubertal 
patients. It may also show a misleading arterial flow in 
the early phases of torsion and in partial or intermittent 
torsion—persistent arterial flow does not exclude testicular 
torsion. In a multicenter study of 208 boys with torsion of 
the testis, 24% patients had normal or increased testicular 


vascularization. Better results were reported using high- 
resolution ultrasonograph for direct visualization of the 
spermatic cord twisted with a sensitivity of 97.3% and a 
specificity of 99%. 124 

Scintigraphy and more recently, dynamic contrast- 
enhanced subtraction magnetic resonance imaging of 
the scrotum also provides a comparable sensitivity and 
specificity to ultrasound. These investigations may be 
used when diagnosis is less likely, and if torsion of the 
testis still cannot be excluded from history and physical 
examination. This should be done without inordinate 
delays for emergent intervention. 

The diagnosis of acute epididymitis in boys is mainly 
based on clinical judgment and adjunctive investigation. 
However, it should be remembered that findings of 
secondary inflammatory changes in the absence of 
evidence of an extratesticular nodule by Doppler 
ultrasound might suggest an erroneous diagnosis of 
epididymitis in children with torsion of appendix testes. 

Prepubertal boys with acute epididymitis have an 
incidence of underlying urogenital anomalies of 25-27.6%. 
Complete urological evaluation in all children with acute 
epididymitis is still debatable. 

In practice it is logical and practical to believe that the 
acute scrotum in children is due to torsion of testis unless 
proved otherwise. Other causes of acute scrotum are 
relatively uncommon. Common mistakes are done by the 
general practitioners, specialist and even the urologist in 
making a confident clinical diagnosis of torsion of testis in 
acute scrotum. It is always safe procedure to explore the 
scrotum under appropriate anesthesia when investigation 
facilities are inadequate and inclusive."* 


Figs 56.4A and B: Torsion of testis. It was too late in both cases. A common mistake done by the specialist 
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TREATMENT OF TESTICULAR TORSION 


Manual detorsion of the testis is done without anesthesia. 
It should initially be done by outwards rotation of the testis 
unless the pain increases or if there is obvious resistance. 
Success is defined as the immediate relief of all symptoms 
and normal findings at physical examination. Doppler 
ultrasound may be used for guidance. 

Bilateral orchiopexy is still required after successful 
detorsion. This should not be done as an elective 
procedure, but rather immediately following detorsion. 
One study reported residual torsion during exploration 
in 17 out of 53 patients, including 11 patients who had 
reported pain relief after manual detorsion.*!*"” 


Surgical Treatment 


Testicular torsion is an urgent condition, which requires 
prompt surgical treatment. The two most important 
determinants of early salvage rate of the testis are: (1) the 
time between onset of symptoms and; (2) detorsion and 
degree of twisting of the cord. Severe testicular atrophy 
occurred after torsion for as little as 4 hours when the turn 
was more than 360°. In cases of incomplete torsion (180- 
360°), with symptom duration up to 12 hours, no atrophy 
was observed. However, an absent or severely atrophied 
testis was found in all cases of torsion of more than 360° 
and symptom duration of more than 24 hours." 

Early surgical intervention with detorsion (mean 
torsion time less than 13 hours) was found to preserve 
fertility. Urgent surgical exploration is mandatory in all 
cases of testicular torsion within 24 hours of the onset of 
symptoms. 

In those patients with testicular torsion of more than 
24 hours, semielective exploration is necessary. Until 


now, there is still controversy to carry out detorsion and to 
preserve the ipsilateral testis or to perform an orchiectomy, 
in order to preserve contralateral function and fertility 
after testicular torsion of long duration (>24 hours). 

Arecent study in humans found that sperm quality was 
preserved in both orchiectomy and orchiopexy groups in 
comparison to control normal men, although orchiectomy 
resulted in better sperm morphology. 

During exploration, fixation of the contralateral testis 
is also performed. Recurrence after orchiopexy is rare 
(4.5%) and may occur several years after operation. There 
is no common recommendation about the preferred type 
of fixation and suture material, however, many urologists 
currently use a dartos pouch orchiopexy. 

External cooling before exploration and several 
medical treatments seem effective in reducing ischemia- 
reperfusion injury, and preserving the viability of the 
torsed testis and the contralateral testis.°*"*19*! 

Management of acute scrotum is further summarized 
in Flow chart 56.1. 


PROGNOSIS 
Fertility 


The results vary and are conflicting. In one study, 
unilateral torsion of the testis seriously intervened with 
subsequent spermatogenesis in about 50% of the patients 
and produced borderline impairment in another 20%. 


Subfertility 


Subfertility is found in 36-39% of the patients after torsion. 
Semen analysis may be normal in only 5-50% in long-term 
follow-up. Early surgical intervention (mean torsion time 


Flow chart 56.1: Management of acute scrotum 


Short duration of symptoms 
and negative urinalysis: 
High probability of torsion 


Surgical exploration 


History, physical examination and urinalysis 


Long duration of symptoms 
and positive urinalysis: 
Low probability of torsion 


Color doppler ultrasonography 


Decreased or absent blood 
flow or equivocal results 


Surgical exploration 


Increased or normal 
blood flow 


Nonoperative management 
or observation 
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< 13 hours) with detorsion was found to preserve fertility, 
but prolonged torsion periods (mean torsion time of 70 
hours) followed by orchiectomy jeopardizes fertility.” 

It is seen that antisperm antibodies in the semen of 
patients with testicular torsion and correlated antibody 
levels with infertility, while other studies have failed to 
confirm these results. Anderson et al. found pre-existing 
contralateral testis abnormalities in biopsies performed at 
the time ofsurgery and did not detect any case of antisperm 
antibodies after testicular torsion.” 


Androgen Levels 


A study in rats showed a long-term reduction in testicular 
androgen production after testicular torsion. This effect was 
considered to be caused by reperfusion/oxidative stress 
in the testis. Even though the levels of follicle-stimulating 
hormone, luteinizing hormone and testosterone are 
higher in patients after testicular torsion compared to 
normal controls, endocrine testicular function remains in 
the normal range in patients after testicular torsion. 


PERINATAL TORSION 


Perinatal torsion of the testis most often occurs prenatally. 
After birth, perinatal torsion occurs in 25% cases with 
bilateral perinatal torsion comprise 11-21% ofall perinatal 
torsions. Most cases are extravaginal torsion in contrast 
to the usual intravaginal torsion, which occurs during 
puberty.” 

Intrauterine torsion may present as: 

e Patients with a testicular nubbin 

e Patients with a small and hard testis 

e Patients with a normal-sized and hard testis 
e Patients with an acute scrotum. 

Torsion occurring in the postnatal period within 
the first month of life presents with signs of an acute 
scrotum. The clinical signs correlate well with surgical and 
histological findings, and thus define the need and the 
urgency to explore the history; Doppler ultrasound can be 
an additional diagnosis tool. The sensitivity for diagnosis 
of torsion of the testis is high, though the specificity is 
unknown for neonates. Doppler ultrasound may also be 
used to exclude congenital testicular neoplasm. Neonates 
with acute scrotal signs as well as bilateral cases should be 
treated as surgical emergencies. 

In cases of postnatal torsion, one study reported 40% 
of testes were salvaged with emergency exploration. The 
contralateral scrotum should also be explored because of 
the risk of asynchronous contralateral testicular torsion in 
as many as 33% of cases.?™3° 


EPIDIDYMITIS 


In prepubertal boys, the etiology is usually unclear with 
an underlying pathology (about 25%). A urine culture 
is usually negative and unlike in older boys, a sexually 
transmitted disease is very rare. 

Antibiotic treatment, although often started, is not 
indicated in most cases unless urinalysis and urine culture 
show a bacterial infection. Epididymitis is usually self- 
limiting and with supportive therapy (i.e. minimal physical 
activity and analgesics) heals without any sequela, 
however, bacterial epididymitis can be complicated by 
abscess or necrotic testis, and surgical exploration is 
required. 

Torsion of the appendix testis can be managed 
conservatively during the 6 weeks follow-up, clinically 
and with ultrasound, no testicular atrophy was revealed. 
Surgical exploration is done in equivocal cases and in 
patients with persistent pain. 


TESTICULAR CANCER 


There may be a 3.2 fold increased risk of developing a 
testis tumor 6-13 years after torsion. However, two of nine 
reported cases had torsion of a tumor-bearing testis and 
four had a tumor in the contralateral testis (to the torsed 
testicle). 
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Cryptorchidism is a common disorder in pediatric urology. 
It has been observed to occur in 3% of term infants and 30% 
of premature infants; however, 75% and 90%, respectively, 
of these testes will have spontaneously descended by 
1 year of age, leaving a true incidence of up to 1% of the 
male population. Ten percent of cases are bilateral, 3% of 
which will have one or both the testes absent. The etiology 
is unclear and although a number of genetically inherited 
diseases have a high association with cryptorchidism, 
most cases of the undescended testis are isolated with no 
evidence of a genetic component. 

At the age of 1 year, almost 1% of all full-term male 
infants are affected by this most common congenital 
anomaly associated with the genitalia of newborn 
males. As knowledge of the location and existence of the 
testis directly influences clinical management, it seems 
appropriate to categorize the testes into palpable and 
nonpalpable.'* 


Paddy Dewan 


SIGNIFICANCE 


A 20- to 40-fold increased risk of developing a testicular 
malignancy has been noted with undescended testes. Ten 
percent of testicular cancers arise in an undescended testis, 
60% of which will be seminomas. The intra-abdominal 
testis is most likely to undergo malignant degeneration. 
Fertility is impaired. Only 30% of patients with bilateral 
cryptorchidism (Fig. 57.1) will be fertile. Spermatogenic 
damage appears to increase with higher position and 
longer periods of extrascrotal habitation. 

A high incidence of associated inguinal hernias 
occurs because of the patent processus vaginalis. An 
increased susceptibility to torsion exists, especially in the 
postpubertal period. 


Empty Scrotum or 
Undescended Testis 


Abdominal 

ee Abdominal 
Inguinal Inguinal 

canal 
Prescrotal 
Normal position (prepubic) 

of testicles 
Fig. 57.1: Normally the testicles, which form inside the 


abdomen of a male fetus, descend into the sac beneath the penis 
(scrotum) by the time the baby is born. An undescended testicle 
(cryptorchidism) is one that remains inside the body and has 
not moved down into the scrotum. One or both testicles may be 
affected. Undescended testicles are often classified according 
to their location and whether they can be felt (palpable or 
nonpalpable). Abdominal: The testicle remains inside the abdomen 
and cannot be felt (is nonpalpable) during a physical examination. 
It is usually near the inner opening of the inguinal canal. (Inguinal: 
The testicle stops in the inguinal canal and usually cannot be felt 
during a physical examination. Prescrotal or prepubic: The testicle 
moves farther down the inguinal canal but does not descend all 
the way into the scrotum. It usually can be felt (is palpable) during 
a physical examination) 


CLASSIFICATION 


They are often classified according to their location and 

whether they can be felt (palpable or nonpalpable). 

e Abdominal: The testicle remains inside the abdomen 
and cannot be felt (is nonpalpable) during a physical 
examination. It is usually near the inner opening of the 
inguinal canal. 
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e Inguinal: The testicle stops in the inguinal canal and 
usually cannot be felt during a physical examination. 

e Prescrotal or prepubic: The testicle moves farther down 
the inguinal canal but does not descend all the way into 
the scrotum. It usually can be felt (is palpable) during a 
physical examination. 


Intra-abdominal Testis 


The testis is located proximal to the internal inguinal ring 
in the retroperitoneal space. 


Inguinal Testis 


The testis is located between the internal and external 
inguinal rings. 


Ectopic Testis 


The testis is located distal to the internal ring but outside its 
normal path of descent. Most are found in the superficial 
inguinal pouch, or in the perineum, femoral canal, 
suprapubic area, and rarely in the contralateral scrotal 
compartment. 


Absent Testes 


Twenty percent of nonpalpable testes are absent. 


Retractile Testis 


The retractile testis isnot truly undescended. Its extrascrotal 
location is secondary to hyperactive contraction of the 
cremasteric muscle. It is commonly found in the prescrotal 
or low inguinal area and with gentle manipulation can be 
placed in the scrotum without tension. 

Retractile testes do not need any form of treatment 
except observation as they can become ascendant. 
Retractile testes have completed their descent but may 
be found in the groin because of a strong cremasteric 
reflex. In the case of bilateral nonpalpable testes and 
any suggestion of sexual differentiation problems, such 
as hypospadias, urgent endocrinological and genetic 
evaluation is mandatory. 


DIAGNOSIS 
Clinical Examination 


Aphysical examination is the only method ofdifferentiating 
between palpable or nonpalpable testes. There is no 


additional benefit in performing ultrasound, computed 
tomography (CT), magnetic resonance imaging (MRI) or 
angiography. 

Clinical examination includes a visual description of the 
scrotum and an examination of the child while supine and 
in crossed-leg position. The examiner should inhibit the 
cremasteric reflex with his nondominant hand right above 
the symphysis in the groin region before touching, or reaching 
for, the scrotum. The groin region may be “milked” towards 
the scrotum in an attempt to move the testis into the scrotum. 
This maneuver also makes it possible to differentiate between 
an inguinal testis and enlarged lymph nodes that could give 
the impression of an undescended testis. 

A retractile testis can generally be brought into the 
scrotum, where it will remain until a cremasteric reflex 
(touching the inner thigh skin) will retract it again into the 
groin. 

Both scrotal compartments, the inguinal canals, 
perineum, suprapubic area and femoral canal should 
be palpated. A palpable testis will be inguinal, ectopic 
or retractile. If the testis can be easily placed within the 
scrotum without tension, it is retractile. Note that the 
cremasteric reflex is most active between 2 years and 7 
years of age, making this diagnosis difficult. A nonretractile 
palpable testis is either inguinal or ectopic.** 


INVESTIGATIONS 


A nonpalpable testis is intra-abdominal, ectopic and 
inguinal or absent. If both testes are impalpable, then 
serum testosterone should be estimated after human 
chorionic gonadotropin (hCG) stimulation (hCG 2000 
IU qid x 3 days). Follicle stimulating hormone (FSH) and 
luteinizing hormone (LH) levels should also be measured. 
A negative testosterone in response to hCG and elevated 
basal FSH and LH are reliable evidence of anorchism 
(bilateral testicular absence). 

There is no reliable examination to confirm or exclude 
an intra-abdominal, inguinal and absent/vanishing testis 
(nonpalpable testis), except for diagnostic laparoscopy. 
Before instigating laparoscopic assessment, an examination 
under general anesthesia is recommended because some 
originally nonpalpable testes are palpable under anesthetic 
conditions. 

In practical situation, the missing testis usually cannot 
be identified by ultrasound, CT or MRI, if the size of 
the testis is less than 2 cm in diameter. They should be 
submitted for surgical exploration and most testes will 
be found at surgery close to the internal inguinal ring. 
Laparoscopy offers direct visualization of the testis in deep 
inguinal ring or in retroperitoneum.® 
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Detection of Undescended Testis 


e Exploration 
e Laparoscopy 
e Ultrasound, CT, MRI frequently unhelpful. 


TREATMENT 


Why to treat the undescended testis? 

e To decrease the potential for malignant degeneration 
and to make the testis easier to palpate 

e To improve prospects for fertility 

e To repair inguinal hernias 

e To decrease risk of torsion 

e To avoid potential psychological complications. 


ADVANTAGES OF EARLY ORCHIDOPEXY 


Advantages of early orchidopexy is given in Box 57.1. 


Optimal Age of Treatment 


Treatment should be undertaken by 6 months of age before 
the electron microscopic changes occur in the germinal 
epithelium. This will minimize the potential complications 
of infertility and malignant degeneration. Retractile testes 
need to further therapy; however, periodic re-examination 
to confirm the diagnosis would be prudent. The truly 
undescended testes should be treated with surgical 
therapy only.® 


Hormonal Therapy 


Exogenous gonadotropin-releasing hormone (400 pg tid 
per nasal spray x 4 weeks) or hCG (250-1000 IU/dose twice 
weekly x 5 weeks) has been reported to be successful in 
bringing down the testis. The implication is that the best 
result is obtained in retractile testis where treatment is not 
necessary. In general, hormonal therapy is ineffective and 
has potential complications like preconscious puberty, 
hirsutism and early epiphyseal union causes serious 
problem in growth.”® 


Box 57.1: Advantages of early orchidopexy 


Surgical Therapy 


A number of different procedures for orchidopexy 
are effective; all based on the principles of adequate 
mobilization and fixation, and repair of the associated 
hernia. Testicular artery may be necessarily divided 
(Stephen Fowler’s procedure) if the testis cannot be placed 
in any easily palpable position and perhaps with all intra- 
abdominal testes. This simple procedure will bring the 
testis in scrotum in most of the cases. Collateral supply 
from cremasteric artery will preserve the testis. 


Palpable Testis 


Surgeryforthe palpabletestisincludes orchidofuniculolysis 
and orchidopexy, via an inguinal approach, with success 
rates of up to 92%. It is important to remove and dissect 
all cremasteric fibers to prevent secondary retraction. 
Associated problems, such as an open processus vaginalis, 
must be carefully dissected and closed. It is recommended 
that the testis is placed in a subdartos pouch. With regard 
to sutures, there should either be no fixation sutures or 
they should be made between the tunica vaginalis and 
the dartos musculature. The lymph drainage of a testis 
that has undergone surgery for orchidopexy has been 
changed from iliac drainage to iliac and inguinal drainage 
(important in the event of later malignancy). 


Nonpalpable Testis 


In the situation of a nonpalpable testis, inguinal surgical 
exploration with the possibility of performing laparoscopy 
should be attempted. There is a significant chance of 
finding the testis via an inguinal incision, but in rare 
cases, it is necessary to search into the abdomen if there 
are no vessels or vas deferens in the groin. Laparoscopy is 
the most appropriate way of examining the abdomen for 
a testis. In addition, either removal or orchidolysis and 
orchiopexy can be performed via laparoscopic access. 
Before starting diagnostic laparoscopy, it is recommended 
that the child should be examined again under general 
anesthesia since a previous nonpalpable testis might now 
be palpable under anesthetic conditions. 

An intra-abdominal testis in a 10-year old boy 
or older with a normal contralateral testis should be 
removed. In bilateral intra-abdominal testes, or in a boy 
younger than 10 years, a one-stage or two-stage Fowler- 
Stephen’s procedure can be performed. In the event of 
a two-stage procedure, the spermatic vessels are either 
laparoscopically clipped or coagulated proximal to the 
testis to allow development of the collateral vasculature. 
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The second-stage procedure, in which the testis is 
brought directly over the symphysis and next to the bladder 
into the scrotum, can also be performed by laparoscopy 
6 months later. The testicular survival rate in a one-stage 
procedure varies between 50% and 60%, with success rates 
rising up to 90% in a two-stage procedure. Microvascular 
autotransplantation can also be performed with 90% 
testicular survival rate. However, the procedure requires a 
very skilful and experienced surgical technique.* ” 


ma ek 
Fig. 57.2: A 22-year-old man with a history of uncorrected 
left cryptorchidism presented after 7 days of left groin pain. 
A genitourinary examination was performed, which revealed 
that his left inguinal region was swollen because of a palpable, 
tender mass that was 5 cm in greatest. No testicle was palpable 
in the ipsilateral hemiscrotum. An ultrasound examination of the 
inguinal area revealed a heterogeneous testicle, with no blood 
flow on Doppler examination. Surgical exploration confirmed 
torsion of the undescended testis. Torsion of a cryptorchid 
testicle is an uncommon condition but is reported to occur more 
frequently than torsion of a normally descended testis. In a patient 
presenting with pain and uncorrected cryptorchidism, a testicular 
tumor must also be considered in the differential diagnosis. In 
this patient, final pathological examination revealed a diffusely 
ischemic, necrotic testicle with no malignant tumor (Fouad Hajji, 
Abdellatif Janane. N Engl J Med 2012; 366: 1625 April 26, 2012DOI: 
10.1056/NEJMicm1111776). 


"w ba a) 


PROGNOSIS (FIG. 57.2) 


Boys with one undescended testis have a lower fertility 
rate but the same paternity rate as boys with bilateral 
descended testes. Boys with bilateral undescended testes 
have both a lower fertility and paternity rate. 
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The hydrocele is defined as a collection of fluid between 
the parietal and visceral layer of tunica vaginalis." 

The pathogenesis of hydrocele is based on an 
imbalance between the secretion and reabsorption of this 
fluid. In contrast with inguinal hernia, which is defined as 
the protrusion of a portion of organs or tissues through the 
abdominal wall.” 

The incomplete obliteration of the processus vaginalis 
peritonei results in the formation of various types of 
communicating hydrocele alone or connected with 
other intrascrotal pathology (hernia). The exact time of 
obliteration of processus vaginalis is not known. It persists 
in approximately in 20% of adults.’ 

When complete obliteration of processus vaginalis 
occurs with patency of midportion, a hydrocele of the cord 
occurs.’ The noncommunicating hydroceles are found, 
sometimes found, secondary to minor trauma, testicular 
torsion, epididymitis, varicocele operation or may appear 
as a recurrence after primary repair of a communicating 
hydrocele. 


MA Salam, Md Saiful Islam 


Fig. 58.1: Transillumination test of scrotum 


Hydrocele 


DIAGNOSIS 


The classic description of a hydrocele is that of a hydrocele 
is a cystic swelling and remain irreducible if it is not 
communicating. This may be diagnosed by history, physical 
investigation and transillumination of the scrotum (Fig. 
58.1) make the diagnosis in the majority of cases. If the 
diagnosis is that of a hydrocele, there will be no history of 
reducibility and no associated symptoms; the swelling is 
translucent, smooth and usually nontender. When there 
are any doubts about the character of an intrascrotal mass, 
scrotal ultrasound should be performed and has nearly 
100% sensitivity in detecting intrascrotal lesions. The use of 
Doppler ultrasound studies help to distinguish hydroceles 
from varicocele and testicular torsion, although these 
conditions may also be accompanied by a hydrocele (Fig. 
58.2). 


TREATMENT 


Mostly in infants, the surgical treatment of hydrocele is 
not indicated within the first 12-24 months because of the 


Fig. 58.2: Ultrasound scan of scrotum with a hydrocele 
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Fig. 58.3: Exploration of a hydrocele 


tendency for spontaneous resolution. Surgery is indicated 
if there is suspicion of a concomitant inguinal hernia or 
underlying testicular pathology.’ Presence of a simple 
scrotal hydrocele beyond 24 months of age may be an 
indication for surgical correction. 

The operation consists of ligation of patent processus 
vaginalis via inguinal incision and the distal stump is left 


open, whereas in hydrocele of the cord, the cystic mass is 
excised or unroofed (Fig. 58.3).'°° The sclerosing agents 
should not be used due to the risk of chemical peritonitis 
in communicating processus vaginalis peritonei. The 
Lord or Jaboulay’s technique is used in the treatment of a 
secondary noncommunicating hydrocele.*® 
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Varicocele is defined as an abnormal dilatation oftesticular 
veins in the pampiniform plexus, caused by venous reflux. 
It is unusual in boys under 10 years of age and becomes 
more frequent at the beginning of puberty. It is found in 
15-20% of adolescents with a similar incidence during 
adulthood. It appears mostly on the left side (78-93% of 
cases). Right-sided varicoceles are least common; they are 
usually noted only when bilateral varicoceles are present 
and seldom occur as an isolated finding (Fig. 59.1).!” 
Varicocele develops during accelerated body growth 
by a mechanism that is not clearly understood. Varicocele 
can induce apoptotic pathways because of heat stress, 
androgen deprivation and accumulation of toxic materials. 
Severe damage is found in 20% of adolescents affected, 
with abnormal findings in 46% of affected adolescents. 
Histological findings are similar in children or adolescents 
and in infertile men. In 70% of patients with grade II and III 


Fig. 59.1: A classical left varicocele 


Varicocele in Children 
and Adolescents 


varicocele, left testicular volume loss was found. However, 
studies correlating a hypoplastic testicle with poor sperm 
quality have reported controversial results.”""° 

Several authors reported on reversal of testicular 
growth after varicocelectomy in adolescents. However, 
this may partly be attributable to testicular edema 
associated with the division of lymphatic vessels. In about 
20% of adolescents with varicocele, fertility problems 
will arise. The adverse influence of varicocele increases 
with time. Improvement in sperm parameters has been 
demonstrated after adolescent varicocelectomy. 


DIAGNOSIS 


Varicocele is mostly asymptomatic, rarely causing pain 
at this age. It may be noticed by the patient or parents, 
or discovered by the pediatrician at a routine visit. The 
diagnosis depends upon the clinical findings of a collection 
of dilated and tortuous veins in the upright posture; the 
veins are more pronounced when the patient performs the 

Valsalva maneuver. 

Varicocele is classified into three grades: 

e Grade I: Valsalva positive (palpable at Valsalva 
maneuver only). 

e Grade II: Palpable (palpable without the Valsalva 
maneuver). 

e Grade III: Visible (visible at distance). The size of both 
testicles should be evaluated during palpation to 
detect a smaller testis. 

Venous reflux into the pampiniform plexus is 
diagnosed using Doppler color flow mapping in the 
supine and upright position. Venous reflux detected on 
ultrasound only is classified as subclinical varicocele 
(Fig. 59.2). Sonography of the scrotum (power Doppler 
images) showed: pampiniform plexus veins of diameter 
2.2-2.4 mm. On Valsalva maneuver, the veins appear 
further dilated (measure upto 4.5 mm.). Color Doppler 
imaging of the scrotum may also show bidirectional flow 
in the pampiniform veins. The ultrasound examination 
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Fig. 59.2: Sagittal color Doppler image of the left varicocele 
with the patient performing a Valsalva maneuver, with a marked 
increase of flow through the varicocele 


includes assessment of the testicular volume to 
discriminate testicular hypoplasia. In adolescents, a 
testis that is smaller by more than 2 ml as compared to 
the other testis is considered to be hypoplastic. In order 
to assess testicular injury in adolescents with varicocele, 
supranormal follicle-stimulating hormone and luteinizing 
hormone responses to the luteinizing hormone-releasing 
hormone (LHRH) stimulation test are considered reliable, 
as histopathological testicular changes have been found in 
these patients.!""® 


TREATMENT OF VARICOCELE 


Surgical intervention is based on ligation or occlusion 
of the internal spermatic veins. Ligation is performed at 
different levels: 

e Inguinal (or subinguinal) microsurgical ligation 

e Suprainguinal ligation using open or laparoscopic 

techniques (Fig. 59.3). 

The advantage of the former is the lower invasiveness 
of the procedure, while the advantage of the latter is a 
considerably lower number of veins to be ligated and 
safety of the incidental division of the internal spermatic 
artery at the suprainguinal level. 

Forsurgicalligation, some form of optical magnification 
(microscopic or laparoscopic magnification) should be 
used because the internal spermatic artery is 0.5 mm in 
diameter at the level of the internal ring. The recurrence 
rate is usually less than 10%. Angiographic occlusion is 
based on retrograde or antegrade sclerotization of the 
internal spermatic veins (Fig. 59.4). 

Lymphatic-sparing varicocelectomy is preferred to 
prevent hydrocele formation and testicular hypertrophy 
development, and to achieve a better testicular function. 


Fig. 59.3: A sagittal gray scale image of a left varicocele 


Fig. 59.4: Surgical incision sites as correlated to the 
venous drainage 


According to the LHRH stimulation test, the methods 
of choice are subinguinal or inguinal microsurgical 
(microscopic) repairs, or suprainguinal open or 
laparoscopic lymphatic-sparing repairs. Angiographic 
occlusion of the internal spermatic veins also meets these 
requirements. However, although this method is less 
invasive, it appears to have a higher failure rate. There is 
no evidence that treatment of varicocele at pediatric age 
will offer a better andrological outcome than an operation 
performed later. The recommended indication criteria for 
varicocelectomy in children and adolescents are: 

e Varicocele associated with a small testis 

e Additional testicular condition affecting fertility 

e Bilateral palpable varicocele 
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e Pathological sperm quality (in older adolescents) 
e Varicocele associated with a supranormal response to 

LHRH stimulation test 
e Symptomatic varicocele. 

Repair ofalargevaricocele, physically or psychologically 
causing discomfort, may be also considered. Other 
varicoceles should be followed-up until a reliable sperm 
analysis can be performed.®*! 

The open microsurgical varicocele repairs offers 
reliable identification and preservation of the testicular 
artery or arteries, cremasteric artery or arteries, and 
lymphatic channels and reliable identification of all 
internal spermatic veins and gubernacular veins. Delivery 
of the testis assures direct visual access to all possible 
routes of venous return, including external spermatic, 
cremasteric, and gubernacular veins. Postoperatively, 
venous return is via the vasal veins, which drain into the 
internal pudental system and usually have competent 
valves. 
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Posterior urethral membrane or valves are the most 
common etiology of bladder outlet obstruction in male 
children. Congenital membrane-like structures located 
in the distal prostatic urethra covered by transitional 
epithelium. The patients with posterior urethral membrane 
or valves are present with varying degrees of obstruction 
and are usually diagnosed within the first year of life. The 
infants with severe degrees of obstruction may present 
with a palpable bladder and bilateral hydronephrotic flank 
masses, urinary ascites, renal insufficiency and infection."” 

The posterior urethral valves (PUVs) are one of the 
few life-threatening congenital anomalies of the urinary 
tract found during the neonatal period. Even despite 
optimal treatment, PUV in children may result in renal 
insufficiency in nearly 35% of cases. Posterior urethral 
valve are found 1 in 1,250 in a population undergoing fetal 
ultrasound screening.** 


CLASSIFICATION OF POSTERIOR 
URETHRAL VALVES 


Classification by Young was proposed in 1919 into three 
types is still popular. 


Type | 


It appears as mucosal sails extending from either side of the 
distal verumontanum and attaching to the anterolateral 
walls of the membranous urethra. These valves are most 
common. 


Type Il 


This type of valves are more proximal arising from the 
verumontanum and passing toward the bladder neck. 
They are generally not believed to be a clinically significant 
cause of obstruction. 


Posterior Urethral Valves 
or Membrane 


Type Ill 


This presents membrane-like structures, proximal or 
distal to the verumontanum, usually with a small central 
perforation and are not attached to the verumontanum. 


PRESENTATION OF POSTERIOR URETHRAL 
VALVE OR MEMBRANE 


The patients usually present as neonates with bladder 
outlet obstruction-poor urinary stream and urinary tract 
infection (UTI). The PUV may rarely be diagnosed during 
later childhood, adolescence or rarely in adulthood. 
Symptoms in later age group are repeated UTI or 
nocturnal enuresis with poor urinary stream is seen in 
only 10% of cases, which present late. Sometimes vesical 
calculus is seen in children in the developing world and 
presents with frequency and hematuria. 


Prenatal Diagnosis 


Widespread use of antenatal ultrasonography has enabled 
diagnosis of PUVs in many more individuals, with most 
cases of bladder outlet obstruction recognized in the 
second and third trimester of gestation. The diagnosis is 
usually made before, or at birth when a boy is evaluated 
for antenatal hydronephrosis. This is also true that despite 
widespread use of antenatal ultrasonography,’ some 
patients with PUVs do present later in life. 


Delayed Presentation 


Lower urinary tract symptoms, UTI, diurnal enuresis in boys 
older than 5 years, secondary diurnal enuresis, voiding pain 
or dysfunction and an abnormal urinary stream may indicate 
the presence of PUVs. Sometime PUV is discovered during 
evaluation of abdominal mass or renal failure. Bilateral 
hydronephrosis or proteinuria found on examination for 
unrelated conditions may be the first sign of PUVs. 
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WORK-UP OF POSTERIOR URETHRAL VALVES 


The obstruction of urethra affects the whole urinary 
tract in varying degrees (Fig. 60.1). Prostatic urethra is 
distended and the ejaculatory ducts may be dilated due to 
urinary reflux and the bladder neck is hypertrophied and 
rigid. All patients with PUV may have dilatation of both 
the upper urinary tracts. The development of hydroureter 
and hydronephrosis may be due to the valve itself and the 
high pressure in the bladder, or due to obstruction of the 
ureterovesical junction by the hypertrophied bladder.** 

When there is secondary reflux, the affected kidney 
functions poorlyinmostcases. Onprenatalultrasonography 
screening, bilateral hydroureteronephrosis and a 
distended bladder are suspicious signs of a urethral 
valve. When a dilated posterior urethra and a thick- 
walled bladder (keyhole sign) are seen, a PUV is likely. 
With increased echogenity of the kidney, dilatation of the 
urinary tract and oligohydramnios, the diagnosis of a PUV 
should strongly be considered. 

Voiding cystourethrography (VCUG)or micturating 
cysto- urethrogram gram confirms a PUV diagnosis. 
Secondary reflux is observed in at least 50% of patients 
with PUV. Visico ureteric reflux is consistently associated 
with renal dysplasia in patients with PUV. The nuclear 
renography with split renal function is important to assess 
kidney function. Serum creatinine, blood urea nitrogen 
and electrolytes should be monitored closely during the 
first few days. A nadir creatinine of 80 umol/L is correlated 
with a better prognosis.*"' Urethroscopy showing a PUV is 
demonstrated in Figure 60.2. 


Fig. 60.1: Micturating urethrogram showing bladder diverticuli, 
dilated posterior urethra, thin membrane ballooned and 
compressing urethra, just distal to prostate and normal distal urethra 


Fig. 60.2: Posterior urethral membrane/valve seen on 
urethroscopy 


MANAGEMENT OF POSTERIOR URETHRAL VALVES 


Management must be guided by the preservation of renal 
function and prevention of infection. Relief of obstruction 
should be undertaken without delay. Uninfected children 
can have simple endoscopic resection of the valves; 
however, infants with evidence of severe obstruction, 
complicated by infection and renal insufficiency, are 
best managed by primary high urinary diversion as with 
cutaneous pyelostomies or loop ureterostomies. Delayed 
secondary endoscopic resection can be done ata later time. 

In vast majority of cases, simple valve ablation is 
all that is required, but 25% of these patients need to be 
followed-up for life for vesicoureteric reflux, impairment 
of renal function. Proteinuria is a bad prognostic sign 
and usually they develop chronic renal failure eventually. 
These boys can be considered as dialysis and renal 
transplantation provided the bladder functions are normal 
or corrected. 


ANTENATAL TREATMENT 


Intrauterine obstruction leads to a decreased urine 
output, which could result in an oligohydramnios. The 
amnion fluid is necessary for normal development of the 
lung and its absence may lead to pulmonary hypoplasia, 
causing a life-threatening problem. This is important to 
identify those fetuses with good renal function. Sodium 
level below 100 mmol/L, a chloride value of less than 90 
mmol/L and an osmolarity below 200 mOsm/L is found 
in three fetal urine samples gained on three different 
days are associated with a better prognosis.'*° 
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The creation of a vesicoamniotic shunt has a 
complication rate of 21-59%, dislocation of the shunt 
occurs in up to 44% with a mortality of around 35%. 
Shunting is effective in reversing oligohydramnios but 
eventually it makes no difference to the outcome and long- 
term results of patients with PUV. 


POSTNATAL TREATMENT 


Bladder Drainage 


If a boy is born with suspected PUV, drainage of the 
bladder and, if possible, an immediate VCUG is necessary. 
A neonate can be catheterized with 3.5-5 Foley’s catheter. 
A VCUG is performed to see if the diagnosis is correct 
and whether the catheter is within the bladder and not 
in the posterior urethra. An alternative option is to place 
a suprapubic catheter, perform a VCUG and leave the 
tube until the neonate is stable enough to perform an 
endoscopic incision or resection of the valve. 


Valve Ablation 


When the medical situation of the neonate has stabilized 
and the creatinine level has decreased, the next step is 
to remove the intravesical obstruction. Small pediatric 
cystoscopes and resectoscopes are now available either 
to incise or to resect the valve at the 4-5, 7-8 or 12 o'clock 
position, or at all three positions, depending on the 
surgeon’s preference. It is important to avoid extensive 
electrocoagulation, as the most common complication of 
this procedure is stricture formation." 

Anterior urethral valves are far less common and 
generally produce less damage from obstruction. Boys will 
typically present with signs of bladder outlet obstruction, 
infection or a palpable ventral urethral swelling at the 
penoscrotal junction during or after voiding. Urethral 
distention proximal to the valve will result in a saccular 
diverticulum in the bulbar urethra. Diagnosis is made 
by a VCUG. The valve-like obstruction can be relieved 
by endoscopic electroresection; however, an associated 
diverticulum will generally require open excision and 
urethroplasty.'°” 


VESICOSTOMY 


If the child is too small and/or too ill to undergo 
endoscopic surgery, a vesicostomy is used to drain the 
bladder temporarily. If initially a suprapubic tube has been 
inserted, this can be left in place for 6-12 weeks; otherwise, 
a cutaneous vesicostomy provides an improvement or 
stabilization of upper urinary tracts in over 90% of cases." 


Although there has been concern that a vesicostomy could 
decrease bladder compliance or capacity; so far there are 
no valid data to support these expectations.” 


High Diversion 


If bladder drainage is insufficient to drain the upper 
urinary tract, high urinary diversion should be considered. 
Diversion may be suitable if there are recurrent infections 
of the upper tract, no improvement in renal function and/ 
or an increase in upper tract dilatation, despite adequate 
bladder drainage. Choice of urinary diversion depends 
on the surgeon’s preference for high-loop ureterostomy, 
ring ureterostomy, end ureterostomy or pyelostomy, with 
each technique having advantages and disadvantages. The 
reconstructive surgery should be delayed until the upper 
urinary tract has improved as much as can be expected.” 

Vesicoureteric reflux is very common in PUV patients 
(up to 72%) and it is described bilaterally in up to 32%. 
All high-grade reflux is mostly associated with a poor 
functioning kidney. Removal of the renal unit seems to be 
unnecessary, as long as it causes no problems. Over the 
time it may be necessary to augment the bladder and in 
this case the ureter may be used (ureterocystoplasty). 


FOLLOW-UP 


Further Outpatient Care 


The PUVs represent a lifelong disorder that can have 
a profound effect on the entire urinary tract. As such, 
patients need periodic long-term urologic follow-up care. 
Status of the kidney function determines the need for 
additional specialty follow-up care (e.g. with a pediatric 
nephrologist). 


Resolution of Obstruction 


The relief of bladder outlet obstruction is the first step in 
treatment. Following the incision of the valves, a repeat 
VCUG or repeat cystoscopy 1-3 months later confirms 
valve resolution and urethral healing. There may also be 
at risk of subsequent urethral stricture formation; repeat 
these studies at any point in the future if any recurrent 
bladder outlet obstruction symptoms are reported. 


Urodynamics 


The structural changes following PUV may bring also the 
functional changes, which can lead to elevated intravesical 
pressures, may occur in the bladder of patients with PUV. 
It may lead to upper tract changes, urinary incontinence 
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and recurrent UTI. This group of patients may need 
periodic urodynamic studies to determine bladder 
capacity, compliance and postvoid residual urine volumes 
(cystometrography). Uroflowmetry and bladder scanning 
with ultrasound or ultrasound cystodynamics may be a 
noninvasive way to monitor bladder dynamics. 


Urinary Incontinence 


Enuresis may be caused by the bladder changes that 
lead to elevated storage pressures and poor emptying 
and sphincteric dysfunction, secondary to valve ablation 
can be present. The treatment includes anticholinergic 
medication, intermittent catheterization, and in some 
patients, bladder augmentation.About one-third of 
patients may develop end-stage renal failure.’>”* The renal 
transplantation in these patients can be performed safely 
and effectively.”*° 
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Phimosis is a narrowing or constriction of the distal penile 
foreskin, which prevents its normal retraction over the 
glans (Fig. 61.1). It is most commonly acquired as a result 
of poor hygiene and chronic infection. Phimosis rarely 
occurs with a normal foreskin. The inability to retract the 
foreskin is normal during early infancy. These congenital 
adhesions will naturally separate during the first 1-2 years 
of life and are not an indication for circumcision. 

At one year of age, the retraction of the foreskin 
behind the glandular sulcus is possible in only about 50% 
of boys and the incidence of phimosis is 8% in 6-7 year 
olds and just 1% in males aged 16-18 years. Phimosis is 
either primary (physiological) with no sign of scarring, or 
secondary (pathological) to a scarring such as balanitis 
xerotica obliterans. The phimosis has to be distinguished 
from normal agglutination of the foreskin to the glans, 
which is a physiological phenomenon." 

When the prepuce is not retractable or only partly 
retractable and shows a constrictive ring on drawing back 


Fig. 61.1: Phimosis in a child presented with bladder outflow 
obstruction 


Phimosis 


over the glans penis, a disproportion between the width of 
the foreskin and the diameter of the glans penis has to be 
assumed. Moreover in addition to the constricted foreskin, 
there may be adhesions between the inner surface of the 
prepuce and the glanular epithelium. 

Paraphimosis must be regarded as an emergency 
situation; retraction of a too narrow prepuce behind the 
glans penis into the glanular sulcus may constrict the 
shaft and lead to edema. The condition may interfere with 
perfusion distally from the constrictive ring and brings a 
risk of consecutive necrosis.**" 


DIAGNOSIS 


Diagnosis of phimosis and paraphimosis is made by 
physical examination. When the prepuce is not retractable 
or only partly retractable and shows a constrictive ring 
on drawing back over the glans penis, a disproportion 
between the width of the foreskin and the diameter of 
the glans penis has to be assumed. In addition to the 
constricted foreskin, there may be adhesions between the 
inner surface of the prepuce and the glanular epithelium. 
Paraphimosis is characterized by retracted foreskin with 
the constrictive ring localized at the level of the sulcus, 
which prevents replacement of the foreskin over the 
glans.?8 


TREATMENT 


The treatment of phimosis in children is dependent on 
the parents’ preferences and can be plastic or radical 
circumcision after completion of the second year of life 
(Fig. 61.2). 

The plastic circumcision has been introduced with the 
objective of achieving a wide foreskin circumference with 
full retractability, while the foreskin is preserved (dorsal 
incision, partial circumcision). But this procedure carries 
the potential for recurrence of the phimosis. 

The absolute indication for circumcision is secondary 
phimosis. Circumcision may be indicated in primary 
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Fig. 61.2: Circumcision in progress 


phimosis are: recurrent balanoposthitis and recurrent 
urinary tract infections in patients with urinary tract 
abnormalities. Simple ballooning of the foreskin during 
micturition is not a strict indication for circumcision.”** 
Routine neonatal circumcision to prevent penile 
carcinoma is a popular concept but controversial. The 
contraindications for circumcision are coagulopathy, an 
acute local infection and congenital anomalies of the penis, 
particularly hypospadias or buried penis, because the 
foreskin may be required for a reconstructive procedure. 


METHODS OF CIRCUMCISION 
Shield and Knife (Scalpel) 


This is a traditional method used for a Jewish “Bris”. The 
foreskin is pulled out in front of the glans, and a metal 
shield with a slot in it is slid over the foreskin immediately 
in front of the glans. The knife is run across the face of the 
shield to remove the foreskin. In this procedure the glans 
is protected by the shield and the frenulum is not touched. 

In Jewish Bris, the inner foreskin is then slit back to 
behind the glans and removed. The inner foreskin may be 
left intact and just folded back. In this traditional method, 
no stitches are used and the wound simply being bandaged 


up. 


Forceps Guided Method 


In this method, the foreskin is pulled out in front of the 
glans and a pair of stout locking forceps is clamped across 
it, parallel to the corona of the glans and immediately in 
front of the glans. The Bard-Parker knife is run across the 


Phimosis 


face of the forceps furthest from the glans to remove the 
foreskin. Glans is protected by the forceps. The frenulum 
is not removed in this method but it can be removed if 
desired. 

The amount of inner skin remaining equals the 
length of the glans. Edges of inner and outer skin are 
then normally brought together and held by 5/0 or 6/0 
absorbable stitches. 


Freehand Method 
Sleeve Resection of Prepuce 


Foreskin is slid back along the shaft and a freehand cut is 
made around the shaft as far back as the scar line is to be 
placed. Foreskin is returned to cover the glans and another 
cut is made around the shaft at the same position along 
its length as the first and the strip of skin removed. Skin 
edges are pulled together and sutured (Fig. 61.3). Glans 
and frenulum are not involved in this technique. 


Plastibell Method 


In this method, a special commercially made plastic bell 
with a groove at the back of it is slipped between the glans 
and the foreskin if required with a dorsal slit. At this stage, 
the foreskin is pulled slightly forward and suture material 
is looped around in the groove and a surgical knot tied 
tightly as shown in Figure 61.4. The encircling thread cuts 
off the blood supply to the foreskin and drops off, taking 
the Plastibell with it, in 7-10 days. 

Glans and frenulum are protected by the bell and 
the frenulum will never be cut when using the Plastibell. 
Plastibell technique is thus very suitable for use by 
midwives and medical auxiliaries where doctors are not 
available. 


s 


Fig. 61.3: Diagram of “sleeve resection” method 
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Fig. 61.4: Plastibell method of circumcision 


Fig. 61.5: Tara KLamp 


Tara KLamp 


The Tara KLamp is developed in Malaysia which works 
in a very similar fashion to the Plastibell technique. Here 
the plastic arms lock into place to force two surfaces into 
tight contact; with the foreskin trapped between them. The 
Tara KLamp device (Fig. 61.5) is much more bulky than a 
Plastibell and remains on the penis for 7-10 days until it 
is removed or falls off with the dead foreskin. No foreskin 
is cut unless a dorsal slit is required to gain access for the 
bell part. The glans and frenulum are protected in this 
technique (Fig. 61.6). 


Smart KLamp 


Smart KLamp (Fig. 61.7) works in the same way as the 
Tara KLamp. It works by trapping the foreskin between an 
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Fig. 61.6: Circumcision with Tara KLamp 


Fig. 61.7: Smart KLamp 


outer ring and an inner tube, and thus cutting off the blood 
supply to the foreskin, and the excess foreskin is removed 
using the inside of baseplate as a guide (Fig. 61.8). In this 
technique the glans and frenulum are protected. 


Zhenxi Rings 


Zhenxi Rings was developed in China. In this technique a 
grooved sleeve is passed over the glans to sit just behind the 
corona and the foreskin is replaced over this sleeve. Now 
a hinged plastic clamping ring is fitted over the sleeve, the 
position of the foreskin is adjusted and the nut tightened 
to hold the foreskin in place. An encircling strong rubber 
band is then wound tightly around the groove compressing 
the foreskin into the groove of the sleeve below it. The tight 
rubber band cuts off the blood supply and the foreskin 
forward of it dies and falls off (Fig. 61.9). In this technique 
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Fig. 61.8: Use of the Smart KLamp in circumcision 


Fig. 61.9: Disposable foreskin removing Chinese Zhenxi Rings 


the glans and frenulum are protected so that the frenulum 
remains intact. 


Gomco Clamp 


Gomco clamp was introduced in 1934 and more recently, 
the Plastibell, was invented. Both are widely used in 
America. Both device remove tissue at the base of the 
glans, resulting in a loss of the sensitive inner lining of the 
prepuce which is an integral part of the structure of the 
penis and contains large numbers of specialized nerve 
endings involved in normal sexual response. 

The tensioning bar is hooked under a T-shaped piece 
on the top of the bell and screwed down tight to the 


baseplate; this traps the foreskin in position. The foreskin 
is removed with a scalpel. Whole device comes away with 
the severed foreskin. The tightness and positioning depend 
on the amounts of inner and outer skin pulled through 
between the bell and baseplate before the clamp is finally 
tightened. Back of the bell is usually very close to the glans 
rim and hence most of the inner foreskin can be removed 
if desired. Glans and frenulum are protected (Figs 61.10 
and 61.11).*” 


Alternative Methods 
Laser 


There have been reports of the use of laser surgery for 
circumcision. Literature references are very hard to find, 


Inner prepuce 


----> 


Fig. 61.10: Principle of circumcision with Gomco clamp 


Fig. 61.11: Parts of the Gomco clamp 
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but with increased use of lasers in other surgery it is quite 
possibly standard in some quarters. Laser circumcision 
was first reported as having been used in Israel to 
circumcise hemophiliac boys who could not otherwise 
have been circumcised. The glans and frenulum are 
not protected. Tightness and scar placement are both 
unknown quantities. 

Childhood circumcision has an appreciable morbidity 
and should not be recommended without a medical 
reason. As a conservative treatment option of the primary 
phimosis, a corticoid ointment or cream (0.05-0.1%) can 
be administered twice a day over a period of 20-30 days. 
This treatment has no side effects and the mean bloodspot 
cortisol levels are not significantly different from an 
untreated group of patients. Agglutination of the foreskin 
does not respond to steroid treatment. 

The treatment of paraphimosis consists of manual 
compression of the edematous tissue with a subsequent 
attempt to retract the tightened foreskin over the glans 
penis. When this maneuver fails, a dorsal incision of the 
constrictive ring is required. A circumcision is carried out 
immediately to overcome the problem.’ 
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PRELUDE PRESENTATION OF PARAPHIMOSIS 

Paraphimosis is a condition where the retracted foreskin e Foreskin is retracted behind the glans penis and cannot 
remains trapped behind the glans penis with secondary be replaced to its normal position. 

swelling, pain and inflammation (Fig. 62.1). The œe Foreskin forms a tight, constricting ring around the 
paraphimosis classically presents with a painful, swollen glans. 

glans penis in the uncircumcised or partially circumcised ¢ The flaccidity of the penile shaft proximal to the area 
patient. Sometimes, the paraphimosis may be an incidental of paraphimosis is seen (unless there is accompanying 
finding noted by a caretaker of a debilitated patient. When balanoposthitis or infection of the penis). 

left untreated, it can progress with major infection and œe ‘The glans becomes increasingly erythematous and 
eventual ischemia of the glans may lead to gangrene.' edematous. 

Paraphimosis is classically seen in one of the following œe Glans penis is initially its normal pink hue and soft to 
situations:? palpation. The color changes to blue or black and the 
e The children whose foreskins have been forcefully glans becomes firm to palpation as necrosis develops. 

retracted, or who forget to reduce their foreskin after The paraphimosis is a urologic emergency and needs 

voiding or bathing. to be attended to immediately. A number of techniques 
e The men with chronic balanoposthitis. of paraphimosis reduction have been described in case 


e The patients with indwelling catheters in whom studies, though none have been tested in randomized 
caretakers forget to replace the foreskin after control trials. The objectives of each method is to reduce 
catheterization or cleaning. the foreskin to its naturally occurring position over the 

glans penis by manipulating the edematous glans and/or 

the distal prepuce. The procedures can be facilitated by the 
use of local anesthesia with a penile block using lidocaine 
hydrochloride without epinephrine. Alternatively a general 
anesthesia is a better choice.** 

Generally, it is recommends attempting to reduce the 
paraphimosis in the following sequence, from least to 
most invasive. 


MANUAL REDUCTION 


The manual reduction is performed by placing both 
index fingers on the dorsal border of the penis behind 
the retracted prepuce and both thumbs on the end of the 
glans. Glans is pushed back through the prepuce with the 
help of constant thumb pressure while the index fingers 
Fig. 62.1: Paraphimosis pull the prepuce over the glans (Fig. 62.2). 
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Fig. 62.2: Reducing the paraphimosis 


Puncture Method 


Puncture method requires the use of a 21- to 26-gauge 
needle to puncture openings into the foreskin to allow 
edematous fluid to escape from the puncture sites during 
manual compression. The successful reductions have 
been reported with single and up to 20 punctures.° 


Aspiration 


A 20-gauge needle may be used to aspirate stagnated 
blood from the glans. The procedure reduces the volume 
of the glans sufficiently to facilitate manual reduction. 


Vertical Incision 


If success is not obtained with above techniques, the 
successful, the constricting band of the foreskin should 
be incised using a 1-2 cm longitudinal incision between 
two straight hemostats placed in the 12 o’clock position for 
hemostasis.® The incision may frees the constricting ring 
and allows for easy reduction of the paraphimosis. The 


incised margins can then be reapproximated using 5/0 
absorbable sutures. 


Emergency Circumcision 


Emergency circumcision may be indicated if the reduction 
of a paraphimosis cannot be achieved. 


FOLLOW-UP 


Patients with paraphimosis which is reduced with 
minimal intervention still requires outpatient urology 
follow-up in anticipation of recurrences and evaluation for 
possible circumcision. The trauma to the foreskin during 
reduction of a paraphimosis may lead to the development 
of phimosis in up to 30% of patients.’ 


COMPLICATIONS 


The complications of phimosis or paraphimosis may 
include the following: 

e Recurrence 

e Posthitis 

e Necrosis and gangrene of the glans 

e Autoamputation. 


REFERENCES 


l. Tews M, Singer JI. Paraphimosis: Definition, 
pathophysiology, and clinical features. Available from www. 
utdol.com [Accessed March 2012]. 

2. Lundquist ST, Stack LB. Diseases of the foreskin, penis, and 
urethra. Emerg Med Clin North Am. 2001;19(3):529-46. 

3. Raman SR, Kate V, Ananthakrishnan N. Coital paraphimosis 
causing penile necrosis. Emerg Med J. 2008;25(7):454. 

4. Kessler CS, Bauml J. Non-traumatic urologic emergencies in 
men: a clinical review. West J Emerg Med. 2009;10(4):281-7. 

5. Choe JM. Paraphimosis: current treatment options. Am Fam 
Physician. 2000;62(12):2623-6. 

6. Little B, White M. Treatment options for paraphimosis. Int J 
Clin Pract. 2005;59(5):591-3. 


Chapter 


63 


PRELUDE 


Shafiqul Haque 


Evaluation of the newborn with ambiguous genitalia is a 
medical and social emergency. Early sex assignment will 
help to resolve the social implications for the family. No 
other decision will have such a profound impact on the child 
and family. A clear understanding of the pathophysiology 
is essential if a correct decision is to be made confidently.'* 

The Intersex Society of North America and intersex 
activists have moved to eliminate the term “intersex” 
in medical usage, replacing it with “disorders of sex 
development” (DSD) in order to avoid conflating anatomy 
with identity. Members of The Lawson Wilkins Pediatric 
Endocrine Society and the European Society for Pediatric 
Endocrinology accepted the term DSD in their “Consensus 
statement on management of intersex disorders” 
published in the Archives of Disease in Children and in 
Pediatrics. The term is defined by congenital conditions 
in which development of chromosomal, gonadal or 
anatomical sex is atypical. However, this has been met 
with criticism from other activists who question a disease/ 
disability model and advocate no legal definition of sexes, 
no gender assignments, no legal sex on birth certificates, 
and no official sexual orientation categories.” 


MECHANISMS OF SEXUAL DIFFERENTIATION 


The process of normal sexual differentiation is a series 
of staged modifications of bilateral tissue primordia. 
However, these modifications appear to be controlled by 
local factors, independent from one side to the other. 


Genetics of Intersex 


e Sex determining region (SRY) gene is a powerful gene 
responsible for male development. 

e Sex determining region gene can induce male changes 
in female embryo in lab. 

e Translocation of SRY gene can give rise to XX male. 


Ambiguous Genitalia 


Development of the Gonads 


The genetic sex is determined at the time of fertilization 
by the delivery of an X or Y chromosome by the sperm. 
The normal female is 46 XX and the normal male is 46 XY. 
The medulla of the indifferent gonad develops into a testis 
under the influence of the SRY gene, a product of the short 
arm of the Y chromosome. In the absence of the SRY gene, 
the cortex of the indifferent gonad develops into an ovary 
by default. By the seventh week of gestation the gonadal 
sex has been established. 


Development of the Internal Ducts 


By the sixth week of gestation, two paired internal duct 
systems derived from the mesonephric renal system 
exist side by side. The mesonephric (Wolffian) duct will 
give rise to male structures while the paramesonephric 
(Miillerian) duct will become female structures. Male 
differentiation is dependent upon testicular production 
of Miillerian inhibitory factor (MIF) from fetal Sertoli cells 
and testosterone secretion by fetal Leydig cells. Following 
regression of the Miillerian duct under the influence of 
MIF, the Wolffian duct will develop into the epididymis, 
vas deferens and seminal vesicles, under the influence of 
testosterone. In the absence of MIF and testosterone, the 
Müllerian duct will evolve into the fallopian tubes, uterus 
and upper third of the vagina, while the Wolffian duct will 
passively degenerate. 


Development of the External Genitalia 


The external genitalia develop from the urogenital sinus, 
genital tubercle, genital folds and genital swellings. Male 
development is dependent on the ability of these tissues 
to convert testosterone into dihydrotestosterone by the 
enzyme 5-alpha reductase. Female differentiation is 
essentially the unmodified embryologic state, which 
persists in the absence of these hormones. 
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DISORDERS OF SEXUAL DIFFERENTIATION 


All disorders of intersexuality do not produce ambiguous 
genitalia. Numerous distinct disorders of chromosomal, 
gonadal or phenotypic development have been described. 
Patients may present with infertility, delayed puberty or 
primary amenorrhea. All disorders of ambiguous genitalia 
are the result of abnormal virilization (i.e. virilization of a 
genetic female, incomplete virilization of a genetic male or 
partial virilization because of defective genetic assignment). 
Only those disorders, which commonly present with 
ambiguous genitalia in the newborn, will be reviewed. 


Female Phenotype (Female 
Pseudohermaphroditism) 


The female pseudohermaphrodite is an example of a 46 XX 
genetic female with normal ovaries secondary to excessive 
endogenous or exogenous intrauterine androgens. It is 
the most frequent etiology for ambiguous genitalia and 
congenital adrenal hyperplasia is the most common 
reason for virilization. Development of female genitalia 
occurs if SRY gene is absent. 

Congenital adrenal hyperplasia occurs secondary to a 
defect in the glucocorticoid synthesis pathway resulting in 
decreased cortisol production and positive feedback on the 
anterior pituitary to increase adrenocorticotropic (ACTH) 
release. The elevated ACTH levels cause adrenal hyperplasia 
and increased adrenal androgen synthesis. A defect in 
21-hydroxylase with salt loosing symptoms account for about 
90% of cases. The remaining 10% are due to a deficiency of 
11b-hydroxylase with associated salt retention. 

Other causes of excessive androgens include exogenous 
maternal ingestion of certain progestins or maternal 
virilizing tumors such as arrhenoblastomas or luteomas. 


Male Phenotype (Male Pseudohermaphroditism) 


The male pseudohermaphrodite is an example of an 
incompletely virilized 46 XY genetic male with normal testes. 
Causes include defective androgen synthesis, defective 
androgen action, deficient 5-alpha reductase activity 
(pseudovaginal perineoscrotal hypospadias), or deficient 
MIF, When the androgen defect is severe, patients may have 
completely feminine external genitalia with intra-abdominal 
testes (complete testicular feminization). 


True Hermaphroditism 


The true hermaphrodite is rare. These individuals have 
both testicular and ovarian elements; a uterus is usually 
present, as are internal ducts, which correspond to the 


gonad on the side (i.e. testis, ovary or ovotestis). The most 
common karyotype is 46 XX (80%). Differentiation of the 
external genitalia is variable and hypospadias is common. 


Mixed Gonadal Dysgenesis 


Mixed gonadal dysgenesis is an abnormality of sex 
chromosome number with the most common karyotype 
being 46 XY / 45 XO mosaic. Most patients are poorly 
virilized and infertile, so consequently are raised as 
females. It is reported to be the second most frequent cause 
of ambiguous genitalia. Twenty five percent of patients will 
develop testicular gonadoblastomas if reared as males. 


WORK-UP OF AMBIGUOUS GENITALIA 
History (Family, Maternal, Neonatal) 


A detailed family history of any abnormal sexual 
development, including unexplained fetal deaths, 
infertility, amenorrhea and hirsutism, should be taken. 
Mother should be asked about any medications or drugs 
taken during pregnancy (i.e. progestational agents are 
converted to androgens). ™?? 
The following points need to be elicited while taking 
history: 
e Parental consanguinity 
e Previous DSD or genital anomalies 
e Previous neonatal deaths 
e Primary amenorrhea or infertility in other family 
members 
e Maternal exposure to androgens 
e Failure to thrive, vomiting, diarrhea of the neonate. 


Physical Examination 


The following features must be kept in mind at the time of 
physical examination: 

e Pigmentation of genital and areolar area 

e Hypospadias or urogenital sinus 

e Size of phallus 

e Palpable and/or symmetrical gonads 

e Blood pressure. 

The infant should be examined carefully for a palpable 
gonad in the labioscrotal fold or scrotum, which would 
exclude the diagnosis of female pseudohermaphroditism 
(Fig. 63.1). Hyperpigmentation ofthe areola or labioscrotal 
folds suggests elevated levels of ACTH (ACTH shares a 
common subunit with melanocyte stimulating hormone) 
and therefore congenital adrenal hyperplasia. Evidence 
of dehydration suggests a salt losing (21-hydroxylase 
deficiency) congenital adrenal hyperplasia, while 
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Fig. 63.1: Figure showing a two and half year boy with ambiguous 
sex. The Y-chromosome was normal with respect to the molecular 
analysis carried out on the sex determining region Y, azoospermia 
factor and deleted in azoospermia genes 


significant hypertension suggests sodium retention 
(11b-hydroxylase deficiency). A uterus may be palpable 
in the lower abdomen. The size of the phallus and the 
position of the urethral meatus should be recorded. It 
must be remembered that if it is possible to feel a gonad, 
it is almost certainly a testis; this clinical finding therefore 
virtually excludes 46 XX DSD. Medical photography can be 
useful but requires sensitivity and consent.” 

The phallus should be measured. A cotton bud placed 
at the suprapubic base of the implant of the stretched 
phallus allows for a good measurement of phallic length. 
The opening of the urogenital sinus must be well evaluated. 
Is there only one opening visible? Can a hymenal ring be 
seen? What does the fusion of the labioscrotal folds look 
like; do the folds show rugae or some discoloration? 


Investigations 


e Blood analysis: 17-hydroxyprogesterone, electrolytes, 
luteinizing hormone, follicle stimulating hormone, 
TSH, cortisol and ACTH 

e Urine: adrenal steroids 

e Karyotype 

e Ultrasound 

e Genitogram 

e Human chorionic gonadotrophin (hCG) stimulation 
test 

e Androgen-binding studies 

e Endoscopy. 


Choice of Laboratory Investigations 


The following laboratory investigations are mandatory: 

e Karyotype 

e Plasma 17-hydroxyprogesterone assay 

e Plasma electrolytes 

e Ultrasonography to evaluate the presence of Müllerian 
duct structures. 


Biochemical Studies 


Plasma measurements: 17-OH-progesterone elevation after 
the first 36 hours of life suggests 21-hydroxylase deficiency 
(upper limit of normal 200 ng/dl). 11-deoxycortisol 
elevation suggests 11b-hydroxylase deficiency. 

Testosterone levels, before and after hCG stimulation 
(2000 IU/day for 4 days) in the male pseudohermaphrodite, 
are helpful in differentiating androgen resistance from a 
defect in androgen synthesis. 


Urinary Measurements 


e 17-ketosteroids are metabolites of adrenal androgens 
(normal < 15 mg/24 hours) 

e Pregnanetriol is a metabolite of 17-OH progesterone 

e Culture skin fibroblasts can be utilized to test for 
androgen resistance when necessary. 


Imaging 


Ultrasound can help to describe the palpated gonads or 
to detect nonpalpated gonads. However, the sensitivity 
and specificity are not high. On ultrasound, the Miillerian 
structures can be evaluated. Is there a vagina? Are there 
some abdominal gonads? Is there a vaginal or utricular 
structure visible?" 

Genitography can provide some more information on 
the urogenital sinus. Genitogram showing the confluence 
of urethra and genital tract into the common urogenital 
sinus is shown in Figure 63.2. How low or how high is the 
confluence? Is there any duplication of the vagina? How 
does the urethra relate to the vagina? Genitography can be 
performed by injecting contrast into the urogenital sinus 
under fluoroscopic control. 


Endoscopic Evaluation 


Further examinations under general anesthesia can 
be helpful. On cystoscopy, the urogenital sinus can be 
evaluated and the level of confluence between the bladder 
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Fig. 63.2: Genitogram showing the confluence of urethra and 
genital tract into the common urogenital sinus 


neck and the bladder. Cystoscopy can also be used to 
evaluate the vagina or utriculus, e.g. the presence ofa cervix 
at the top of the vagina can be important information. 

Laparoscopy is necessary to obtain a final diagnosis on 
the presence of impalpable gonads and on the presence of 
Miillerian structures. If indicated, a gonadal biopsy can be 
performed.'6"” 

Endoscopy can define the presence of a cervix and help 
in performing genitography. Ultrasonography can help 
document the presence of a uterus and fallopian tubes and 
thereby rule out male pseudohermaphroditism. Exploratory 
laparatomy and gonadal biopsy may become necessary. 


Chromosome Studies 


Buccal smear: The presence of a Barr body (chromatin 
clumps on the nuclear membrane) within cells from the 
buccal mucosa can quickly suggest the genetic sex. The 
Barr body, which represents the second X-chromosome, is 
found in more than 20% of the cells of anormal female and 
less than 2% of the cells of a normal male. 


Karyotype analysis: Itshould be performed from cultured 
peripheral blood leukocytes arrested in metaphase. This 
will provide detailed chromosomal information; however, 
the results are usually not available for 3-4 days. 


Sex assignment: No other medical intervention will 
have such a profound effect on the life of the patient. Sex 
assignment should be made with family consultation and 
only after all of the studies are complete. One general 


principle usually guides the decision. Patients with an 
inadequate phallus should be reared as female, regardless 
of the genetic or gonadal sex.'*"” 


GENDER ASSIGNMENT 


This is a very complicated task. It should take place after 

a definitive diagnosis has been made. The idea that 

an individual is sex-neutral at birth and that rearing 

determines gender development is no longer the standard 

approach. Instead, gender assignment decisions should 

be based upon: 

e Age at presentation 

e Fertility potential 

e Size of the penis 

e Presence ofa functional vagina 

e Endocrine function 

e Malignancy potential 

e Antenatal testosterone exposure 

e General appearance 

e Psychosocial well-being and a stable gender identity. 
Each patient presenting with DSD should be assigned 

a gender as quickly as a thorough diagnostic evaluation 

permits. 


TIMING OF GENITAL RECONSTRUCTION 


Appropriate reconstruction of the external genitalia is 
best delayed until after sometime for normal growth is 
allowed. Reconstruction between 6 and 12 months of age 
is reasonable.'”® 

It is always possible to reassign the sex of a baby, born 
with ambiguous sex. It is also important to trust the centers 
which are familiar with such test. 


MANAGEMENT 


The rationale and objective for early surgery includes: 

e Beneficial effects of estrogen on infant tissue 

e Avoiding complications from anatomical anomalies 

e Minimizing family distress 

e Mitigating the risks of gender-identity confusion. 
Adverse outcomes of genital reconstruction have led to 

recommendations to delay unnecessary surgery to an age 

when the patient can give informed consent. Early surgery 

should be reserved for those patients with high confluent 

urogenital tracts, girls with severely masculinized genitalia 

and boys with undervirilized genitals. Vaginoplasty 

should be delayed until puberty and milder forms of 

masculinization should not be treated surgically. 
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Feminizing Surgery 


Clitororeduction 


Reduction of an enlarged clitoris should be done with 
preservation of the neurovascular bundle. Clitoral surgery 
has been reported to have an adverse outcome on sexual 
function and clitoral surgery should therefore be limited 
to severely enlarged clitorises. Informed parental consent 
should be obtained. Although some techniques that 
conserve erectile tissue have been described, the long- 
term outcome is unknown. 

Separation of the vagina and the urethra is preserved 
for high confluence anomalies. Many techniques for 
urogenital sinus repair have been described, but their 
outcome has not been evaluated prospectively. 

Vaginoplasty should be performed during the teenage 
years. Every technique (self dilatation, skin or bowel 
substitution) has its specific advantages and disadvantages. 
All carry a potential for scarring that would require further 
surgery before sexual function was possible. 


Esthetic Refinements 


The goals of genital surgery are to maximize anatomy to 
allow sexual function and romantic partnering. Esthetics 
are important in this perspective. The reconstruction of 
labia minora from an enlarged clitoral hood is an example 
of esthetic refinement." 


Masculinizing Surgery 


Hormone Therapy 


This approach may include a dose of testosterone in life 
is advocated by many authorities. The level of evidence is 
low for restoration of normal penile size. 


Hypospadias Surgery 

All principles of hypospadias repair should be adopted to 
provide the best cosmetic outcome. 

Excision of Müllerian Structures 


In the undetermined sex patient assigned a male gender, 
Miillerian structures should be excised. There is no 
evidence about whether utricular cysts need to be excised. 


Orchidopexy 


Orchidopexy may be a very important clinical issue when 
the scrotum is empty. It should be performed within first 
six month of life if there is no other contraindication. 


Phalloplasty 


The increasing experience of phalloplasty in the treatment 
of female to male trans-sexual patients has led to reports 
about the reliability and feasibility of this technique. It 
has therefore become available to treat severe penile 
inadequacy in this group of patients. 


Esthetic Refinements 


These include correction of penoscrotal transposition, 
scrotoplasty and insertion of testicular prostheses. 


Gonadectomy 


Germ cell malignancy only occurs in patients with intersex 
patients who have Y-chromosomal material. The highest 
risk is seen in patients with gonadal dysgenesis and in 
patients with partial androgen insensitivity with intra- 
abdominal gonads. Intra-abdominal gonads of high-risk 
patients should be removed at the time of diagnosis.” 
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PRELUDE 


Emdadul Haque 


Micropenis is a small, but otherwise normally formed penis 

with a stretched length of less than 2.5 standard deviations 

below the mean.’” Besides an idiopathic micropenis, two 
major causes of abnormal hormonal stimulation have 
been identified: 

e Hypogonadotropic hypogonadism (due to an 
inadequate secretion of gonadotropin releasing 
hormone) 

e Hypergonadotropic hypogonadism (due to failure of 
the testes to produce testosterone). 


DIAGNOSIS 


The penis is measured on the dorsal aspect, while 
stretching the penis, from the pubic symphysis to the 
tip of the glans. The corpora cavernosa are palpated, the 
scrotum is often small, and the testes may be small and 
descended. Micropenis should be distinguished from 
buried and webbed penis, which is usually of normal 
size. The initial evaluation has to define whether the 
etiology of the micropenis is central (hypothalamic/ 
pituitary) or testicular. A pediatric endocrinology work 
up has to be carried out immediately. Karyotyping is 
mandatory in all patients with a micropenis.*” Endocrine 
testicular function is assessed (baseline and stimulated 
testosterone, luteinizing hormone and follicle stimulating 
hormone serum levels). Stimulated hormone levels may 
also give an idea of the growth potential of the penis. In 
patients with nonpalpable testes and hypogonadotropic 
hypogonadism, laparoscopy should be carried out to 
confirm vanishing testes syndrome or intra-abdominal 
undescended hypoplastic testes. This investigation can 
be delayed until the age of 1 year.” 


Micropenis 


TREATMENT 


Pituitary or testicular insufficiency is treated by the 
pediatric endocrinologist. In patients with testicular 
failure and proven androgen sensitivity, androgen 
therapy is recommended during childhood and at 
puberty to stimulate the growth of the penis.’ In the 
presence of androgen insensitivity, good outcome of 
sexual function is questioned and gender conversion can 
be considered.** 
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PRELUDE 


Paddy Dewan 


Hypospadias is a congenital anomaly of the penis resulting 
from an incomplete development of the anterior urethra. 
Hypospadias can be defined as hypoplasia of the tissues 
forming the ventral aspect of the penis beyond the division 
of the corpus spongiosum. The urethral meatus is located 
proximally anywhere from the glans penis to the perineum, 
thought to be caused by incomplete fusion of urethral folds. 
In addition to ventral opening there is abnormal curvature 
of penis and abnormal distribution of foreskin (Fig. 65.1). 
Prevalence of hypospadias is from 4.7 to 8 per thousand 
male births. Associated abnormalities are undescended 
testis (9%) and inguinal hernia with or without hydrocele 
(9%). Presumed males with any degree of hypospadias, 
in whom one or both gonads are not palpable, should be 
evaluated for an intersex state.'* 


Fig. 65.1: Proximal shaft hypospadias is shown. Note the deficient 
ventral foreskin, blind urethral pit at the glanular level and lighter 
pigmented urethral plate extending to the true meatus at the 
proximal shaft level 


Repair ot Hypospadias: 
Current Trend 


HISTORY 


The earliest medical text describing hypospadias 
dates back to the second century AD and was the 
work of Galen, the first to use the term. During the first 
millennium, the primary treatment for hypospadias was 
amputation of the penis distal to the meatus. Since that 
time, many have contributed to development of modern 
hypospadias repair. Over 300 different types of repairs 
have been described in the medical literature. Although 
most reports have been in the last 60 years, most basic 
techniques were described over a century ago. Modern 
anesthetic techniques, fine instrumentation, sutures, 
dressing materials and antibiotics have improved clinical 
outcomes and have, in most cases, allowed surgical 
treatment with a single stage repair within the first year of 
life on an outpatient basis. 


PATHOPHYSIOLOGY OF HYPOSPADIAS 


This is a congenital defect that is thought to occur 
embryologically during urethral development, from 
8 weeks to 20 weeks gestation. The external genital 
structures are identical in males and females until 8 weeks 
gestation, the genitals develop a masculine phenotype in 
males primarily under the influence of testosterone. As the 
phallus grows, the open urethral groove extends from its 
base to the level of the corona. The classic theory is that 
the urethral folds coalesce in the midline from base to tip, 
forming a tubularized penile urethra and median scrotal 
raphe. This accounts for the posterior and middle urethra. 
The anterior or glanular urethra is thought to develop in 
a proximal direction, with an ectodermal core forming 
at the tip of the glans penis, which canalizes to join with 
the more proximal urethra at the level of the corona. The 
higher incidence of subcoronal hypospadias supports the 
vulnerable final step in this theory of development. 

The location of the abnormal urethral meatus classifies 
the hypospadias. Although several different classifications 
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Fig. 65.2: Commonly used classification system of hypospadias 


have been described, most physicians use the classification 
that was proposed by Barcat and modified by Duckett, 
which describes the location of the meatus after correction 
of any associated chordee (Fig. 65.2).2° Descriptive 
locations include anterior (glanular and subcoronal), 
middle (distal penile, midshaft and proximal penile) and 
posterior (penoscrotal, scrotal and perineal). The location 
is anterior in 50% of cases, middle in 20% and posterior in 
30%; the subcoronal position is the most common overall.” 


Familial Incidence 


e Seven percent will have a father with hypospadias 

e Fourteen percent will have a brother with hypospadias 

e Twenty-one percent will have a second family member 
with hypospadias. 


CLASSIFICATION SYSTEM OF HYPOSPADIAS 


Commonly used classification of hypospadias is given as 
follows: 


Anterior Hypospadias 


e Glanular 
e Coronal 
e Subcoronal. 


Middle Hypospadias 


e Mid shaft 
e Proximal penile 
e Distal penile. 


Posterior Hypospadias 


e Penoscrotal 
e Scrotal 
e Perineal. 


Clinical Presentation 


e Urethral meatus opens in the ventral aspect of penis or 
perineum 

e Abnormal ventral curvature of penis 

e Dorsal hood of skin. 


Associated Abnormalities 


e Cryptorchidism 
e Inguinal hernia. 


RISK FACTORS FOR HYPOSPADIAS 


Risk factors associated with hypospadias are likely to be 
genetic, placental and/or environmental. 
e Endocrine disorders can be detected in a very few cases. 
e Babies of young or old mothers and babies with a low 
birth weight have a higher risk of hypospadias 
e A significant increase in the incidence of hypospadias 
over the last 20 years suggests a role for environmental 
factors (hormonal disruptors and pesticides). 
The use of oral contraceptives prior to pregnancy has 
not been associated with an increased risk of hypospadias 
in the offspring. 


Associated Anomalies 


Undescended testes occur in about 10% of cases, as do 
inguinal hernias in about 10%. In the more proximal 
varieties of hypospadias, undescended testes occur in 
up to 30% of cases. Upper tract anomalies occur in about 
5% and other system anomalies are even less common; 
however, their presence should alert one to fully evaluate 
the upper urinary tract. Intersex must be considered in 
patients with severe forms of hypospadias and ambiguous 
genitalia or nonpalpable testes. 

Repair of hypospadias involves correction of two 
problems: (i) correction of chordee and; (ii) reconstruction 
of urethra by single stage procedure or multistage 
procedure. There are more than 200 different hypospadias 
repair techniques described, which reflect that no single 
procedure is perfect to reconstruct a particular type of 
hypospadias. Every year many techniques for repair of 
hypospadias are suggested in the literature but soon only 
few procedures are taken as time tested and practiced 
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worldwide. Most surgeons use some techniques with 
modification of the procedure of their own. This chapter 
will review the current popular techniques only." 


DIFFERENTIAL DIAGNOSIS OF HYPOSPADIAS 


Undescended testes and inguinal hernias are the most 
common anomalies associated with hypospadias; look for 
undescended testes and inguinal hernias during the review 
of symptoms and physical examination. In 1981, areview by 
Khuri of over 1,000 patients with hypospadias reported that 
the incidence of undescended testes and inguinal hernias 
was 9% for each.’ With more severe forms of hypospadias, 
the incidence of undescended testes exceeded 30% and the 
incidence of inguinal hernias approached 20%. 

The combination of hypospadias and undescended 
testis can be an indicator of an underlying disorder of 
sexual development (DSD) or intersex. In a 1999 study by 
Kaefer et al. DSD states were identified in approximately 
30% of patients with unilateral or bilateral undescended 
testes and hypospadias and more proximal meatal location 
carried a higher association of DSD states than more 
distal meatal location.“ If any gonad was nonpalpable, 
the incidence rose to 50%; however, if both gonads were 
palpable, the incidence was only 15%. 

A prostatic utricle is occasionally noted when 
catheterization of the urethra is attempted in patients with 
hypospadias. 


OBJECTIVES OF REPAIR OF HYPOSPADIAS 


e Terminal external meatus 
e Urinary stream directed distally 
e Straight penis. 


DIAGNOSIS 


Patients with hypospadias should be diagnosed at birth 
(except for the megameatus intact prepuce variant). 
e Diagnosis includes a description of the local findings 
— Position, shape and width of the orifice 
— Presence of atretic urethra and division of corpus 
spongiosum 
— Appearance of the preputial hood and scrotum 
— Size of the penis. 
— Curvature of the penis on erection 
e ‘The diagnostic evaluation also includes an assessment 
of associated anomalies, which are: 
— Cryptorchidism (in up to 10% of cases ofhypospadias) 
— Open processus vaginalis or inguinal hernia in 9-15%. 
Severe hypospadias with unilaterally or bilaterally 
impalpable testis or with ambiguous genitalia, require a 


complete genetic and endocrine work-up immediately 
after birth to exclude intersexuality, especially congenital 
adrenal hyperplasia. Urine trickling and ballooning of the 
urethra requires exclusion of meatal stenosis. 

The incidence of anomalies of the upper urinary tract 
does not differ from the general population, except in very 
severe forms of hypospadias. 


TREATMENT OF HYPOSPADIAS 


Medical Care 


Minor cases of hypospadias, in which the meatus is located 
up toward the tip of the glans, may not require surgical 
repair and may simply be managed with observation. 


Surgical Care 


The goals of treating hypospadias are to create a straight 
penis by repairing any curvature (orthoplasty), to create a 
urethra with its meatus at the tip of the penis (urethroplasty), 
to reform the glans into a more natural conical configuration 
(glansplasty), to achieve cosmetically acceptable penile 
skin coverage and to create a normal appearing scrotum. 
The resulting penis should be suitable for future sexual 
intercourse, should enable the patient to void while standing 
and should present an acceptable cosmetic appearance. 


Timing of Surgery 

Before 1980s, hypospadias repair was performed in 
children older than 3 years because of the larger size of 
the phallus and a technically easier procedure; however, 
genital surgery at this age (genital awareness occurs 
at about the age of 18 months) can be associated with 
significant psychological morbidity, including abnormal 
behavior, guilt and gender identity confusion. 

Currently, most physicians attempt to repair 
hypospadias when the child is aged 4-18 months, trending 
toward earlier intervention. This has been associated with 
an improved emotional and psychologic result. 

Late hypospadias repair, in the pubertal and 
postpubertal period, is associated with complications, 
primarily urethrocutaneous fistula, in nearly half of 
patients. More recent reports suggest a higher rate of 
complication in five-year-old patients than in one-year-old 
patients, suggesting that earlier repair is generally better. 

Differentiation between functionally necessary and 
esthetically feasible operative procedures is important for 
therapeutic decision making. 

e The functional indications for surgery are 
— Proximally located meatus 
— Ventrally deflected urinary stream 
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— Meatal stenosis 

— Curve penis 
e The cosmetic indications, which are strongly linked 

to the psychology of the parent or future patient’s 

psychology, are 

— Abnormally located meatus 

— Cleft glans 

— Rotated penis with abnormal cutaneous raphe 

— Preputial hood 

— Penoscrotal transposition 

— Split scrotum. 

As all surgical procedures carry the risk of 
complications, thorough preoperative counseling of the 
parents is crucial. The therapeutic objectives are to correct 
the penile curvature, to form a neourethra of an adequate 
size, to bring the neomeatus to the tip of the glans, if 
possible and to achieve an overall acceptable cosmetic 
appearance of the boy’s genitalia.”* 

The use of magnifying spectacles and special fine 
synthetic absorbable suture materials (6/0-7/0) is required. 
As in any penile surgery, an exceptional prudence should 
be adopted with the use of cautery. Knowledge of a variety 
of surgical reconstructive techniques, wound care and 
postoperative treatment are essential for a satisfactory 
outcome. Preoperative hormonal treatment with local or 
parenteral application of testosterone, dihydrotestosterone 
or beta-chorionic gonadotropin can be helpful in patients 
with a small penis or for repeat surgery. 


Techniques of Hypospadias Repair 


The specific techniques for hypospadias repair are beyond 
the scope of this article, however, the types of repairs can 
be generically grouped and the approach to the repair is 
relatively standard. 

After fully assessing the penile anatomy, the shaft skin of 
the penis is degloved to eliminate any skin tethering and an 
artificial erection is performed to rule out any curvature. Mild 
to moderate chordee may be repaired by excising any ventral 
fibrous tethering tissue or by plicating the dorsal tunics of 
the corporal bodies, compensating for any ventral to dorsal 
disproportion. More severe chordee may require grafting of 
the ventral corporal bodies using synthetic, animal (small 
intestinal subunit), cadaveric or autologous tissues (tunica 
vaginalis or dermal grafts) to avoid excessive shortening 
of penile length. On rare occasion, the urethral plate may 
be tethered and transection of the plate may be required, 
precluding the use of native urethral tissues for urethroplasty. 

The urethra may be extended using various techniques. 
These techniques are generally categorized as primary 
tubularizations, local pedicled skin flaps, tissue grafting 
techniques or meatal advancement procedures. 


The tubularized incised plate (TIP) repair has 
become the most commonly used repair for both distal 
and midshaft hypospadias. This technique is a primary 
tubularization of the urethral plate, with incision of 
the posterior wall of the plate, which allows it to hinge 
forward. This creates a greater diameter lumen than would 
otherwise be possible, obviating the routine use of a flap 
or graft to bridge a short narrow segment of urethral plate. 
The procedure has proved adaptable to various settings 
and current surveys indicate that this is the procedure of 
choice for most repairs by most urologists.® 114-20 

For repeat repairs after unsuccessful surgery for 
hypospadias when local tissues are unavailable, buccal 
mucosa has been used for urethral grafting. This tissue 
is well suited for this purpose because of its availability, 
characteristics that favor graft success and its resilience to 
a moist environment. Urethral stents are generally used for 
bladder drainage while healing occurs in all but the most 
distal hypospadias repairs. 


Steps of Repair of Hypospadias 


Glans flaps are generally mobilized to cover the distal 
urethral repair, bringing the divergent ventral components 
to the midline and creating a more conical configuration. 
The excess dorsal skin is mobilized to the deficient ventral 
aspect of the penis for final skin coverage. 

The repair of penoscrotal transposition is often 
performed as a staged procedure because the necessary 
incisions may compromise the vascular pedicle to skin flaps 
used in the primary urethroplasty. The repair of penoscrotal 
transposition is usually deferred at least six months to allow 
for adequate formation of collateral blood supply. 

The repair of hypospadias is generally planned as a 
single stage procedure, but excessive chordee (especially 
if transection of the urethral plate is required), poor 
skin availability and small phallic size may be better 
approached in a staged manner. The chordee is repaired 
and the skin is mobilized to the ventral penile shaft during 
the first stage and the urethroplasty and glansplasty are 
repaired after the first stage has completely healed. 


Adjuvant Hormonal Therapy 


Although no medical therapy for the correction of 
hypospadias is known, hormonal therapy has been used 
as an adjuvant treatment for infants with exceptionally 
small phallic size. Presurgical treatment with testosterone 
injections or creams, as well as human chorionic 
gonadotropin injections, has been used to promote penile 
growth and some have reported improvement in chordee 
with lessening in the severity of the hypospadias. The 


386 


Section 7 Pediatric Urology 


fact that prepubertal androgen therapy may limit normal 
genital growth at puberty is a concern but has not been 
confirmed clinically. 


Orthoplasty for Chordee 


Correction of the ventral deflection of the penis caused 
by fibrous chordee is called orthoplasty. It is performed 
by making a circumferential incision around the coronal 
margin and ventrally this incision comes just distal to the 
urethral meatus. The dissection is carried down to the 
tunica albuginea of the corpora cavernosa. The fibrous 
plaque like tissue which is densely adherent to the tunica 
albuginea is removed with sharp dissection. The urethra 
may also be elevated from the corporal bodies proximally 
to remove any chordee tissue found there as well. When all 
chordee tissue has been removed, placing a tourniquet at 
the base of the phallus and injecting normal saline in one 
corpus cavernosum should perform an artificial erection. If 
the penis is straight the orthoplasty is complete. If residual 
chordee persists dorsal plication or Nesbits’ technique 
may be applied. 


Snodgrass Tubularized Incised Plate 
Urethroplasty Technique 


Under general anesthesia a 5/0 prolene traction suture is 
placed in the glans penis. Two parallel longitudinal lines of 
incision are marked from the urethral meatus to the tip of the 
glans, defining an intervening urethral plate of 7-9 mm in 
width. This width may be increased as appropriate for patient 
age and phallic size. A transverse incision line proximal to 
the meatus is then marked and carried circumferentially. 
Skin incisions are made perpendicular to the tissue and 
deep into the glans tissue to clearly define the urethral plate 
and to allow future tension free approximation of the glans 
wings. The circumferential skin incision is also made at this 
point and the penile shaft skin degloved. Evaluation for 
chordee is performed with an artificial erection. Ifstill present, 
dorsal tunica albuginea plication is done to straighten the 
phallus. All must contend with functional and plastic repair 
of the urethra and correction of chordee (orthoplasty). The 
optimal time for repair following satisfactory orthoplasty, a 
longitudinal midline mark is made on the urethral plate from 
the dorsal aspect of the urethral meatus to the glans tip. A 
deep incision is then made through the urethral plate until 
the corpora. The corpora cavernosa may be visualized at the 
proximal aspect of this incision. Tension free tubularization is 
performed over 6-F silastic catheter using 6/0-7/0 polyglactin 
or dexon and optical magnification suture with a running 
subcuticular technique. Tourniquet placement at the base of 
the penis allows well better performance at this critical step in 


a bloodless field. Distally, the neourethra must not be closed 
too tightly, thereby minimizing the risk of meatal stenosis. 

Following its closure, the neourethra is covered 
with a layer of dorsal subcutaneous (dartos) tissue. 
Adequate mobilization of the glans wings ensures their 
tension free approximation over the dartos flap covered 
neourethra. Approximation is achieved with a first layer 
of simple interrupted 6/0 polyglactin suture placed in the 
subcutaneous tissue of the glans wings. The skin of the 
glans is then closed with fine absorbable suture using a 
mattress technique. Skin coverage of the ventral penile 
shaft is performed with either rotational flaps of dorsal 
skin or mobilized ventral shaft skin if sufficient. A 6-F 
silastic catheter is then passed into the bladder, secured to 
the glans with two prolene sutures. 


Meatal Advancement and Glanuloplasty Procedure 


This plastic surgical revision incorporates meatal 
advancement and glanuloplasty (MAGPI) procedure, 
(Fig. 65.3) which was described by Ducketts in 1981 for 
the glanular hypospadias where the glans is broad and flat. 
This is not an advancement of meatus but reshaping of the 
glans which gives the illusion that the meatus is advanced. 

The penile skin is partially mobilized by making a 
circumferential incision 6-8 mm from the coronal margin 
and proximal to the meatus. This dissection is carried out 
between Buck’s fascia and the subcutaneous tissue layers. 

The meatal advancement is performed after further 
infiltration of the glanular groove. A longitudinal incision 
is made from the tip of the glans to just inside the lip of the 
meatus on its dorsal wall. This is deepened until all of the 


Fig. 65.3: Meatal advancement and glanuloplasty procedure: the 
meatal advancement is performed after further infiltration of the 
glanular groove 
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abnormal fibrous tissue has been divided. The dorsal wall 
of the urethra is advanced to the tip of the meatus by closing 
the longitudinal incision transversely with two or three 
interrupted 6/0 chromic suture. The dorsal meatal edge is 
now flattened into the glanular groove and the meatus is 
enlarged. The glanuloplasty is then carried out by placing 
a traction suture on the ventral edge of the meatal skin and 
retracting this distally. The lateral edges of the glans are 
thereby drawn inward and the skin edges form an inverted 
“V?” Excess ventral skin may need to be excised. The glans 
tissue can be approximated using polyglycolic sutures and 
the skin edges are approximated with 6/0 chromic sutures. 
This maneuver effectively brings the glans tissue beneath 
the meatus and thus helps to advance and support the 
meatus. The penile skin is reapproximated to the coronal 
margin after excision of redundant foreskin. Diversion is 
not necessary for this day surgery procedure. 

Short-term results of MAGPI is excellent with a small 
complication rate like urethrocutaneous fistula, long- 
term results are not encouraging as the meatus displaces 
downwards as the age advances. 


Perimeatal Based Flap (Mathieu's Procedure) 


Coronal and subcoronal type of hypospadias without any 
artificial chordee, a perimeatal based flap as originally 
described by Mathieu may be suitable. This procedure is 
performed by making parallel incision on either side of the 
glanular groove and raising lateral glans flaps. A perimeatal 
based flap is raised from the proximal tissue adjacent to 
the meatus taking great care to preserve its subcutaneous 
vascular supply. This proximal meatal based flap is drawn 
distally to lie upon the preserved midline strip and is 
sutured on either side with an absorbable suture. The 
lateral glans wings are wrapped around the newly formed 
urethra and skin coverage is obtained most often by a 
Byar’s technique. Urinary diversion is usually needed for 
5-10 days. 


The Island Onlay Flap 


This procedure is carried out after assuring that there is no 
chordee by an artificial erection. A ventral strip of urethral 
plate is left and the remainder of the penile skin degloved. 
On the inner aspect of the prepuce a rectangular flap is 
outlined transversely and separated from the remainder 
of the preputial skin, preserving its blood supply. This 
thereby, makes the inner aspect of the prepuce, an island 
separated from the remainder of the penile skin on its 
vascular pedicle. This is then wrapped around the shaft and 
anastomosed to the prepared urethral strip on both sides 


with 6/0 chromic or 7/0 dexon sutures. The glans wings 
are then mobilized and wrapped around the neourethra to 
cover it and to make the glans more conical. Skin coverage 
is usually obtained by a Byar’s flap technique. 

It should be emphasized in choosing this method that 
no chordee should be present and that the urethra should 
be incised back to the point where it is invested with good 
corpus spongiosum. 


Other Anterior Repairs 


Many other repairs have been reported to correct distal 
hypospadias. The methods described above have a more 
favorable short term and long term outcome. 


TECHNIQUES FOR POSTERIOR HYPOSPADIAS 


Posterior hypospadias represents approximately 20% of 
all hypospadias. These are certainly the most challenging 
to repair and reconstructive procedures have a higher 
complication rate compared to correction of the less 
severe forms of hypospadias. 
The techniques used for posterior hypospadias repair 
include: 
e Adjacent skin flaps 
e Vascularized flaps 
e Free grafts. 
The ideal flap or graft for reconstruction of urethra 
should meet the following criteria: 
e ‘The skin should be hairless 
e ‘The skin should not have any subcutaneous fat 
e The flap or graft should be moist in nature. Considering 
the above facts the inner surface of prepuce and the 
buccal mucous membrane may be the ideal form of 
graft which meets all the criteria. 


Adjacent Skin Flaps 


In one-stage repairs, skin adjacent to the meatus has 
been tubularized to form a neourethra as described by 
Broadbent et al. Hinderer described a similar technique 
with tunneling of the neourethra through the corporal 
bodies, but has since abandoned this method, preferring 
a vascularized pedicle flap. 

In the first stage of two-stage posterior hypospadias 
repairs, after the chordee has been released, dorsal skin 
is transferred to the ventrum so that there will be skin 
adjacent to the meatus for the urethroplasty in the second 
stage. Since the vascularity of these rotational flaps is 
optimal, these techniques are used frequently in staged 
procedure. 
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Vascularized Flaps 


The blood supply to the preputial skin is reliable and has 
been demonstrated by cadaveric dissection in newborns as 
well as in the clinical setting. The longitudinal blood supply 
on the dorsum of the penis is abundant. This longitudinal 
blood supply can be dissected free from the penile skin 
creating an island flap of the inner aspect of the prepuce. 
Since the blood supply of the dorsal skin of the prepuce as 
well as the penile skin itself comes from a broad base, it is 
not dependent upon this subcutaneous tissue except at the 
remote edges of the dorsal preputial skin. The tips of the 
dorsal edges are excised and not used during a repair. 

An island flap, by definition, is an isolate segment of 
skin, the viability of which is maintained by an intact 
vascular pedicle. Certainly, the preputial rectangle of skin 
isolated as described in an ideal island flap. 

Preputial or penile skin may be mobilized on a vascular 
pedicle, either attached to overlying skin or as an island 
flap unrestricted by skin attachments and brought to the 
ventrum to form a neourethra. Hodgson originally used the 
inner aspect of the prepuce in a vertical orientation with 
a tumble flap technique (Hodgson I), but subsequently 
changed to vertically oriented dorsal penile skin as a 
neourethra, which is transferred to the ventrum using a 
buttonhole maneuver. Asopa et al. used a vascularized 
flap attached to the foreskin. The ventral preputial skin 
was used to create a new urethra that stayed attached to 
the penile skin as it was spiraled to the ventrum but this 
unfortunately left an asymmetrical and bulky result. 

Since, the blood supply of these vascularized pedicle 
flaps is more certain than free grafts, the healing of these 
neourethra is more reliable. Transverse preputial island 
flap neourethra with a glans channel to position the 
meatus at the tip of the glans may be a procedure of choice. 


Technique for Transverse Preputial Island Flap 
Correction of Chordee 


A circumferential incision is made well proximal to the 
corona so that a generous cuff of ventral glanular tissue 
is preserved. The penile skin with the attached prepuce 
is dissected free of the penis at the level of Buck’s fascia 
in a cylindrical fashion. The meatus, urethra and chordee 
tissue is all dissected. Mobilization of the proximal urethra 
is generally required to resect the chordee completely. This 
will drop the meatus back to the penoscrotal junction or 
into the scrotum. Adequate resection of the tissue causing 
the chordee is tested by the artificial erection technique. 
The meatus is circumcised to free the urethra from the 
overlying skin. The distal urethra and meatus are trimmed 


back to good spongiosum and the cutaneous edges 
removed. The proximal spatulated meatus and urethra are 
then fixed to the corpora in a splayed out fashion to receive 
the proximal end of the neourethra.”!”” 


Creation of Neourethra 


The ventral surface of the prepuce (the shiny undersurface) 
is placed on tension with holding sutures in the skin of the 
dorsal prepuce. The measured urethra is outlined with a 
marking pencil; usually 3-4 cm in length and 12-15 mm 
in width in a one-year old. A neourethra as long as 6 cm 
has been created with this technique in a two-year old. The 
outlined rectangle is incised and rolled into a tube over 8 
French (Fr) or 10 Fr catheter. This is used as a stent rather 
than a template; the caliber of the new urethra should be 
12-14 Fr when completed. Fine dexon or vicryl 6/0 or 7/0 
sutures are used with a cutting needle. Interrupted sutures 
are used on the ends so that excision of excess length may 
be accomplished. A plane is then developed between 
the dorsal skin and the island flap. Mobilization should 
continue for about two-third of the way down the dorsal 
skin. A generous pedicle to the skin of the new urethra 
remains so that the tube may be rotated around the ventrum 
without distorting the penile skin or creating torsion of the 
penis. Careful dissection is required to preserve the pedicle 
to the flap, yet leaving enough vascularization of the penile 
skin. This plane is determined by experience.” 


Urethroplasty 


The flap is usually rotated so that the right side is attached 
to the proximal urethra. An oblique anastomosis is made, 
freshening up the proximal urethra so that good tissue 
along with spongiosum is sutured to the tube. Excessive 
epithelium is excised. The suture line of the neourethra 
lies against the corporal groove. The neourethra is gently 
pulled distally toward the glans to avoid redundancy of the 
tube and kinking of the proximal anastomosis. 


Glanuloplasty 


The glans channel is created with fine scissors flat against 
the corpora cavernosa and snipping into the glanular 
tissue in the plane between the cap of the glans and the 
corpora. This plane is readily identified. The points of the 
scissors are taken up to the apex of the glans just above 
to the dimple of the blind ending fossa. A button of glans 
epithelium is excised to make a generous lumen. Once a 
free channel is created that will calibrate at 16-18 Fr, the 
distal portion of the flap with its pedicle may be delivered 
through the channel. This is pulled up so that the suture 
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line of the neourethra lies adjacent to the corporal tissue. 
The excess tip of the flap is excised so that no redundancy 
exists. Interrupted 7/0 sutures used circumferentially fixes 
the edge of the tube to the glanular tissue. The proximal 
anastomosis is covered with subcutaneous pedicle tissue. 

The dorsal penile skin is fanned out and a vertical 
incision is made in the midline down to the point where 
the dorsal skin of the penis can be drawn comfortably up 
to the subcoronal incision. The Byar’s flaps are brought 
around to the ventrum either symmetrically or one above 
the other. A midline closure is made from the glans down 
to the scrotum and the excessive lateral triangles of the 
two Byar’s flaps are excised. A running mattress suture is 
used to avoid inversion of epithelial surfaces. The proximal 
anastomosis is covered with adjacent subcutaneous tissue. 


Stenting of Urethra 


In children a 6 Fr silastic baby feeding tube is used for 
tubing through the urethroplasty tube, allowing a few 
centimeters to remain within the bladder. Extra holes may 
be cut in the bladder portion. The tubing is then sutured to 
the glans and allowed to drain in a bag. 


Suprapubic Urine Diversion 


At the end of the above procedure, 8 Fr silastic trocar 
suprapubic tube may be placed. A pressure dressing of 
fine mesh gauze, a coarse gauze and elastoplast is applied. 
Other dressings should be appropriate too. The dressing 
is removed after 4-5 days, and in 10-14 days the urethral 
stent or suprapubic tube is removed. 

The procedure may have a secondary surgery rate 
of 10-15% in experienced hands. The most common 
complications are urethral fistula, strictures, etc. 


Double Faced Island Flap 


Recently a modification of the transverse preputial island 
flap technique has been made which combines the transfer 
of the inner and outer preputial skin on the previously 
described vascular pedicle. This utilizes the outer preputial 
flap as Standoli described and allows the inner preputial 
skin to be rolled into a neourethra. This technique permits 
the outer skin to serve as coverage for the ventral one-third 
of the penile shaft while the remaining penile skin covers 
the dorsal two-thirds. This procedure allows excellent 
coverage of the neourethra and a gratifying cosmetic result. 


Free Skin Grafts 

A free full thickness skin graft should be used in preference 
to split thickness grafts since they have better growth 
characteristics in children. Devine and Horton have shown 


that full thickness skin grafts can be used successfully. 
Their preference is to use the inner preputial skin after 
it is defatted to form a neourethra. Despite Devine and 
Horton’s excellent results, they have not been reproduced 
by other surgeons in a uniform manner. It must be kept in 
mind that since the free graft requires revascularization; 
great care should be taken to obtain an excellent skin cover 
to allow the graft to have a well-vascularized bed. 


TWO-STAGE HYPOSPADIAS REPAIR 


Hypospadias in the majority of patients can be repaired 
with a one-stage operation in the first year of life; however, 
in some instances of perineal hypospadias, a two-stage 
repair is preferred. At this stage, the penile shaft is 
straightened (orthoplasty) as in Figure 65.4. Depending 
on the severity of penile curvature, typically assessed after 
degloving of the penile shaft skin and dropping of the 
urethral meatus proximally, orthoplasty may require the 
use of one of several techniques. The author prefers to use a 
dermal graft inlay following transverse incision of the shaft 
directly opposite the site of maximal curvature. If flat, the 
glans penis is deeply incised in the ventral midline distally 
to the point of the eventual neomeatus. If the glanular 
groove is deep, it is preserved and longitudinal incision 
is placed lateral to the groove bilaterally. A lidocaine and 
epinephrine solution is injected prior to incising the glans. 


Stage | 


Amidline longitudinal incision is made in the preputial and 
dorsal distal penile shaft skin. Each half is brought around 


Fig. 65.4: A penoscrotal hypospadias which was corrected by 
orthoplasty and staged urethroplasty. Now the patient is ready for 
the final stage urethroplasty 
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its respective lateral aspect of the penis and anastomosed 
with the fine interrupted absorbable suture to the penile 
ventrum beginning at the distal apex of the glans incision. 
Identical suture is placed with running full thickness 
technique to approximate the transferred skin in the 
ventral midline. Simple interrupted sutures approximate 
transferred skin and native meatus proximally. In some 
cases, all of the preputial skin may need to be used to 
surface the ventral aspect of the liberated and straightened 
shaft. This step prepares a well vascularized bed to be used 
for tubularization (formation of the neourethra) at the 
second-stage procedure. 


Stage Il 


The second stage of repair is performed at six months 
or more following completion of the first stage. The 
primary goal of the second stage procedure (Figs 65.5A 
and B) is to create a neourethra that bridges the defect 
between the penoscrotal opening and the tip of the penis. 
Tubularization of local skin in Thiersch-Duplay fashion is 
the preferred technique. Tissue to be used for neourethral 
construction is marked on the ventral aspect of the penis at 
a width of approximately 15 mm centered on the midline. 
Once incised, the lateral edges of this tissue are dissected 
only minimally toward the midline so as to preserve the 
vascular supply to the neourethra. Second layer neourethral 
coverage is either with local subcutaneous tissues or a 
tunica vaginalis flap. Subcutaneous tissues and penile 
skin are approximated in the ventral midline, usually with 
pullout running sutures of 4/0 nylon. Urinary diversion is 
performed with either a urethral or suprapubic catheter for 
approximately 10 days postoperatively (Figs 65.6A to C). 


BLADDER/BUCCAL MUCOSA TECHNIQUE 


The use of bladder mucosa has been reported for primary 
repair of severe hypospadias in patients in whom there is 
a paucity of preputial skin, however, the complication of 
protruding mucosa at the meatus results in a significant 
reoperation rate for revision of the neomeatus. Unlike 
bladder mucosa, which tends to shrink and requires a 
greater size of tissue to harvest, relative of defect to be 
repaired, buccal mucosa may be harvested in a 1:1 ratio. 
This characteristic of buccal mucosa is secondary to a 
lamina propria rich with vascularity (Figs 65.7A and B). 
A well vascularized recipient site is also crucial for optimal 
graft survival, which relies on diffusion of nutrient material 
between the recipient and donor tissue or imbibition early 
on, followed by inoculation, which is the formation of new 
and permanent vascularization of the donor tissue. 
Bladder mucosa is harvested by distending the bladder 
with saline. Detrusor muscle is dissected anteriorly off the 
underlying mucosa. A rectangular donor site is marked to 
a size 10% greater than the size of the defect to be repaired. 
Alternatively, when planned as part of a composite repair 
with skin or buccal mucosa tubularized distally to decrease 
the risk ofmeatal complications, the length of graft harvested 
should equal that of the defect. Local skin or buccal mucosa 
may be added to the distal extent of the bladder mucosa graft. 
The two grafts are approximated with a running suture of 6/0 
or 7/0 polyglactin. The composite graft is then tubularized 
over silastic catheter using a running locking technique. 
The proximal anastomosis is performed with two running 
locking sutures of fine polyglactin and the neomeatus is 
matured with simple interrupted fine absorbable sutures. A 
second layer of neourethral coverage is provided by either 


Figs 65.5A and B: Final stage of staged urethroplasty is in progress 
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Figs 65.6A to C: The final stage of staged urethroplasty is completed 


Figs 65.7A and B: Bladder mucosa is harvested by distending the bladder 


a dorsal subcutaneous flap or tunica vaginalis tissue. The 
bladder is drained with a suprapubic catheter and the repair 
is stented for 7-10 days postoperatively with silastic catheter. 
Immobilization of the patient in the early postoperative 
period is crucial to graft survival. 

The actual technique for use of buccal mucosa 
in hypospadias repair is as follows: After general 
anesthetic induction and nasotracheal intubation, a 
self-retaining retractor is placed in the oral cavity and 
an appropriate sized graft is marked on the mucosa of 
the cheek, lip or both. Care is taken to avoid Stensen’s 
duct. Epinephrine (1:200,000) is injected submucosally, 
fine stay sutures are placed in the corners of the graft and 
the graft is harvested with sharp dissection superficial 
to the buccinator muscle. The harvest site of buccal 
mucosal edges are approximated with 5/0 chromic 
catgut suture in a running simple fashion. The graft is 
defatted on a cardboard scaffold and then tubularized 
in a manner similar to that of bladder mucosa. Proximal 
and meatal anastomosis and second layer neourethral 
and skin coverage/closure are performed similarly 
as well. Bladder drainage, stenting of the repair and 


postoperative care are identical to that for bladder 
mucosa graft hypospadias repair. 


Age of Repair 


It is noted that there is relatively increased growth during 
the first few years of life followed by a plateau until puberty. 
As such it is suggested that the hypospadias repair be 
performed between the ages of 2 years and 5 years. 

Penile enlargement can be induced by endocrine 
manipulation, e.g. 25 mg of testosterone propionate 
intramuscularly once a week for 3 weeks. 

Optical magnification has allowed the surgical correction 
at earlier ages. In our experience, the penis is of sufficient 
size between 6 months and 18 months of age to permit this 
delicate surgery with the aid of optical magnification. This 
age limit will leave no emotional effect of the surgery. 

Currently, many “hypospadias surgeons” choosing a 
one-stage repair, prefer to perform the procedure between 
6 months and 18 months. Anesthetic risks are slightly 
higher during the first 3-6 months of life, particularly if 
there is a history of prematurity apnea. 


391 


392 


Section 7 Pediatric Urology 


OPERATIVE TECHNICAL POINTS 


Instruments 


Fine delicate instruments are essential for hypospadias 
surgery. Without these, precise delicate tissue handling 
and good plastic surgery principles cannot be practiced. 
These instruments may be obtained from plastic surgery, 
microsurgery or ophthalmology cabinets. Fine, sharp, 
pointed iris scissors, delicate tooth forceps (Castroviejo, 0.5 
mm) and skin hooks are the mainstay. Xenon over head lamp 
will allow the surgeon to place each suture more accurately. 


Sutures 


Most hypospadias surgeons prefer an absorbable 
suture. Chromic catgut is rapidly absorbed within 10-20 
days. Polyglycolic sutures are also used but since their 
absorption takes much longer time, they are not advisable 
for use in skin closure. The new polydioxanone (PDS) 
sutures remain even longer and for this reason are not 
recommended. Some have used to pull out nylon or 
prolene sutures since they are less reactive in the closure 
of the urethra and skin. Dexon, monocryl or vicryl 7/0 
suture seems to be the most suitable suture material for 
the reconstruction of hypospadias. 


Hemostasis 


To control bleeding by infiltration around the coronal 
margin and into the glanular groove with a 1:100,000 
adrenaline (epinephrine) solution in 1% lignocaine 
(xylocaine) using a 26-gauge needle is a good technique. 
Other technique is to provide tourniquets at the base of 
the penis. It is recommended that if a tourniquet is used, 
it should be released every 20-30 minutes so that the 
vascular supply is not compromised. 

Various methods of coagulation have been used. 
Low-current unipolar diathermy is more effective and safe. 
Bipolar electrodes have been tried but have a tendency to 
stick to the tissue. 


Optical Magnification 


Optical magnification has clearly been shown to be an 
advantage in hypospadias surgery although the particular 
type ofmagnification chosen varies from surgeon to surgeon. 
A pair of optical loupes allows a broad field of vision with 
2.5-4.0 power magnification and a focal length of 14-22 
inches. It is adequate for hypospadias repair. The newer, 
extended field loupes are heavier. When they have been fitted 
appropriately for the individual surgeon and familiarity is 
gained with their use, they can be indispensable. Operating 


microscopes have been used by some, but most standard 
microscopes do not go below 10 power magnification and 
this seems too great a magnification for the task at hand. 


Urinary Diversions 

To overcome the bladder spasms and to provide safety of 
the hypospadias repair, urinary diversion is warranted in 
almost all difficult hypospadias surgery. The 8 Fr cystocath 
is a very good presterilized suprapubic urinary diversion 
set, which can be used safely in hypospadias surgery. 


Anesthesia 


The availability of a skilled pediatric anesthesiologist is 
certainly advantageous when hypospadias surgery is 
performed, especially for young infants. The choice of 
anesthesia may aid the surgeon greatly during the course 
of the operation. A penile block at the base of the penis 
using bupivacaine after the operation may help to relieve 
postoperative pain. 


Skin Coverage 


When the urethroplasty has been completed the ventral 
surface of the penis must be resurfaced with skin. In most 
cases, the skin selected is the abundant dorsal foreskin, 
which may be used to achieve coverage by mobilizing it 
to the ventrum. Several techniques have been described. 

Penile skin and preputial flaps heal with scars which 
usually blendinto the penile skin andareseldomnoticeable. 
Hypertrophic and unsightly scarring is distinctly unusual. 
Browne demonstrated that a dorsal incision of the penile 
skin down the midline to relax the ventral closure could 
be performed with prompt epithelialization and minimal 
scarring. This technique is seldom necessary but it does 
show that there was no need to graft the defect. 


Dressings 


The purpose of the dressing is to immobilize the penis and 
minimize edema and hematoma formation. It also protects 
the wound from contamination as well. Hypospadias 
dressings are certainly up to the preference of the surgeon. 
The most common dressing is a partially concealed dressing 
using impregnated gauze with fluff gauze and elastic tape. 
Totally concealed dressings have been used to apply more 
diffuse pressure and immobilization of the penis. 


Hospitalization 


Most hypospadias operations can be done as outpatient 
procedures or with only brief stays in the hospital. 
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Analgesia 


At the time of the operation a long-acting penile block 
with 0.5% bupivacaine can provide hours of analgesia for 
the immediate postoperative period. Beyond that time 
we have found in general that acetaminophen has been 
sufficient for pain relief in younger patients. Occasionally 
an older child requires a stronger narcotic analgesic. 
Oxybutynin twice daily may manage bladder spasms. 


Redo Hypospadias Repairs 


For redo hypospadias repairs, no definitive guidelines can 
be given. All the above mentioned procedures are used 
in different ways and are often modified according to the 
individual needs of the patient. 


Follow-up Care 


The complexity of the operation dictates the need for 
follow-up care. Removal of the dressings as well as 
urethral stents in the office without any supplemental 
anesthesia; the dressings removed between the third and 
fifth postoperative day and the urinary diversion tubes 
between 10 days and 14 days. Once the urethral stent 
has been removed, parents should be taught to probe 
the meatus with an ophthalmic ointment tube to prevent 
meatal crusting or stenosis. It may be advisable to ask 
that the child be placed in a sitz bath two to three times 
a day to keep the area clean and to avoid meatal crusting. 
Outpatients are seen postoperatively at 1, 2, 4 and 6 weeks 
and then on 3 months and 6 months intervals. They are 
seen annually thereafter for several years. 


COMPLICATIONS OF HYPOSPADIAS REPAIRS 


Early Complications 


Meticulous attention to detail and careful application of 
plastic surgery principles are of the utmost importance in 
the avoidance of early complications. The common early 
complications are: 


Edema 

Edema occurs after most hypospadias repairs and can be 
diminished by compression dressing. 

Infection 


Every effort should be made to prevent wound infections. 
Separation of the foreskin adherent to the glans and 


removal of the desquamated epithelial debris should be 
performed under anesthesia prior to skin preparation. 
When the patient is postpubertal, skin preparation should 
be undertaken several days before with careful cleansing. 
Prophylactic antibiotics are oflittle value in avoiding wound 
infections in hypospadias surgery but cotrimoxazole or 
nitrofurantoin suppression postoperatively may be helpful 
in preventing cystitis. In general, drains are not used except 
when a skin graft or bladder mucosal graft is utilized in 
which case a vacuum suction drain is used.” 


Loss of Skin Flaps 


Poor wound healing is primarily due to ischemic flaps. If 
care is taken during the procedure, this problem should 
be avoided. There are occasions when the viability of the 
skin flaps is in doubt and fluorescein injected systemically 
(15-20 mg/kg) with evaluation under ultraviolet light after 
10-15 minutes can clearly demonstrate flap viability. This 
can help greatly in the surgical judgment of which flaps 
can be used although it is not reliable when epinephrine 
has been injected. If skin flap loss occurs over a well 
vascularized neourethra, healing can still occur after 
the skin has sloughed. If a free graft technique has been 
utilized, sloughing of the skin flaps over the neourethra 
will jeopardize the entire procedure.” 


Meatal Stenosis 


The meatus can become stenotic through crusting, edema 
or synechia. A stent usually avoids all three of these 
complications. After removal of the stent it may be useful to 
have ophthalmic ointment directly into the urethral meatus.” 


Late Complications 
Urethrocutaneous Fistulas 


Urethrocutaneous fistulas are the most common late 
complication of hypospadias repair. An expected fistula rate 
is between 10% and 15% for most one-stage hypospadias 
procedures. Distal obstruction is often related to persistent 
fistulas. Urethrocutaneous fistulas may be repaired and 
with the principles of wide mobilization, adjacent skin flaps 
multilayered closures and the use of urinary diversion. A 
lacrimal duct probe is placed through the fistulous track to 
help identify its epithelial lining. Dissection is carried down 
to the urethra and a fine suture is used to close the urethral 
edges in an inverting fashion. Watertight closure is assured 
by irrigating the urethra with proximal compression. Two 
layers of closure are obtained and sealant. No urinary 
diversion is required and can be performed as day care. 
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Residual Chordee 


Residual chordee was much more common prior to the use 
of the artificial erection. This problem must be corrected 
by Nesbits’ procedure if the chordee is significant. 

Rarely, extensive scarring of the ventrum of the penis 
requires excision of the tunica albuginea with replacement 
grafts of dermis or tunica vaginalis. If dermal grafts are 
to be used, care should be taken to be certain that all 
epidermal elements are removed; otherwise dermal cysts 
can develop. Tunica albuginea has also been replaced by 
lyophilized dura mater. 


Stricture 


The most common site of stricture after hypospadias 
repair is the proximal anastomosis. This may simply 
be due to angulation, which may be avoided by lateral 
fixation to the tunica albuginea of the anastomosis at the 
time of hypospadias repair. Once a stricture has developed 
it may be repaired by excision and re-anastomosis, a patch 
graft, a vascularized pedicle graft or an optical cold-knife 
urethrotomy. 


Diverticulum 


A urethral diverticulum may form because the neourethra 
was made too wide or because meatal stenosis occurred, 
ballooning the proximal urethra. Reduction of a 
diverticulum may be necessary and should be done in a 
longitudinal fashion. 


Hairy Urethra 


Urethral hair may grow if hair-bearing skin from the 
scrotum is used for the urethroplasty. This hair may not 
cause a problem other than a meatal beard which needs 
a trim now and then. The hair may contribute to stone 
formation and encrustation which can be cleaned out 
by urethroscopy. Every effort should be made these days 
to construct a neourethra from tissue which is non-hair- 
bearing but there are many cases where hair causes little 
problem. 


Retrusive Meatus 


Occasionally a meatus heals in such a way that it retracts 
and deflects the urinary stream downward. This is more 
common in the older types of hypospadias repair. This may 
be corrected by triangularization of the glans. 


HYPOSPADIAS PATIENTS WITH MULTIPLE FAILURES 


There are patients who have had multiple hypospadias 
repairs that have failed and who have been categorized as 
hypospadias cripples. This occurs even in skilled hands. 
The penis must be straightened, buccal mucosa or bladder 
mucosa for the neourethra can be used with success." 


LONG TERM FOLLOW-UP 


Long-term follow-up is available for patients undergoing 
previous repair procedures, reflecting the older age at 
which the repair was undertaken and the difficulties of 
hypospadias surgery in the past. Although discouraging 
outcomes have been reported, this may not be a true 
reflection on our modern methods. 

Current results of hypospadias reconstruction 
cosmetically and functionally are much better than those 
in the past. The use of a one-stage hypospadias repair at 
an early age with a low complication rate encourages 
our current positive outlook for this condition. Chordee 
correction with the aid of an artificial erection is extremely 
important for assuring satisfactory sexual function. With 
the placement of the urinary meatus at the tip of the glans 
the patient satisfaction has improved.*** 

Early hypospadias repair with minimal hospitalization 
helps to avoid separation anxiety and castration anxiety. 
We can now counsel parents confidently that there is an 
excellent outlook for a good cosmetic and functional result 
in boys with all degrees of hypospadias. 


CONCLUSION 


To perform hypospadias surgery well one must have 
an in depth understanding of the contributions of our 
predecessors as well as a thorough knowledge of the many 
methods and tricks which are currently used. This art is 
best learned by apprenticeship at a center where a large 
number of hypospadias procedures are performed and 
under the careful tutelage of an experienced hypospadias 
surgeon. 

The minor complications of a properly executed 
one-stage procedure as a primary hypospadias repair are 
far easier to manage to a successful conclusion than the 
poorly conceived failures of an inexperienced surgeon. It is 
hoped that the chronic hypospadias failure can be placed 
in the past. Dramatic improvements have been made over 
the last 25 years and these can be attributed to the delicate 
and precise methods of tissue handling as well as to the 
principles of flaps and grafts.***° 
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GROSS ANATOMY 


The bladder lies in the anterior half of the pelvis, bordered 
in front by the pubic bone and laterally by the diverging 
walls of the pelvis. The superior surface of the bladder is 
covered by peritoneum, which is reflected anteriorly on 
to the abdominal wall and peels upward as the bladder 
rises out of the pelvis on filling. It is possible, therefore, 
to approach the anterior wall of the bladder through the 
retropubic space (cave of Retzius) without entering the 
peritoneal cavity. 

In the male, the vasa deferentia and seminal vesicles 
lie against the bladder base. Behind them lies the rectum, 
separated from the bladder by the fascia of Denonvilliers. 
This fascia is derived from the fused peritoneal layers of 
the rectovesical pouch; its tough nature produces a barrier 
to invasion of the rectum by tumors of the bladder or 
prostate and provides a plane of surgical cleavage between 
bladder and rectum. In the female, the vagina and cervix 
lie posteriorly, separated from the bladder by a thin layer 
of pelvic fascia (Fig. 66.1).'? 

Inferiorly, the prostate gland (PG) is attached to the 
bladder base in males and the urethra traverses the 
prostate before piercing the pelvic floor. In females, the 
bladder rests on the muscles of the pelvic floor (levator 
ani and coccygeus) and the urethra pierces the muscles 
anteriorly. 

The blood supply to the bladder is from the anterior 
branch of the internal iliac artery via two main vessels: 
(1) the superior and, (2) inferior vesical arteries. Venous 
drainage is to the internal iliac veins. Lymphatic drainage 
of the bladder is along the vesical blood vessels to internal 
iliac nodes and thence to para-aortic nodes. 


HISTOLOGY 


The ureters enter the posterior wall of the bladder near its 
base and run obliquely through the muscle and mucosal 
layers for 1.5-2 cm, terminating at the ureteric orifices. 
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Fig. 66.1: Sagittal section through the pelvis of a female showing 
the bladder, urethra and its relation with genital tract 


A prominent transverse ridge (the interureteric bar) runs 
between the ureteric orifices. The triangular area bounded 
by the ureteric orifices and the internal urethral meatus 
is known as the trigone. The trigone is relatively fixed 
and unlike the remainder of the bladder, undergoes little 
change in size during bladder filling.*° 

The remainder ofthe bladder is distensible andits wallis 
made up of a network of smooth muscle bundles (detrusor 
muscle). These bundles are interlaced throughout the 
bladder wall and not arranged in discrete layers. 


Urothelium 


Bladder wall is lined by transitional epithelium, which 
consists of 5-6 layers of cells. The most superficial cell 
layer have tight junction in between them. Other cells 
are relatively loosely arranged. This loose arrangement of 
deeper cell layer adopts bladder distention during filling 
phase (Fig. 66.2).*° 
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Transitional 
epithelium 


Fig. 66.2: Histology of bladder 


Blood Urine Barrier 


Urothelium is unique for its nonabsorptive lining mucous 
membrane (Fig. 66.3). Urine in the urinary tractis confined 
in the reservoir or conduit. Unlike gastrointestinal mucosa, 
urothelium prevents any absorption of urine in blood 
stream. This unique property is due to a thin polyglycan 
layer over the mucous membrane, the tight junction of 
superficial cell layers and multiple cell layers of mucous 
membrane.'” 


BLADDER INNERVATION 


The autonomic regulation of the bladder provides a good 
example of the interplay between the voluntary motor 
system (obviously, authors have voluntary control over 
urination), and the sympathetic and parasympathetic 
divisions of the visceral motor system, which operate 
involuntarily. The detrusor muscle is under the control 
of the autonomic nervous system and receives a rich 
innervation from three groups of nerves. The principal 
population is comprised of cholinergic nerves, identified 
by their content of the enzyme acetylcholinesterase and 
demonstrated by the use of electron microscopy to lie in 
close apposition to muscle cells. Acting via the release 
of the neurotransmitter acetylcholine, these provide 
the major motor control of the detrusor muscle. In 
contrast, the sympathetic innervation comprises a sparse 
distribution of noradrenergic neurons, which occurs 
in greatest concentration toward the bladder base and 
is thought to be of principal importance in the control 
of vasculature. Nevertheless, the close juxtaposition of 
these two neural populations raises the potential for 
functional interaction between the parasympathetic and 


Fig. 66.3: Urothelium 


sympathetic nervous systems. The third population of 
nonadrenergic and noncholinergic (NANC) sensorimotor 
nerves contain a number of putative neurotransmitters 
(principally peptides), which can be identified by the 
use of immunofluorescent techniques. The role of the 
NANC innervation of the human bladder is as yet poorly 
understood. 

The spinal segments S2-S4 acting via efferent 
parasympathetic cholinergic neurons is responsible for 
the initiation and maintenance of detrusor contraction. 
Damage to these spinal segments results in abolition 
of the micturition reflex in humans. After leaving the 
sacral foramina, the pelvic splanchnic nerves containing 
the parasympathetic innervation to the bladder pass 
lateral to the rectum to enter the inferior hypogastric or 
pelvic plexus. They are joined by the hypogastric nerve 
containing efferent sympathetic nerve fibers. These 
fibers are originating from the lower three thoracic and 
upper two lumbar segments of the spinal cord. When 
combined they form a plexus lying at the base of the 
bladder (Fig. 66.4). It has been suggested that the main 
afferent pathway of the micturition reflex is via the pelvic 
nerves, with additional afferent information transmitted 
from the trigone via sympathetic neuronal pathways in 
the hypogastric nerves and some bladder and urethral 
sensation via the spinothalamic tracts.** 


SPHINCTERIC MECHANISMS 


Apart from the various anatomical differences relating to 
the longer urethra and presence of a PG in the male, there 
are important differences between the two sexes relating 
to the histological structure, innervation and function 
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Fig. 66.4: The sympathetic, parasympathetic and somatic innervations of the urogenital tract of the male cat; sympathetic chain 
ganglia; inferior splanchnic nerves; inferior mesenteric ganglia; hypogastric nerve; ischiocavernosus; bulbocavernosus; external urethral 


sphincter; prostate gland; ureter; vas deferens® 


of the outflow tract. In the male there are two important 
sphincteric mechanisms: (i) a proximal bladder neck 
mechanism and (ii) a urethral sphincteric mechanism 
lying at the apex of the prostate (the distal sphincter 
mechanism). It must be remembered that the male bladder 
neck is a powerful sphincter, not only of the urinary, but 
also of the genital tract, the latter function being of primary 
importance in the prevention of retrograde ejaculation.” 


Distal Sphincteric Mechanism 


The distal sphincteric mechanism is also extremely 
important as evidenced by its ability to maintain 
continence even when the bladder neck has been 
rendered totally incompetent by bladder neck incision or 
prostatectomy. In comparison, the female bladder neck is 
a far weaker structure than male. Urinary continence in 
women therefore usually relies upon the integrity of the 
intrinsic urethral sphincteric mechanism; damage to the 
innervation of the urethral sphincter by obstetric trauma 
predisposes to urinary stress incontinence. ™!? 


BLADDER NECK IN MALE 


These functional observations are mirrored by the ultra- 
structural findings. The male bladder neck consists of 
two muscular layers; (i) a powerful inner layer of muscle 
bundles oriented in a circular fashion and containing a 
rich adrenergic sympathetic nerve supply and (ii) an outer 
layer contiguous with the detrusor muscle and receiving 
similar innervations.’* 


BLADDER NECK IN FEMALE 


In contrast, the female bladder neck is poorly defined, 
with the principal orientation of muscle fibers being in a 
longitudinal direction and the predominant innervation 
being cholinergic. The urethral sphincter mechanism 
is composed of intrinsic urethral smooth muscle and 
extrinsic striated muscle components. In the female 
it extends throughout the proximal two-thirds of the 
urethra, whilst in the male the distal sphincter mechanism 
is localized to the prostatic apex. Although urethral 
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smooth muscle receives a dual autonomic innervation, 
the sympathetic nervous system predominates in the male 
and the parasympathetic in the female. 

The efferent innervation of the striated muscle of 
the extrinsic component of the urethral sphincter arises 
predominantly from cell bodies lying in a specific area 
of the sacral anterior horn known as Onufs nucleus. 
A number of aspects of the innervation of this sphincter 
are still controversial, with regard not only to the neural 
pathways involved, but also the relative contribution of 
somatic and autonomic nerves. The limited knowledge 
available suggests that the pudendal nerve transmits 
urethral mucosal sensation." 


THE PHYSIOLOGY OF VESICOURETHRAL SEGMENT 


Introduction 


The vesicourethral segment of the urinary tract functions 
as a single complex unit for storage and expulsion of urine. 
These functions are controlled by somatic and autonomic 
nerves with complex central connections allowing 
voluntary control over micturition (Fig. 66.5). 


Sensory Innervation of the Bladder 


Sensory nerves from the bladder and urethra pass in the 
pelvic parasympathetic nerves (S2-S4) to the spinal cord. 
From there, fibers ascend in the lateral spinothalamic 
tracts to micturition centers in pons and cerebral cortex. 
However, sacral nerve blockade does not abolish bladder 
sensation completely because some sensory fibers 
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Fig. 66.5: Urethrovesical segment for control of micturition 


accompany the sympathetic nerves to the hypogastric 
plexus. 


Motor Innervation of the Bladder 


Detrusor contractions are mediated by parasympathetic 
cholinergic nerves (S2-S4). These travel in the pelvic 
nerves (nervi erigentes) to the pelvic ganglia from 
where numerous fibers are distributed to the bladder. 
Sympathetic nerves (T10-L2) travel to the bladder via the 
hypogastric nerves and the pelvic plexus. They are largely 
vasomotor but some sympathetic fibers synapse with 
parasympathetic nerves in the pelvic ganglia and produce 
inhibition of detrusor contractions. ”®73 


Innervation of the Sphincter 


Internal Sphincter or Proximal Urinary Sphincter 


Histologically, histochemically and pharmacologically, 
the bladder neck is a distinctly different in its work and 
innervation, and also different in male and female.'* 

Bladder neck in cases of male comprises of organized 
circular layer of smooth muscle which contracts effectively 
during ejaculation in order to prevent retrograde 
ejaculation. This work is mediated by the sympathetic 
innervation with rich noradrenergic innervation. Bladder 
neck is also separately supplied with parasympathetic 
(cholinergic) nerves. If the external sphincter is damaged 
due to any reason the patient may remain continent on the 
internal sphincter alone. 

Bladder neck in female receives a small contribution 
from the sympathetic nerves but still with a segment of 
proximal urethra it may offer a satisfactory continence, 
indicating that internal sphincter alone in female is a 
weaker sphincter when compared with male.” 


External Urethral Sphincter Mechanism 


External urethral sphincter mechanism is a double layered 
muscular tube with an outer layer of striated muscle 
(rhabdosphincter) and an inner tube of smooth muscle 
supplemented with a sling of muscle derived from the 
pelvic floor musculature. Intrinsic rhabdosphincter is 
considered to be the most important factor in the time of 
stress. The other component of the sphincter involve in 
maintenance of continence at rest.'°"” 

The rhabdosphincter is innervated by somatic fibers 
from S2 and S3 which travel with autonomic fibers in the 
nervi erigentes; the autonomic fibers supply the inner 
smooth muscle of the urethra. The periurethral muscle 
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sling is also supplied by somatic fibers from S2 and S3, but 
these fibers travel in the pudendal nerve. 


Central Connections and the Control of Micturition 


During storage of urine in the bladder, the detrusor is 
inhibited from contracting and its intrinsic properties 
allow filling with little or no rise in intravesical pressure. 
Continence is maintained by closure of the bladder neck 
and by the distal sphincter mechanism. For voiding 
to occur, contraction of the detrusor muscle must be 
accompanied by opening of the bladder neck and 
relaxation of the distal sphincter mechanism.” 

The traditional belief that a simple sacral spinal 
reflex controls micturition is no longer tenable. It is now 
recognized that a spino-pontine-spinal reflex involving a 
highly organized micturition center in the pons is essential 
for coordinating detrusor contraction with sphincter 
relaxation. Influences of the higher centers on the pontine 
micturition center bring this reflex under voluntary control 
(Fig. 66.6). 

The anterior portion of the frontal lobe is the 
cortical area primarily responsible for voluntary 
control of micturition. During bladder filling, afferent 
proprioceptive impulses from stretch receptors in the 
detrusor muscle pass via the posterior roots of S2-S4 
and the lateral spinothalamic tracts to the frontal cortex. 
These impulses register the desire to void and this desire 
is suppressed by the frontal cortex until a suitable time 
and place for micturition have been selected. When it is 
appropriate to pass urine, there is cortical facilitation of 
the voiding reflex. 
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Fig. 66.6: The control of micturition 


Micturition Cycle 


During voluntary micturition, relaxation of the urethral 
sphincter precedes detrusor contraction and produces a 
marked fallin intraurethral pressure. There is simultaneous 
relaxation of the pelvic floor muscles and funneling of 
the bladder neck. Parasympathetic activity then initiates 
detrusor contraction and urine flow commences. The 
presence of urine in the urethra produces reflex facilitation 
of the detrusor, which helps to sustain its contraction until 
the bladder is empty.”*" 

At the end of micturition, urine flow ceases, the 
intravesical pressure falls and the urethral sphincter 
voluntarily contracts. As the proximal urethra closes, its 
intrinsic muscle contracts in a retrograde fashion and milk 
back any trapped urine back into the bladder. Once these 
events are complete, inhibition of the micturition reflex is 
reapplied from higher centers so that the bladder is ready 
to enter the next filling cycle.1®” 


UROPHARMACOLOGY 


Prelude 


Bladder contraction is mediated by stimulation of 
the parasympathetic nervous system and release of 
acetylcholine. Cholinergic receptors are located in the 
dome and body of the bladder. Alpha-adrenergic receptors 
in the bladder neck and urethra cause moderate smooth 
muscle contraction and increase outlet resistance upon 
stimulation by the sympathetic nervous system. Beta- 
adrenergic receptors in the dome of the bladder facilitate 
accommodation during filling by causing smooth muscle 
relaxation in the bladder. 

Pharmacotherapy for voiding disorders has been 
disappointingly ineffective on the whole. Despite the 
pharmacologic effectiveness of certain drugs, clinically 
significant improvement does not usually occur because 
of a lack of specificity of the agent and untoward side 
effects on other organ systems at pharmacological doses. 


Drugs to Facilitate Storage (Box 66.1) 


Decrease Bladder Contractility 


Decrease bladder contractility is done by the drugs like: 
oxybutynin (ditropan), tolterodine tartrate (detrusitol), 
propantheline (pro-banthine) and imipramine (tofranil). 


Oxybutynin (ditropan): It is an __ uroselective 
anticholinergic drug and has a direct antispasmodic effect 
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Box 66.1: Drug therapy for voiding disorders 


on bladder smooth muscle by blocking the cholinergic 
receptors. It has the best clinical effectiveness in patients 
with uninhibited bladder contractions (dosage 5 mg PO 
tid/qid). 


Tolterodine tartrate (detrusitol): Itis a newer generation 
of drug with uroselective anticholenergic activity is found 
to be effective in frequency, urgency or incontinence. 
Side effects include dry mouth, dry eye, drowsiness and 
retention of urine. 


Propantheline (pro-banthine): It is an anticholinergic 
which blocks bladder contraction by competitive blockade 
at receptors of parasympathetic postganglionic nerve 
endings. It is variably effective in patients with uninhibited 
hyper-reflexic neurogenic bladders. Side effects include 
dry mouth, visual disturbances and constipation (dosage 
15 mg tid/qid). 


Imipramine (tofranil): It has been shown to be clinically 
effective in facilitating urine storage; however, its 
mechanism of action is unclear. Peripheral anticholinergic 
and sympathomimetic actions have been noted in addition 
to a direct smooth muscle relaxation. It is the drug of 
choice for controlling bedwetting in children (dosage 25 
mg tid/qid). 


Increase Outlet Resistance 


Ephedrine is an alpha-adrenergic agonist, which causes 
contraction of smooth muscle of the bladder outlet and 
urethral sphincter. A clinical response can be expected 
within a week if it is going to occur (dosage 25-50 mg PO 
qid). Phenylpropanolamine is also an alpha-adrenergic 
agonist and thus causes increased bladder outlet resistance 
secondary to smooth muscle contraction.” 


Drugs to Facilitate Emptying 


Drugs that Increases Bladder Contractility 


Bethanechol chloride (urocholine) is a cholinergic 
agonist, which acts at the postganglionic parasympathetic 
effector cells to enhance contraction of smooth muscle. 
Urocholine is generally ineffective clinically and is not 
recommended. 


Drugs that Decreases Outlet Resistance 


The uroselective alpha-blocker relaxes the smooth muscle 
of the prostatic urethra and bladder neck by blocking 
the alpha-receptor. Doxazosin, alfuzosin, tamsulosin, 
etc. blocks the alpha-receptor resulting the relaxation of 
the smooth muscles of the bladder neck and prostatic 
urethra. These compounds effectively reduce the urethral 
resistance in patients with benign prostatic hyperplasia 
(BPH), bladder neck hypertrophy, etc. and have currently 
become the drug of choice in medical treatment of BPH, 
bladder neck obstruction, etc. Tamsulosin (flomax) 
blocks the alpha 1A receptors selectively and thereby 
postural hypotension is not encountered in patients 
having flomax. 


Tamsulosin hydrochloride (flomax): It is a super 
selective alpha-receptor blocker, which blocks the alpha 
1Areceptors selectively. Incidence of postural hypotension 
is not encountered in patients having flomax. The drug is 
currently the drug of choice in BPH. 


Alfuzosin (xatral): It is selective alpha 1 blocker 
introduced recently, showed a clear benefit to those 
patients who develop postural hypotension. 


Terazosin (hytrin): It is also an alpha-adrenergic 
blocking agent, which has been used to inhibit bladder 
neck contractility there by relaxing the bladder neck and 
prostatic urethra. Its untoward effects include postural 
hypotension, reflex tachycardia, nasal congestion, 
inhibition of seminal emission and retrograde ejaculation. 


Prazosin (minipress/alphapress): It is total alpha- 
adrenergic blocking agent which has been used to inhibit 
bladder neck contractility there by relaxing the bladder 
neck and prostatic urethra. Its untoward effects include 
postural hypotension, reflex tachycardia, nasal congestion, 
inhibition of seminal emission and retrograde ejaculation. 
The clear advantage is that the drug is very cheap. 


Phenoxybenzamine (dibenzyline): It was 
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the first 


alpha-adrenergic blocking agent which has in the past 
been shown to be effective in blocking hyperactivity to 
the bladder outlet smooth muscle sphincter. However, 
its systemic alpha blocking, causes significant untoward 
effects (orthostatic hypotension) and it has been shown 
to have in vitro mutagenic activity. These factors have 
significantly curtailed its use nowadays. 
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Hyporeflexic or areflexic type of neuropathic bladder 
may result from lesion in micturition center or in the 
peripheral nerves or receptors in bladder. Direct injury to 
the peripheral innervations of the bladder or sacral cord 
segments S2-S4 results in flaccid paralysis of the urinary 
bladder. Characteristically, the capacity is large, intravesical 
pressure low and involuntary contractions absent. As 
smooth muscle is intrinsically active, fine trabeculation in 
the bladder may be seen. 


ETIOLOGY OF FLACCID TYPE OF 
NEUROPATHIC BLADDER 


The most common cause of flaccid neuropathic bladder 
is injury to the spinal cord at the pelvic micturition center 
(S2-S4). Common causes of this type of bladder behavior 
are trauma, tumors, congenital anomalies (e.g. spina 
bifida, meningomyelocele), anterior horn cell damage 
include infection due to poliovirus or herpes zoster and 
iatrogenic factors such as radiation or surgery (Box 67.1). 
Herniated disks can injure the micturition center but 
more commonly affect the cauda equina or sacral nerve 
roots. Myelodysplasias could also be grouped here, but 


Box 67.1: Causes of hyporeflexic bladder 


Flaccid Type of 
Neuropathic Bladder 


the mechanism is actually failure in the development or 
organization of the anterior horn cells. 

Diseases or injuries of afferent or efferent nerve or 
receptor may result in typical areflexic type of neuropathic 
bladder. Diabetes mellitus, tabes dorsalis, pernicious 
anemia and posterior spinal cord lesions is associated 
with loss of sensory input to the detrusor nucleus. Another 
cause of atonic neuropathic bladder is peripheral nerve 
injury. This category includes injury caused by radical 
surgical procedures such as low anterior resection of the 
colon or Wertheim’s hysterectomy. Loss of perception of 
bladder filling permits over stretching of the detrusor. Atony 
of the detrusor results in weak, inefficient contractility. 
Bladder capacity is increased and residual urine becomes 
significant and leads to condition like chronic retention of 
urine when the residual volume is over 300 mL. 

In summary, the flaccid neuropathic bladder is charac- 
terized by: (i) large capacity; (ii) low intravesical pressure; 
(iii) mild trabeculation of the bladder wall and; (iv) 
decreased tone of the external sphincter (Box 67.2). 


PATHOPHYSIOLOGY 


Lesions in this region of the cord are often incomplete, with 
the result commonly being a mixture of spastic behavior 
with weakened muscle contractility. Mild trabeculation 
of the bladder may occur. External sphincter and perineal 
muscle tone are diminished. Urinary incontinence usually 
does not occur in these cases because of the compensatory 
increase in bladder capacity. As pressure in the bladder is 
low, little outlet resistance is needed to provide continence. 


Box 67.2: Characteristics of a hyporeflexic or areflexic bladder 
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Evacuation of the bladder may be accomplished by 
straining, but with variable success. 


CLINICAL PRESENTATION 
Symptoms 


The patient experiences flaccid paralysis and loss of 
sensation affecting the muscles and dermatomes below 
the level of injury. The principal urinary symptom is 
retention with overflow incontinence. Male patients lose 
their erections. Surprisingly, despite weakness in the 
striated sphincter, neither bowel nor urinary incontinence 
is a major factor. Storage pressures within the bladder 
remain below the outlet resistance. 


Signs 


Neurologic changes are of typically lower motor neuron 
type. Extremity reflexes are hypoactive or absent. 
Sensation is diminished or absent. It is important to check 
sensation over the penis (S2) and perianal region (S2-S3) 
for evidence of a mixed or partial injury. Anal tone (S2) 
should be diminished. 

Similarly, sensation over the outer side of the foot 
(S2), sole of the foot (S2-S3) and large toe (S3) may be 
diminished. Occasionally, extremity findings do not 
parallel those of the perineum, with the pattern being 
absent sensation and tone in the feet but partial tone 
or sensation in the perineum. This is especially true in 
patients who have spina bifida or meningomyelocele. 


LABORATORY STUDY 


Repeated urinalysis at regular intervals is important. 
Advanced renal change is unusual because bladder 
storage is under low pressure, but chronic renal failure 
secondary to pyelonephritis, hydronephrosis or calculus 
formation is still possible. The intracavernous papaverine 
test for potency is usually positive. 

A plain film of the abdomen may reveal fracture of 
the lumbar spine or extensive spina bifida. Calcified 
shadows compatible with urinary stone may be seen. 
Excretory urograms should be performed initially to check 
for calculus, hydronephrosis, pyelonephritis scarring 
or ureteral obstruction secondary to an overdistended 
bladder. A cystogram may detect morphologic changes 
in the detrusor (it is usually large and smooth-walled); 
vesicoureteral reflux (VUR) may be present. Checks on the 
integrity of both the lower and upper urinary tracts can 
subsequently be made using ultrasound. 


Urodynamic Studies 


Urodynamic study commonly shows a large capacity 
bladder with low cystometric pressure and high residual 
volume with a low flow rate. Ultrasound cystodynamogram 
presents a large capacity thin wall bladder with a low 
uroflow. 

Cystometrogram, urethral pressure profilometry, 
sphincter electromyelogram, uroflowmetry and residual 
urine all are standard. Ifnecessary a full video urodynamics 
should be carried out. 

Ambulatory urodynamics may be needed for 
understanding more difficult cases. This method allows 
long-term bladder monitoring under normal physiological 
circumstances. 


Nerve Conduction Study 


Latency study examines the integrity of nerve pathway. 
Prolonged latency indicates demyelination. 


MANAGEMENT OF FLACCID 
NEUROPATHIC BLADDER 


Ifthe neurologic lesion completely destroys the micturition 
center, voluntary voiding cannot be accomplished without 
manual evacuation with a catheter or suprapubic pressure. 
Attempts of evacuation of bladder with suprapubic 
pressure may lead to VUR and vault prolapse in female. 
Nowadays this method is replaced by clean intermittent 
catheterization (CIC). Partial injuries to the lower spinal 
cord (T10-T11) result in a spastic bladder and a weak or 
weakly spastic sphincter. Incontinence can then result 
from spontaneous detrusor contraction. 


Bladder Training and Care 


In partial lower motor neuron injury, voiding should be 
tried every 2 hours by the clock to avoid embarrassing 
leakage. This helps protect the bladder from overdistention 
due to a build up or residual urine. 


Intermittent Catheterization 


Any patient with adequate bladder capacity can benefit 
from regular intermittent catheter (Fig. 67.1) drainage in 
every 3-6 hours. 

This technique eliminates residual urine, helps prevent 
infection, avoids incontinence and protects against damage 
to the upper urinary tract (Box 67.3). It simulates normal 
voiding and is easily learned and adapted by patients. 
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Fig. 67.1: Intermittent self-catheterization portable set 


Box 67.3: Advantages of clean intermittent self-catheterization 


It is an extremely satisfactory solution to the problems 
of the flaccid neuropathic bladder. A clean technique 
is used rather than the inconvenient, expensive, sterile 
technique. Urinary tract infections (UTI) are infrequent, 
but if they occur, a prophylactic antibiotic can be given 
once daily. 


SUPPLIES REQUIRED FOR SELF- 
CATHETERIZATION TECHNIQUE 


e Aclear plastic or soft rubber catheter, size 12, 14 or 16 
French 

e Water soluble lubricant (e.g. KY Jelly”, Muko”, etc.), 
petroleum jelly (e.g. vaseline) or mineral oil should not 
be used. 

e Soapy wash cloth, disposable towelettes or unscented 
diaper wipes 

e Clean, dry towel 

e Urine collection container 

e Hand mirror, if required 

e Catheter storage container (e.g. zip-lock bag or travel 
toothbrush holder). 


Self-catheterization Technique for Female 


e Proper “clean” technique (no disinfectant or gloves 
required) will usually prevent infection without the 
need for absolute sterility. 


Fig. 67.2: Intermittent self-catheterization of female 


Catheterization may be performed (Fig. 67.2) in any 
clean washroom; counter space within reach is useful 
Assembling of the necessary supplies and having them 
close at hand. 

Wash hands thoroughly with soap and water, then 
rinse and dry. It is best to keep the fingernails short 
and clean. One may catheterize herself standing with 
one foot supported on a stool or the toilet rim, sitting in 
front of or on a toilet or propped up in bed 

Spread the thighs wide apart and separate vaginal labia 
with one hand 

Wash the area from front to back with soap and water, 
then rinse with water and dry. A damp towelette can be 
used as an alternative. 

A catheter tip of 8 cm (3 inches) is lubricated with water 
soluble lubricant. 

With the nondominant hand (i.e. left hand for right- 
handed women), the labia must be spread with the 
help of index and ring fingers to expose the urethral 
opening. One may feel for the urethral opening with 
the tip of ones middle finger. 

Using the dominant hand, the catheter is inserted 
slowly into the urethra until urine begins to flow (about 
5 cm or 2 inches). It is important for the patient to 
breathe slowly and relax their muscles. 

The catheter must be advanced by another 3 cm (about 
1 inch) to ensure that the tip is well into the bladder. 
Drainage of urine may be done into a container or 
directly into the toilet. Gentle straining may help 
bladder emptying. The amount of urine is noted. When 
urine stops flowing, the catheter is withdrawn slowly. 
Urine may flow irregularly as additional pockets are 
drained. Urethral opening is wiped with tissue paper. 
Restricting the evening fluid consumption may prevent 
the need to empty during the night. 
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e Most women who empty only with a catheter will self 
catheterize four or five times daily, about every 4-6 
hours when the bladder contains 400-500 mL (13-17 
oz) of urine. 

e Ifthe obtained volume is more than 600 mL, the patient 
will need to increase the frequency of catheterization. 
When urine is less than 200 mL at a time, one may 
catheterize less often, sometimes no more than once or 
twice daily, if the patient is voiding as well. The patient 
need not restrict any of usual activities, including 
sexual activity. It may be best to empty the bladder 
before engaging in sex. 


Catheter Care 


Generally, a catheter can be reused and cleaned for about 
a week unless it becomes rough, cracked or damaged. 
Inexpensive replacement catheters may be purchased 
from the medical supply store or pharmacy. Keeping two 
or three catheters on hand at all times is logical. 

Immediately after using a catheter, it should be washed 
with warm soapy water and rinsed thoroughly, inside and 
out. Liquid hand or dish soap is effective and safe. The 
catheter may be allowed to air dry on a clean surface or 
towel. The catheter may be stored in a dry, paper towel or 
clean zip-lock plastic bag. 


Possible Problems 


Difficulty in finding the urethral opening may be helped 
by using a small hand mirror. If urine does not flow, make 
sure that the catheter is not in the vagina. A tampon in the 
vagina may prevent placing the catheter there while the 
patient is learning to self catheterize. Use a clean catheter 
if the first one goes into the vagina. Pain or resistance 
with the passage of a catheter may indicate that enough 
lubricant is not used. Occasionally, it may be a sign of scar 
formation in the bladder outlet. Blood on the catheter or 
in the urine suggests the possibility of injury to the urethra 
or bladder. Concern arises when bleeding is continuous, 
frequent or heavy. Cloudy, foul-smelling urine, painful 
urination, fever (over 38.5°C or 101°F), chills or abnormal 
sweating may indicate infection. If the patient is unable 
to insert the catheter after several attempts, either CIC 
or a urologist’s consultation becomes necessary. With 
practice, the ease of catheterization will improve, usually 
within a few weeks. Most women will find that quality of 
life is minimally affected and often, improved with CIC. 


Fig. 67.3: Intermittent self-catheterization of male 


Self-catheterization Technique for Male 


e Proper “clean” technique (no disinfectant or gloves 
required) will usually prevent infection without the 
need for absolute sterility. 

e Catheterization may be performed (Fig. 67.3) in any 
clean washroom; counter space within reach is useful. 

e Wash the hands thoroughly with soap and water, then, 
rinse and dry. It is best to keep the fingernails short and 
clean. In a comfortable position one may catheterize 
while standing, sitting in front of or on a toilet or 
propped up in bed. 

e Retraction of the foreskin will be needed if patient are 
not circumcised. 

e Wash the head of the penis with soap and water, then 
rinse with water and dry. 

e About 8 cm (3 inches) of the catheter tip is lubricated 
with water soluble lubricant. 

e With nondominant hand (ie. left hand for right- 
handed men), grasp the penis just behind its head 
and pull gently and slightly upward to straighten the 
urethra. 

e Sometimes, the bladder may not empty completely 
or at all, usually because of obstruction of its outlet 
(e.g. enlargement of the prostate) or weakening of the 
bladder muscle. The bladder must then be emptied 
through a hollow plastic or rubber tube or a catheter, 
passed through the urethra. 

e In some cases, a catheter may be left in place, draining 
urine continuously into a collection bag. After several 
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weeks, this may lead to urinary infection and stone 
formation, not to mention the discomfort of having 
a catheter in the urethra and the inconvenience of 
carrying a urine collection bag. 

e For many men with incomplete bladder emptying, 
it is possible to learn to insert and remove a catheter 
themselves (CIC), decreasing the risk of infection and 
minimizing discomfort with little inconvenience. 

e Using the dominant hand, catheter is slowly inserted 
into the urethra until urine begins to flow. There may 
be a slight resistance at the level of the sphincter and 
prostate. It is important for the patient to breathe 
slowly and relax their muscles. 

e The catheter must be advanced by another 3 cm (about 
1 inch) to ensure that the tip is well into the bladder. 

e Drainage of urine may be done into a container or 
directly into the toilet. Gentle straining may help 
bladder emptying. Take note of the amount of urine 
obtained. When urine stops flowing, the catheter 
is withdrawn slowly. Urine may flow irregularly as 
additional pockets are drained. The penis may be 
wiped with tissue paper and replace the foreskin in its 
usual position. 

e The catheter is washed, cleaned and stored before 
washing the hands again. The frequency of bladder 
emptying depends on the volume and type of fluid 
consumed and the bladder storage capacity. Restricting 
ones evening fluid consumption may prevent the need 
to empty during the night. 

e Often, a sensation of bladder fullness may indicate the 
need to catheterize. Most men who empty only with 
a catheter will self catheterize four or five times daily, 
about every 4-6 hours when the bladder contains 
400-500 mL of urine. 

e Ifthe urine volume is more than 600 mL, the patient 
will need to increase the frequency of catheterization. 
When the patient’s drain is less than 200 mL at a time, 
one may catheterize less often, sometimes no more 
than once or twice daily, ifthe patient is voiding as well. 


Possible Problems 


Pain or resistance with the passage of a catheter may 
indicate that the patient is not using enough lubricant. 
Occasionally, it may be a sign of scar formation in the 
bladder outlet. Blood on the catheter or in the urine 


suggests the possibility of injury to the urethra, prostate 
or bladder. Concern arises when bleeding is continuous, 
frequent or heavy. Cloudy, foul-smelling urine, painful 
urination, fever (over 38.5°C or 101°F), chills or abnormal 
sweating may indicate infection. 

Ifthe patient is unable to insert the catheter after several 
attempts, urologist consultations become necessary. 
Clean intermittent catheterization is a safe and effective 
way of emptying the bladder when necessary. It may be 
best to empty the bladder before engaging in sex. Bowel 
function should not be affected and one should be able to 
take all of the usual medication. 


Catheter Care 


Generally, a catheter can be reused and cleaned for about 
a week unless it becomes rough, cracked or damaged. In 
expensive replacement catheters may be purchased from 
your medical supply store or pharmacy. It is always safe 
to keep 2 or 3 catheters on hand at all times. Immediately 
after using a catheter, wash it with warm soapy water and 
rinse it thoroughly, inside and out. Liquid hand or dish 
soap is effective and safe. The catheter may be allowed to 
air dry on a clean surface or towel. Store it in a dry, paper 
towel or clean zip-lock plastic bag. 
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PRELUDE 


The involuntary loss of urine is incontinence. This is not a 
disease, but a symptom. Incontinence brings a significant 
personal distress and it is socially embarrassing. Urinary 
incontinence is defined by the International Continence 
Society as the involuntary loss of urine that represents 
a hygienic or social problem to the individual. The 
major categories of incontinence are either urethral or 
extraurethral, e.g. vesicovaginal fistula. The other different 
types of incontinence include: stress incontinence, urge 
incontinence, mixed incontinence, overflow incontinence 
and functional incontinence. Significant loss can be 
defined and quantified more accurately by objective 
evidence such as the number of pads used per day. 

A detailed history and physical examination will 
usually lead toward the correct diagnosis and require 
only a few confirmatory tests. Successful treatment of 
urinary incontinence must be tailored to the specific 
cause of incontinence. The first choice for treatment is 
the least invasive, with the least number of potential 
complications for the patient. Examples of noninvasive 
treatments include medications or exercises; however, the 
least invasive treatment may not afford the best outcome 
in certain situations. In specific situations, minimally 
invasive surgery may be the most effective form of 
managing urinary incontinence. 
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PATHOPHYSIOLOGY OF INCONTINENCE 


The differential diagnoses of urinary incontinence are 
broad with multiple causes. Sometimes, more than one 
contributing factor exists, further complicating diagnosis 
and therapy. Distinguishing these different etiologies is 
imperative because each condition warrants a different, 
but often overlapping and therapeutic approach. 

Stress incontinence is urinary incontinence, coincident 
with increased intra-abdominal pressure in the absence of 
uninhibited detrusor contraction. In stress incontinence, 


Incontinence 


the bladder outlet has poor resistance to urinary flow. The 
most common cause of stress incontinence is urethral 
hypermobility secondary to poor anatomic pelvic 
support. A less common cause of stress incontinence is an 
inherent defect in the urethra known as intrinsic sphincter 
deficiency. 

Urge incontinence is involuntary urine loss due to 
detrusor overactivity. Urge incontinence may be a result 
of detrusor myopathy, neuropathy or a combination of 
both. When the identifiable cause is unknown, it is termed 
as idiopathic urge incontinence. Symptoms of overactive 
bladder or urge incontinence in the absence of neurologic 
causes are known as detrusor instability. 

Mixed incontinence is urinary incontinence resulting 
from a combination of stress and urge incontinence. 
In mixed incontinence, the bladder outlet is weak and 
the detrusor is overactive. A classic example of mixed 
incontinence is a patient with meningomyelocele and an 
incompetent bladder neck with a hyper-reflexic detrusor; 
however, a combination of urethral hypermobility and 
detrusor instability is a more common scenario. 

Reflex incontinence is due to neurologic impairment 
of the central nervous system (CNS). Common neurologic 
disorders associated with reflex incontinence include: 
stroke, Parkinson’s disease and brain tumors. Reflex 
incontinence also occurs in patients with spinal cord 
injuries and multiple sclerosis. When patients with 
suprapontine or suprasacral spinal cord lesions present 
with symptoms of urge incontinence, this is known as 
detrusor hyper-reflexia. 

Overflow incontinence is due to overdistention of the 
detrusor muscle. Overflow incontinence may occur as a 
result of bladder outlet obstruction, detrusor atony, or 
neurologic impairment of the urinary bladder. Common 
causes of bladder outlet obstruction in men include: benign 
prostatic hyperplasia (BPH); vesical neck contracture; and 
urethral strictures. In women, urethral obstruction after 
anti-incontinence surgery, such as a sling or bladder neck 
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suspension, can result in iatrogenically induced overflow 
incontinence. 

Some common neurologic causes of overflow 
incontinence include: herniated lumbar disk, diabetic 
cystopathy and peripheral neuropathy. Less common 
causes of overflow incontinence include: AIDS, genital 
herpes affecting the perineal area and neurosyphilis. A 
decompensated detrusor resulting from a neurologic 
disorder is known as an areflexic detrusor. 


MECHANISM OF INCONTINENCE 


The urine storage and voiding mechanism consists of the 
voluntary filling and voiding of the urinary bladder which 
is controlled by a combined action of the pelvic floor 
muscles, the detrusor, and the urethral sphincters. 

During bladder filling, the detrusor, a smooth muscle, 
needs to be relaxed (compliant) while the sphincters and 
urethra need to be contracted. During filling, the Detrusor 
pressure remains nearly constant. 

During voiding, the opposite effect is observed; the 
detrusor contracts (its pressure increases) while the 
sphincters and urethra relax. 

Micturition requires coordination of several 
physiological processes. Somatic and autonomic nerves 
carry bladder volume input to the spinal cord, and motor 
output innervating the detrusor, sphincter, and bladder 
musculature is adjusted accordingly. The cerebral cortex 
exerts a predominantly inhibitory influence, whereas the 
brainstem facilitates urination by coordinating urethral 
sphincter relaxation and detrusor muscle contraction. 

As the bladder fills, sympathetic tone contributes to 
closure of the bladder neck and relaxation of the dome of 
the bladder and inhibits parasympathetic tone. At the same 
time, somatic innervations maintains tone in the pelvic floor 
musculature as well as the striated per urethral muscles. 

When urination occurs, sympathetic and somatic 
tones in the bladder and periurethral muscles diminish, 
resulting in decreased urethral resistance. Cholinergic 
parasympathetic tone increases, resulting in bladder 
contraction. Urine flow results when bladder pressure 
exceeds urethral resistance. 

Normal bladder capacity is 300-500 mL, and the first 
urge to void generally occurs between bladder volumes of 
150 and 300 mL. Incontinence occurs when micturition 
physiology, functional toileting ability, or both have been 
disrupted. The underlying pathology varies among the 
different types of incontinence (i.e. stress, urge, mixed, 
reflex, overflow, and functional incontinence). 


Detrusor Factors 


e Detrusor instability (primary overactive bladder) 

e Detrusor hyper-reflexia (spastic type of neuropathic 
bladder where the cause is known) 

e Loss of compliance of bladder (irradiated bladder). 


Sphincter Factors [Sphincter Weakness 
Incontinence (SWI)] 


e Weakness of sphincter (Postradical prostatectomy 

SWI) 

e Noncompliant sphincter (irradiated or infiltration of 
tumor in sphincter active urethra) 

The bladder now contracts over the relaxed bladder 
neck and sphincter, resulting in micturition. 

Continence mechanism depends on following factors: 
e Detrusor factors 
e Sphincter factors. 

Overactive bladder can initiate detrusor contraction 
to raise the intravesical pressure which may intermittently 
exceeds the urethral closing pressure resulting incontinence. 
Weakness or damage of the sphincter (active zone of 
urethra) may not be able to maintain a constant urethral 
closing pressure to keep the patient dry or continent. 


CLASSIFICATION OF INCONTINENCE 


The loss of urine in an incontinent patient may be 
from urethra or from an abnormal extraurethral route. 
Urethral incontinence is characterized by the constant or 
periodic loss of urine without warning and may be urge 
incontinence, stress incontinence, over flow incontinence 
or SWI (Box 68.1). Classic example of extraurethral 
incontinence is vesicovaginal or ureterovaginal fistula 


Box 68.1: Classification of incontinence 
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where the patient is always wet due to leakage of urine from 
an abnormal extraurethral communication of urinary tract 
with genital tract. 


Stress Incontinence 


Stress incontinence is characterized by the involuntary 
loss of urine associated with raised abdominal pressure 
without any detrusor activity. It happens during physical 
activities such as coughing, laughing, sneezing, lifting 
or exercise. This usually occurs in female patients with 
weakness of the pelvic floor support and descends of the 
bladder neck, resulting in loss of intra-abdominal part of 
urethra. The net result is a loss of the normal transmission 
of intra-abdominal pressures to the proximal urethra. 
Increased intra-abdominal pressure will therefore 
cause only elevated intravesical pressures and loss of 
urine because the outlet resistance is unchanged. The 
cystometrogram (CMG) will be normal. 


Stress Incontinence in Females 


Definition: It is an involuntary loss of urine due to 
abdominal stress without increasing intravesical pressure. 
Causes: Age, childbirth, obesity and pudendal nerve palsy 
Assessment: It includes; Cough test, Bonney’s test, video 
CMG, lateral view cystogram, cystourethroscopy. 
Treatment: It includes conservative treatment of stress 
urinary incontinence, surgical repair (Colposuspension). 

This is an involuntary loss of urine associated with a 
strong desire to void. Urge incontinence is the result of 
an involuntary rise in intravesical pressure secondary 
to detrusor contraction, overcoming outlet resistance. 
Bladder instability produces a sensation of urgency of 
urination in most patients. 

It may be due to either motor or sensory causes. 
Common causes of motor urge incontinence in detrusor 
instability include loss of cortical inhibition of the 
voiding reflex as occurs after strokes, dementia, or with 
Parkinsonism. However, the more common local causes 
of detrusor instability or sensory causes, such as infection, 
bladder stone, carcinoma in situ (CIS) tumor, interstitial 
cystitis, or foreign body, must always be ruled out first. 


Overflow Incontinence 


Overflow incontinence is said to be paradoxical because 
urine loss is the result of a failure of the bladder to empty, 
rather than an inability to properly store urine. Causes 
include bladder outlet obstruction, detrusor weakness, 
or a combination of both. Male patients with outlet 


obstruction secondary to BPH or strictures typically 
present with symptoms of frequency, slow weak stream 
and voiding small volumes. They will often have high 
residual urine and the urine overflows when they exceed 
the urethral closing pressure. Females more typically 
have detrusor hypotonicity with poor emptying and 
high postvoid residuals secondary to diabetes mellitus, 
autonomic neuropathy or anticholinergic medications 
(i.e. tranquilizers). 

Classically, this may occur in postradical prostatectomy 
cases (5%) and rarely this type of incontinence may occur 
after transurethral resection of prostate (> 1%). In this type 
of incontinence, the patient never voids but constantly 
patient is leaking through the urethra. 


Nocturnal Enuresis 


Enuresis refers to involuntary wetting in children. 
Many authors like to classify this under the heading 
of incontinence. It is generally a problem at night and 
should be referred to as nocturnal enuresis as opposed 
to diurnal enuresis. However, these qualifiers are often 
omitted and enuresis is usually taken to mean bedwetting. 
Enuresis is a common problem and should be viewed 
as a developmental lag in the inhibitory influence of the 
CNS on the urinary bladder. However, behavioral or stress 
factors are believed to also play a role in some children. 
Primary enuretics are children who have been wet since 
birth, whereas secondary enuretics have had a period of 
dryness before reverting to wetting. Most primary enuresis 
resolves around the second or third year of life; however, 
some children will continue to wet through their sixth year. 
No objective organic lesion will be identified in the true 
enuretic other than a lower functional bladder capacity. The 
diagnosis is made by excluding urologic disease which could 
be responsible (i.e. urinary tract infections, reflux, meatal 
stenosis, bladder outlet obstruction, or neurologic disease). 


Investigations 


A careful history, urinalysis and plain film of the abdomen 
are generally all that are necessary to work-up the enuretic 
child. If the history or urinalysis suggests organic disease 
then a more thorough investigation including voiding 
cystourethrogram, intravenous urogram and cystoscopy 
would be in order. 

Spontaneous resolution can be expected with regularity 
requiring only parental reassurance, toilet training and 
fluid restriction before bedtime. More aggressive measures 
should be considered in the child reaching school age. 
Alarm conditioning is ineffective in the nocturnal enuretic. 
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The child is usually sleeping deeply and the parents wake 
up to change the clothings and sheets. 


Postmicturition Dribble 


This is the loss of small volume of urine after voiding 
affecting primarily in men. This may be physiological due 
to the fact that the capacious bulbar urethra holds about 5 
mL ofurine which gradually trickles down through urethra. 
It may be related to underlying disease like stricture 
urethra where a volume of urine is trapped between the 
sphincter and the stricture segment. The trapped urine 
gradually trickles down through meatus after micturition. 


HISTORY 


Details of symptoms, including urgency, frequency, 
dysuria, stress leakage, and times of leakage, should be 
recorded. A detailed history of other medical problems, 
including medications is always important. Neurological 
symptoms should be recorded in order to identify the 
neuropathic bladder problems. 


Voiding Diary 


A voiding diary is a daily record of the patient’s bladder 
activity and is a useful supplement to the medical history 
of the patient. 

Objective assessment of symptoms also requires an 
exact idea of fluid balance which can be best understood 
by the frequency volume chart where the patient recorded 
his intake of fluid, times and volume of urine passed 
through 24 hours. Patient also notes down that episodes of 
incontinence occur. The value of this simple observation is 
tremendous since it can tell the degree of severity, and can 
be used as a test to assess the result of a treatment. 

Past medical history like diabetes mellitus, urethral 
surgery should be noted. 


Physical Examination 


Abdominal, genital, pelvic and rectal examinations should 
be routine, along with a full neurologic assessment should 
be done. In women, vaginal examination should be done 
to confirm the leakage of urine by cough test (usually 
six cough). 


Pad Test 


A pad test is a useful adjunct to the patient’s history 
and physical examination. The pad test is an objective 


test that determines whether the fluid loss the patient is 
experiencing is in fact urine. Intravesical methylene blue, 
oral pyridium, or urised may be used as a coloring agent. If 
the peri-pad changes color, the fluid lost is urine. The pad 
test may be performed during a 1-hour period or a 24-hour 
period. The pads may be weighed (1 gm = 1 mL) to assess 
the severity of urine loss. 


Q-tip Test 


This test is performed by inserting a sterile lubricated 
cotton swab (Q-tip) into the female urethra. The cotton 
swab is gently passed into the bladder and then slowly 
pulled back until the neck of the cotton swab is fit snugly 
against the bladder neck. The patient then is instructed to 
perform a Valsalva maneuver or to contract the abdominal 
muscles. Excessive motion of the urethra and bladder neck 
(hypermobility) with straining is an important finding for 
type II stress incontinence. A Q-tip excursion angle greater 
than 35° indicates urethral hypermobility. 


Cough-Stress Test 


A critical part of the pelvic examination is direct 
observation of urine loss using the cough stress test or 
Marshall’s test. The cough stress test is performed by filling 
the bladder with sterile fluid at least halfway (e.g. 250 mL) 
and instructing the patient to bear down (Valsalva) or 
cough. Observation of leakage during Valsalva maneuver 
or cough denotes a positive test result. 

The Marshall’s test, otherwise known as the Marshall- 
Bonney test, is performed by placing an index finger and 
the second finger on either side of the bladder neck. With 
the bladder relatively full, the patient is instructed to 
perform Valsalva or cough. The two fingers at the bladder 
neck serve to support the proximal urethra during Valsalva 
maneuver. The absence of leakage with bladder neck 
elevation and the presence of leakage with loss of bladder 
neck support confirm stress urinary incontinence due to 
urethral hypermobility. However, the Marshall’s test is 
neither sensitive nor specific enough to diagnose stress 
urinary incontinence by today’s standards. Thus, the 
Marshall’s test is not widely practiced today. 


Standing Pelvic Examination 


A standing pelvic examination is performed if a pelvic 
examination fails to demonstrate urine loss or if a pelvic 
organ prolapse is suspected. Ifthe pelvic prolapse is present, 
push the prolapsed organ up with a pessary or gauze and 
repeat the cough stress test in the standing position. 


Chapter 68 Incontinence 


CAUSES OF NEUROPATHIC BLADDER/ 
URETHRAL DYSFUNCTION 


Causes of neuropathic bladder/urethral dysfunction are 
described in Table 68.1. 


Work-up for Incontinence 
Laboratory Studies 


Urinalysis and urine culture: Cystitis can produce 
irritative voiding symptoms and urge incontinence. 


Urine cytology: Patients with CIS of the urinary bladder 
have symptoms of urinary frequency and urgency and 
show evidence of microscopic hematuria. 


Chemistry-7 profile: These tests are helpful for patients in 
whom poor renal function, obstructed ureters, or urinary 
retention is suggested. 


Imaging Studies 


Ultrasound cystodynamics: 

e Ultrasound examination of urinary tract, particularly 
the measurement of postvoid residual (PVR) volume is 
a part of the basic evaluation for urinary incontinence. 
If the PVR volume is high, the bladder may be weak or 
acontractile to deliver its content or the outlet may be 
obstructed. To determine the PVR urine, either bladder 
ultrasonography or a urethral catheter may be used. 

e Uroflow: A useful screening test, uroflow is used mainly 
to evaluate bladder outlet obstruction. Consistently 
low-flow rates generally indicate a bladder outlet 
obstruction but may also indicate decreased detrusor 
contractility. To properly diagnose bladder outlet 
obstruction, perform pressure-flow studies. 

e Voiding CMG (pressure-flow study): A pressure-flow 
study simultaneously records the voiding detrusor 
pressure and the rate of urinary flow. Voiding CMG 


Table 68.1: Causes of neuropathic bladder/urethral dysfunction 
Supraspinal Spinal 
Spina bifida 


Trauma 


Peripheral 


Trauma 


Cerebral palsy 


Cerebrovascular 
accident 


Postpelvic surgery 


Trauma Cord compression Postpelvic 


radiotherapy 


Parkinson's disease Multiple sclerosis Multiple sclerosis 


is the only test able to provide information about 
bladder contractility and the extent of a bladder 
outlet obstruction. A filling CMG assesses bladder 
capacity, bladder compliance, and the presence of 
phasic contractions. This test may be performed using 
either gas or liquid to fill the bladder, with different 
interpretive criteria applying to each. Usually, the 
patient feels the first sensation as the bladder begins 
to fill with 100-200 mL of water. As the bladder nears 
capacity, 300-400 mL, the patient may begin to feel 
uncomfortable. True urge to void occurs when the 
bladder has been filled to capacity. An average adult 
bladder holds approximately 450-500 mL of urine. 

Abdominal leak point pressure (ALPP): An important 

component of multichannel videourodynamics is 

the determination of the ALPP. Abdominal leak point 
pressure allows stress urinary incontinence in women 
to be classified into urethral hypermobility, intrinsic 
sphincter deficiency, or both in combination. In patients 

with stress incontinence, an ALPP less than 90 cm H,O 

indicates intrinsic sphincter deficiency, whereas ALPP 

more than 90 cm H,O reflects urethral hypermobility. 

— Abdominal leak point pressure (also known 
as Valsalva leak point pressure) is performed 
by instilling 250 mL of fluid medium into the 
urinary bladder. The patient is instructed to bear 
down (Valsalva) in gradients (i.e. mild, moderate 
and severe) to demonstrate leakage. The lowest 
abdominal pressure required to generate leakage is 
recorded as ALPP. 

— Cough leak point pressure (CLPP) is performed 
by instilling 250 mL of fluid medium into the 
urinary bladder. The patient is instructed to 
cough in gradients (i.e. mild, moderate or severe) 
to demonstrate leakage. The lowest abdominal 
pressure required to generate leakage is recorded 
as CLPP. 

— Valsalva leak point pressure appears to be more 
sensitive than CLPP in diagnosing intrinsic 
sphincter deficiency because coughing and 
Valsalva seem to result in a different reaction of 
the pelvic floor. In addition, progressive bladder 
filling in 50 mL increments (e.g. 250 mL, 300 mL 
and 350 mL) also appears to increase the sensitivity 
of leak point pressure testing. Leak point pressure 
testing may be performed with or without video 
(fluoroscopic) capabilities. 

Electromyography: It enables documentation of 

voiding and is used to distinguish coordinated voiding 

(i.e. detrusor sphincter synergia) from uncoordinated 

voiding (i.e. detrusor sphincter dyssynergia). 
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e Cystogram: A lateral cystogram helps to confirm 
the presence of stress incontinence, the degree of 
urethral motion, and the presence of cystocele. 
These radiographs may also demonstrate intrinsic 
sphincter deficiency by showing a wide-open urethra 
on the resting films. Vesicovaginal fistula may also be 
documented in this fashion. 

e Magnetic resonance imaging (MRI): It provides excellent 
anatomic detail, particularly in women with pelvic 
organ prolapse. Magnetic resonance imaging may be 
useful in certain situations requiring complex surgical 
reconstruction. However, the cost-effectiveness of 
obtaining routine MRI remains controversial. 

e Cystoscopy: It allows an anatomical assessment of 
the bladder and the urethra. Bladder lesions, such 
as a tumor or CIS, which would otherwise remain 
undiagnosed using urodynamics alone, can be 
identified. Cystoscopy is also indicated for patients 
experiencing persistent irritative voiding symptoms 
or hematuria. In some cases, unexplained persistence 
of symptoms is due to a stone or foreign body (e.g. 
stitch, mesh material from prior surgery for prolapse or 
incontinence). Lastly, urethroscopy can be performed 
to assess the structure and function of the urethral 
sphincter mechanism. 


Differential Diagnoses 


e Transient incontinence 

e Ureterovaginal fistula 

e Vesicovaginal fistula 

e Urethrovaginal fistula 

e Ectopic ureter 

e Normal vaginal secretions 
e Vaginal voiding. 


GENERAL MANAGEMENT 


Modification of general factors, like weight reduction, 
perineal exercise, immobility, fecal impaction and dose of 
diuretics, etc. may be helpful. 


Management of Urge Incontinence 
Motor Urge Incontinence 


Pharmacotherapy with uroselective anticholinergics, e.g. 
propantheline, oxybutynin, imipramine or tolterodine, 
may be effective for mild-to-moderate symptoms. In 
severe cases, where the pharmacotherapy is ineffective, 
augmentation cystoplasty will be indicated which will 
create a low pressure and high capacity bladder. 


Sensory Urge Incontinence 


The treatment of sensory urge incontinence depends 
on the etiology of the condition. Infection in the lower 
urinary tract should be dealt with the proper antibiotics as 
suggested by the culture and sensitivity test. Appropriate 
treatment of the stone disease or transitional cell 
carcinoma will relieve the sensory urge incontinence. 


Management of Stress Incontinence 


Mild-to-moderate stress incontinence can be treated by 
medical means that includes uroselective anticholinergic 
drugs, control of infection, vaginal weights and perineal 
exercise, etc. 


Faradic Stimulation of Pelvic Floor Muscles 


Surgical treatment is indicated in severe degree of stress 
incontinence and those who have not responded with 
all above treatment. Endoscopic maneuver includes the 
installation of bioplastics, autologous fat or collagen into 
the urethra to increase urethral resistance. 


Treatment of Primary Detrusor Instability 


Open Burch’s colposuspension is reserved for the most 
difficult or recurrent stress urinary incontinence. Here, the 
vaginal vault is elevated and fixed with the iliopectineal 
ligament in order to restore the abdominal part of urethra 
and thereby achieving continence. 

Alternative approaches are endoscopic 
colposuspensions, e.g. Stamey’s or Raz’s procedure 
can bring a short-term success of about 80%. This is a 
minimally invasive procedure and not responded with all 
above treatment. 

Tension-free vaginal tape is very popular method of 
treating the stress urinary incontinence. This technique 
involves the insertion of a self-retaining synthetic tape 
through the anterior abdominal wall and behind the 
urethra. Pulling the tape from above will elevate the 
urethra to restore the abdominal part of urethra to achieve 
continence. Artificial sphincter may be reserved for the 
most difficult cases. 

Treatment of primary detrusor inability is given in 
Box 68.2. 


Management of Post-Prostatectomy Incontinence 


Most of the patients developing incontinence after 
transurethral resection of the prostate (TURP) or other 
form of prostatectomy should be carefully evaluated to 
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Box 68.2: Treatment of primary detrusor instability 


exclude over active bladder, stricture of urethra, post- 

micturition dribble, etc. by history, physical examination 

and appropriate investigations. In practical situation, 

incontinence following TURP rarely happens and has 

been estimated as low as less than 1% only. Incidence of 

SWI may be, resulted from radical prostatectomy, as high 

as 10% or more. Most of the cases of post-prostatectomy 

SWI recover spontaneously either partially or completely 

with expectant medical treatment and with time except a 

badly damaged sphincter during surgery. Investigation of 

post prostatectomy incontinence is shown in Box 68.3. 

Following treatment options are available: 

e Pads to control wetting: The simplest device for minor 
incontinence 

e External incontinence device: Cunningham clamp 

e Faradic stimulation to perineal musculature and 
electronic rectal plug 

e Drugs: Alpha-adrenergic agonists, e.g. imipramine (has 
both agonist and anticholinergic effects). Uroselective 
anticholinergic drugs, like oxybutinine, may also be used. 


Surgical Treatment 


It includes indication and reconstruction of bladder neck. 


Indication 

Failure to improve with time and conservative measures in 
an otherwise fit patient. 

Reconstruction of Bladder Neck 


e Young-Dees-Leadbetter’s procedure—tubularization 
of trigone with reimplantation of ureters 


Box 68.3: Investigations of postprostatectomy incontinence 


e Tanagho’s procedure: Tubularization of anterior surface 
of bladder and reanastamosis to urethra. Cuff encircling 
bladder neck or bulb with inflation and deflation bulbs 
and valves placed in scrotum on each side and fluid- 
filled reservoir implanted between rectus abdominis and 
peritoneum. 

Artificial urinary sphincter (AUS) is the most 
satisfactory treatment when all the above treatments are 
ineffective. Artificial urinary sphincter is expensive and 
may cause malfunction due to its various component of 
hydraulic system. In general, it is cost-effective. It may 
remain that infection is the most important complication 
of this prosthesis implantation. Malfunction of the various 
hydraulic components are not rare. 

Results of surgery: Overall the success rates are 
disappointing ranging from 15 to 70%, the best results 
being achieved with the AUS prosthesis; however, its 
expense and availability limit its use. 
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Myelomeningocele is a birth defect in which the backbone 
and spinal canal do not close before birth. The condition is 
a type of spina bifida. Myelodysplasia refers to a spectrum 
of congenital spinal anomalies caused by defects in neural 
tube closure. Failure of the posterior vertebral arches to 
fuse results in the development of a cystic meningocele 
which contains dysplastic neural elements (Fig. 69.1). The 
cord is frequently tethered to adjacent bony structures and 
does not recede with normal growth. 


CAUSES 


Normally, during the first month of a pregnancy, the two 

sides of the spine (or backbone) join together to cover 

the spinal cord, spinal nerves and meninges (the tissues 
covering the spinal cord). Spina bifida refers to any birth 
defect involving incomplete closure of the spine. 

Myelomeningocele is the most common type of spina 
bifida. It is a neural tube defect in which the bones of the 
spine do not completely form, resulting in an incomplete 
spinal canal. This causes the spinal cord and meninges 
(the tissues covering the spinal cord) to stick out of the 
child’s back. 

Myelomeningocele may affect as many as 1 out of 
every 800 infants. The rest of myelomeningocele cases, 
which occur most commonly, are as follows: 

e Spina bifida occulta, a condition in which the bones of 
the spine do not close but the spinal cord and meninges 
remain in place, and skin usually covers the defect. 

e Meningoceles, a condition where the tissue covering 
the spinal cord sticks out of the spinal defect but the 
spinal cord remains in place. 

Other congenital disorders or birth defects may 
also be present in a child with myelomeningocele. 
Hydrocephalus may affect as many as 90% of children 
with myelomeningocele. Other disorders of the spinal 
cord or musculoskeletal system may be seen including 
syringomyelia and hip dislocation. 


Myelomeningocele 


Jahangir Kabir 


The cause of myelomeningocele is unknown; however, 
low levels of folic acid in a woman’s body before and 
during early pregnancy is thought to play a part in this 
type of birth defect. The vitamin folic acid (or folate) is 
important for brain and spinal cord development. 

Also, if a child is born with myelomeningocele, future 
children in that family have a higher risk than the general 
population. However, in many cases, there is no family 
connection. Some theorize that a virus make play a role, 
since there is a higher rate of this condition in children 
born in the early winter months. Research also indicates 
possible environmental factors such as radiation. 


SYMPTOMS 


A newborn may have a sac sticking out of the mid to lower 
back. The doctor cannot see through the sac when shining 
a light behind it. Symptoms include: 


Fig. 69.1: Myelomeningocele 
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e Loss of bladder or bowel control 

e Partial or complete lack of sensation 

e Partial or complete paralysis of the legs 

e Weakness of the hips, legs, or feet of a newborn. 

Other symptoms may include: 

e Abnormal feet or legs, such as clubfoot 

e Build up of fluid inside the skull (hydrocephalus) 

e Hair at the back part of the pelvis called the sacral area 
e Dimpling of the sacral area. 


CLASSIFICATION 


Various degrees of myelomeningocele occur, from spina 
bifida occulta to spina bifida aperta (Box 69.1). The 
resulting neurologic deficits include lower urinary tract 
dysfunction with more than 90% of these patients having 
incontinence. Bladder and sphincter dysfunction occurs 
including detrusor areflexia or hyper-reflexia with or 
without coordinated sphincter activity. The primary goals 
of management are to preserve renal function, to prevent 
infection and to provide urinary control (Fig. 69.2). 


WORK-UP 


Prenatal screening can help diagnose this condition. 
During the second trimester, pregnant women can have 
a blood test called the quadruple screen. This test screens 
for myelomeningocele, Down’s syndrome and other 


Box 69.1: Clinical types of spinal bifida 


Spina bifida occulta Meningocele 


congenital diseases in the baby. Most women, carrying 
a baby with spina bifida, will have a higher than normal 
levels of a protein called maternal alpha fetoprotein. If the 
quadruple screen test is positive, further testing is needed 
to confirm the diagnosis. Such tests may include: 

e Pregnancy ultrasound 

e Amniocentesis 

Myelomeningocele can be seen after the child is born. 
A neurologic examination may show that the child has loss 
of nerve-related functions below the defect. For example, 
watching how the infant responds to pinpricks at various 
locations may reveal where he or she can feel the sensations. 

Tests done on the baby after birth may include X-rays, 
ultrasound, computed tomography or magnetic resonance 
imaging of the spinal area. 

In addition to specific neurologic assessment, early 
evaluation of the upper tracts must be made in the 
neonatal period. Urinalysis, urine culture and ultrasound 
should be obtained. If hydronephrosis is found (10%), a 
voiding cystouretherogram should be performed to look 
for vesicoureteric reflux. 

Urodynamic evaluation will eventually be necessary. 
Urodynamic study will clearly define whether the bladder 
is hyper-reflexic or areflexic type. Careful periodic 
follow-up with urinalysis, culture and imaging of the upper 
tracts with ultrasound or urography should be ensured. 


MANAGEMENT 


Genetic counseling may be recommended. In some cases, 
where severe defect is detected early in the pregnancy, a 
therapeutic abortion may be considered. 

After birth, surgery to repair the defect is usually 
recommended at an early age. Before surgery, the 


Myelomeningocele 


Fig. 69.2: Clinical types of myelomeningocele 


419 


420 


Section 8 Neurourology 


infant must be handled carefully to reduce damage to 
the exposed spinal cord. This may include special care 
and positioning, protective devices, and changes in the 
methods of handling, feeding and bathing. 

Children who also have hydrocephalus may need a 
ventricular peritoneal shunt placed. This will help drain 
the extra fluid. Antibiotics may be used to treat or prevent 
infections such as meningitis or urinary tract infections. 
Patients should be classified as either failure to store, 
failure to empty (hyper-reflexic bladder) on the basis of 
urodynamic study. 


Hyper-reflexic Bladder from Myelomeningocele 


Patients who fail to store (hyper-reflexic type) can be 
managed with uroselective anticholinergic drugs or 
augmentation cystoplasty surgical procedures to enlarge 
the bladder or increase outlet resistance (i.e. bladder neck 
plasty or artificial sphincter). 


Areflexic Bladder from Myelomeningocele 


Clean intermittent catheterization is the most common 
mode of therapy for patients who fail to empty (areflexic 
type of bladder). Urinary diversion is the last resort. 
Antireflux procedures are also commonly needed. 

Most children will require lifelong treatment for 
problems that result from damage to the spinal cord and 
spinal nerves. This includes: 

e Gentle downward pressure over the bladder may help 
drain the bladder. In severe cases, drainage tubes, called 
catheters, may be needed. Bowel training programs 
and a high-fiber diet may improve bowel function. 

e Orthopedic or physical therapy may be needed to treat 
musculoskeletal symptoms. Braces may be needed for 
muscle and joint problems. 

e Neurological losses are treated according to the type 
and severity of function loss. 

Follow-up examinations generally continue 
throughout the child’s life. These are done to check the 
child’s developmental level and to treat any intellectual, 
neurological or physical problems. 

Visiting nurses, social services, support groups and 
local agencies can provide emotional support and assist 


with the care of a child with a myelomeningocele who has 
significant problems or limitations. 


PROGNOSIS 


A myelomeningocele can usually be surgically corrected. 
With the treatment, length of life is not severely affected. 
Neurological damage is often irreversible. 

New problems within the spinal cord can develop later 
in life, especially after the child begins growing rapidly 
during puberty. This can lead to more loss of function 
as well as orthopedic problems such as scoliosis, foot or 
ankle deformities, dislocated hips and joint tightness or 
contractures. 

Many patients with myelomeningocele primarily use a 
wheelchair. 


POSSIBLE COMPLICATIONS 


e Difficult delivery with problems resulting from a 
traumatic birth including cerebral palsy and decreased 
oxygen to the brain 

e Frequent urinary tract infections 

e Hydrocephalus 

e Loss of bowel or bladder control 

e Meningitis 

e Permanent weakness or paralysis of legs. 
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Function of the urinary bladder with its continence 
mechanism is unique because of its voluntary control 
from the cerebral cortex. Normal bladder function 
requires coordinated interaction of sensory and motor 
nerves. The normal function of the urinary bladder is to 
store and expel urine in a coordinated, controlled fashion. 
This coordinated activity is regulated by the central and 
peripheral nervous systems. Neurogenic bladder is a 
term applied to a malfunctioning urinary bladder due to 
neurologic dysfunction or insult emanating from internal 
or external trauma, disease or injury. 


FUNCTIONAL FEATURES OF BLADDER 


e A normal capacity of 400-500 mL 

e Ability to accommodate various volumes without a 
change in intravesical pressure (receptive relaxation) 

e Ability to initiate and sustain a contraction until the 
bladder is empty 

e Voluntary initiation or inhibition of voiding despite the 
involuntary nature of the organ. 

Components ofboth the somatic and autonomic nervous 
systems and their work is finely tuned by a center in central 
nervous system. Therefore, many neurologic diseases and 
injuries cause changes in bladder function, e.g. multiple 
sclerosis (MS), spinal injury, cerebrovascular disease, 
Parkinson’s disease, diabetes mellitus, meningomyelocele 
and amyotrophic lateral sclerosis, etc. Injury to the sacral 
roots from spinal surgery, herniation of intervertebral 
disk or nerve injuries from pelvic surgery, hysterectomy, 
abdominoperineal resection can also cause neuropathic 
bladder. Neglected cases of acute retention of urine may 
cause injuries to nerve receptors, which eventually turn into 
a hyporefexic or areflexic type of neuropathic bladder. 


An Overview of 
Neuropathic Bladder 


PATHOPHYSIOLOGY OF NEUROPATHIC BLADDER 


If a problem occurs within the nervous system, the entire 
voiding cycle is affected. Any part of the nervous system 
may be affected, including the brain, pons, spinal cord, 
sacral cord and peripheral nerves. A dysfunctional voiding 
condition results in different symptoms, ranging from 
acute urinary retention to an overactive bladder or a 
combination of both. 

Urinary incontinence results from a dysfunction of 
the bladder, the sphincter or both. Bladder overactivity 
(spastic bladder) is associated with the symptoms of urge 
incontinence, while sphincter underactivity (decreased 
resistance) results in symptomatic stress incontinence. 
A combination of detrusor overactivity and sphincter 
underactivity may result in mixed symptoms. 


Brain Lesion 


Lesions of the brain above the pons destroy the master 
control center, causing a complete loss of voiding 
control. The voiding reflexes of the lower urinary tract, 
the primitive voiding reflex, remain intact. Affected 
individuals show signs of urge incontinence, or spastic 
bladder (medically termed detrusor hyper-reflexia or 
over activity). The bladder empties too quickly and too 
often, with relatively low quantities and storing urine in 
the bladder is difficult. Usually, people with this problem 
rush to the bathroom and even leak urine before reaching 
their destination. They may wake up frequently at night 
to void. 

Typical examples of a brain lesion are stroke, brain 
tumor or Parkinson’s disease. Hydrocephalus, cerebral 
palsy and Shy-Drager syndrome are also brain lesions. 
Shy-Drager syndrome is a rare condition that also causes 
the bladder neck to remain open. 
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Spinal Cord Lesion 


Diseases or injuries of the spinal cord between the pons 
and the sacral spinal cord also result in spastic bladder 
or overactive bladder. People who are paraplegic or 
quadriplegic have lower extremity spasticity. Initially, after 
spinal cord trauma, the individual enters a spinal shock 
phase where the nervous system shuts down. After 6-12 
weeks, the nervous system reactivates. When the nervous 
system becomes reactivated, it causes hyperstimulation of 
the affected organs. For example, the legs become spastic. 

These people experience urge incontinence. The 
bladder empties too quickly and too frequently. The voiding 
disorder is similar to that of the brain lesion except that the 
external sphincter may have paradoxical contractions as 
well. If both the bladder and external sphincter become 
spastic at the same time, the affected individual will sense 
an overwhelming desire to urinate but only a small amount 
of urine may dribble out. The medical term used for this is 
detrusor sphincter dyssynergia because the bladder and 
the external sphincter are not in synergy. Even though the 
bladder is trying to force out urine, the external sphincter 
is tightening to prevent urine from leaving. 

The causes of spinal cord injuries include motor vehicle 
and diving accidents. Multiple sclerosis is a common 
cause of spinal cord disease in young women. Those with 
MS also may exhibit visual disturbances, known as optic 
neuritis. Children born with myelomeningocele may have 
spastic bladders and/or an open urethra. Conversely, 
some children with myelomeningocele may have a 
hypocontractile bladder instead of a spastic bladder. 


Sacral Cord Injury 


Selected injuries of the sacral cord and the corresponding 
nerve roots arising from the sacral cord may prevent the 
bladder from emptying. If a sensory neurogenic bladder is 
present, the affected individual may not be able to sense 
when the bladder is full. In the case of a motor neurogenic 
bladder, the individual will sense that the bladder is full 
and the detrusor may not contract, a condition known 
as detrusor areflexia. These individuals have difficulty 
eliminating urine and experience overflow incontinence; 
the bladder gradually overdistends until the urine spills 
out. Typical causes are a sacral cord tumor, herniated disk 
and injuries that crush the pelvis. This condition also may 
occur after a lumbar laminectomy, radical hysterectomy 
or abdominoperineal resection. 

Some teenagers suddenly develop an abnormal 
voiding pattern and often are evaluated for tethered cord 
syndrome, a neurologic condition in which the tip of the 
sacral cord is stuck near the sacrum and cannot stretch as 


the child grows taller. Ischemic changes of the sacral cord 
associated with the tethering cause the manifestation of 
dysfunctional voiding symptoms. 


Peripheral Nerve Injury 


Diabetes mellitus and AIDS are two ofthe conditions causing 

peripheral neuropathy resulting in urinary retention. 

These diseases destroy the nerves to the bladder and may 

lead to silent, painless distention of the bladder. Patients 

with chronic diabetes lose the sensation of bladder filling 

first, before the bladder decompensate. Similar to injury 

to the sacral cord, affected individuals will have difficulty 

urinating. They may also have a hypocontractile bladder. 
Other diseases manifesting this condition are 

poliomyelitis, Guillain-Barré syndrome, severe Herpes in 

the genitoanal area, pernicious anemia and neurosyphilis 

(tabes dorsalis). 

Causes of neuropathic bladder trauma or diseases of: 

e Brain 

e Spinal cord 

e Peripheral nerve 

e Receptors. 


CLASSIFICATION OF NEUROPATHIC BLADDER 


Numerous attempts were made to classify the neuropathic 
bladder but no one is found to be appropriate. The 
Committee for the International Continence Society has 
attempted to create a functional urodynamic classification 
that is easy to understand and provides a simple basis 
for therapy. The most practical approach to classify 
the neuropathic bladder; as the group of patients with 
hyper-reflexic bladder (due to suprasacral lesion) may 
be classified as spastic bladder, the group of patient with 
sacral center injury or peripheral nerve injury may be 
classified as flaccid neuropathic bladder (Box 70.1). 


OUTLINE OF DIAGNOSIS OF 
NEUROPATHIC BLADDER 


The diagnosis of a neuropathic bladder disorder depends 
on a complete history and physical (including neurologic) 
examination. The firstinvestigation shouldbe the ultrasound 
cystodynamogram (USCD), which is a simple low cost and 


Box 70.1: Practical classification of neuropathic bladder 
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Box 70.2: Diagnosis of neuropathic bladder 


noninvasive urodynamic study and used as a screening test 
for neurourological abnormalities (Box 70.2). 

Symptoms of neurogenic bladder range from detrusor 
underactivity to overactivity, depending on the site of 
neurologic insult. The urinary sphincter also may be affected, 
resulting in sphincter underactivity or overactivity and loss of 
coordination with bladder function. The appropriate therapy 
and a successful outcome are predicted upon accurate 
diagnosis through a careful medical and voiding history 
together with a variety of clinical examinations including 
urodynamics and selective radiographic imaging studies. 

Ultrasound cystodynamogram comprises ofultrasound 
scanning of urinary tract to see upper tract, maximum 
cystometric capacity, postvoid residual (PVR) volume and 
also the urinary flow rate. This information gives a gross 
idea about bladder function and status of upper tract. 

Hyper-reflexic bladder represents thick bladder wall, 
poor bladder capacity, variable postvoid residue and 
uroflowmetry shows a high flow but short peak and upper 
tract may show hydroureteronephrosis. 

Hyporeflexic bladder shows a thin bladder wall with 
huge bladder capacity and high postvoid residue and 
uroflowmetry shows a low flow curve. 

Formal urodynamic studies [voiding cystometrogram 
(CMG), video CMG, urethral pressure profile, electromyo- 
graphy and evoked potentials] may be ordered if there 
are abnormalities in USCD. This is a very specific and 
invaluable study in evaluation of the neuropathic bladder. 
It can clearly classify the activity of bladder whether they 
are hyper-reflexic or hyporeflexic and will dictate the 
treatment protocol. 

Radiological studies, e.g. voiding cystourethrography, 
intravenous urography (IVU), computed tomography 
(CT) scan and magnetic resonance imaging (MRI) may 
be performed when necessary. Cystoscopy and other 
urological evaluation may be required in some cases. 


Diagnostic Procedures 
Voiding Diary 


A voiding diary is a daily record of the patient’s bladder 
activity. It is an objective documentation of the patient’s 


voiding pattern, incontinent episodes and inciting events 
associated with urinary incontinence. 


Pad Test 


e ‘This is an objective test that documents the urine loss. 
Intravesical methylene blue test or oral pyridium or 
urised may be used. Methylene blue and urised turns the 
urine color blue; pyridium turns the urine color orange. 

e Patients should resume their usual physical activities 
while wearing a peripad. If the pads turn to orange or 
blue, the patient is experiencing urine loss. If the pads 
remain white, moist, itis most likely normal vaginal fluid. 


Postvoid Residual 


Urine 

e The PVR urine measurement is a part of basic 
evaluation for urinary incontinence. 

e Ifthe PVR is high, the bladder may be contractile or 
the bladder outlet may be obstructed. Both of these 
conditions will cause urinary retention with overflow 
incontinence. 


Uroflow rate 

e Uroflow rate is a useful screening test used mainly to 
evaluate bladder outlet obstruction. Uroflow rate is 
volume of urine voided per unit of time. 

e Lowuroflow rate may reflect urethral obstruction, a weak 
detrusor or a combination of both. This test alone cannot 
distinguish an obstruction from a contractile detrusor. 


Filling cystometrogram 

e A filling CMG assesses the bladder capacity, 
compliance and the presence of phasic contractions 
(detrusor instability). Most commonly, liquid filling 
medium is used. 

e An average adult bladder holds approximately 50-500 
mL of urine. During the test, provocative maneuvers 
help to unveil bladder instability. 


Voiding cystometrogram (pressure flow study) 

e Pressure flow study simultaneously records the voiding 
detrusor pressure and the rate of urinary flow. This is 
the only test that is able to assess bladder contractility 
and the extent of a bladder outlet obstruction. 

e Pressure flow studies can be combined with voiding 
cystogram and videourodynamic study for complicated 
cases of incontinence. 
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Cystogram 

e A static cystogram (anteroposterior and lateral) 
helps to confirm the presence of stress incontinence, 
the degree of urethral motion and the presence of a 
cystocele. Intrinsic sphincter deficiency will be evident 
by an open bladder neck. Presence of a vesicovaginal 
fistula or bladder diverticulum also may be noted. 

e A voiding cystogram can assess bladder neck and 
urethral function (internal and external sphincter) 
during filling and voiding phases. A voiding cystogram 
can identify a urethral diverticulum, urethral obstruction 
and vesicoureteral reflux. 


Electromyography 

e Electromyography helps to ascertain the presence 
of coordinated or uncoordinated voiding. Failure 
of urethral relaxation during bladder contraction 
results in uncoordinated voiding (detrusor sphincter 
dyssynergia). 

e Electromyography allows accurate diagnosis of 
detrusor sphincter dyssynergia common in spinal cord 
injuries. 


Cystoscopy 

e ‘The precise role of cystoscopy in the evaluation of 
neurogenic bladder allows discovery of bladder lesions 
(e.g. bladder cancer, bladder stone) that would remain 
undiagnosed by urodynamics alone. 

e General agreement is that cystoscopy is indicated for 
people complaining of persistent irritative voiding 
symptoms or hematuria. The physician can diagnose 
obvious causes of bladder over activity, such as cystitis, 
stone and tumor easily. This information is important 
in determining the etiology of the incontinence and 
may influence treatment decisions. 


Videourodynamics 

e Videourodynamicsisthecriterionstandardforevaluation 
of a patient with incontinence. Videourodynamics 
combines the radiographic findings of voiding cysto- 
urethrogram and multichannel urodynamics. 

e Videourodynamics enables documentation of lower 
urinary tract anatomy, such as vesicoureteral reflux 
and bladder diverticulum, as well as the functional 
pressure flow relationship between the bladder and 
the urethra. 


Radiological imaging 
Examples are IVU, micturating cystourethrogram, CT, 
MRI, etc. 


Box 70.3: Differential diagnosis of neuropathic bladder 


Differential Diagnosis of Neuropathic Bladder 


The diagnosis of neuropathic bladder is usually obvious 
from the history and physical examination. Neural 
abnormalities may be demonstrated by abnormal sacral 
reflex activity and decreased perineal sensation. Some 
disorders with which neuropathic bladder may be 
confused are cystitis, chronic urethritis, vesical irritation 
secondary to psychic disturbance, myogenic damage, 
interstitial cystitis, cystocele and intravesical obstruction 
(Box 70.3). 


Cystitis 


Nonspecific infection, interstitial cystitis and tuberculous 
cystitis, causes frequency and urgency, even to the point 
of incontinence. Infections secondary to residual urine 
caused by neuropathic behavioral disturbance should also 
be ruled out. Interstitial cystitis is isolated by suprapubic 
pain, inflamed fissuring and hemorrhagic spot in bladder 
mucosa on cystoscopy. 

The urodynamics of the inflamed bladder are similar 
to those of the uninhibited neuropathic bladder. However, 
with inflammation, symptoms disappear after definitive 
antibiotic therapy and the urodynamic behavior reverts 
to normal. If symptoms persist or infections return 
repeatedly, a neuropathic behavioral abnormality should 
be considered (e.g. MS or even idiopathic detrusor 
sphincter dysfunction). 


Chronic Urethritis 


Symptoms of frequency, nocturia and burning on urination 
may be due to chronic inflammation of the urethra. 
Urethrogram or urethroscopy may reveal signs of urethral 
abnormality. The urodynamics will show an irritable 
urethral sphincter zone with labile, spastic tendencies. 


Bladder Irritation Secondary to Psychic Disorder 


Anxious, tense individuals or those with pathologic 
psychological fixation on the perineum may present a long 
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history of periodic bouts of urinary frequency or perineal 
or pelvic pain. The clinical picture and urodynamic 
findings are unremarkable. Often, however if the patient’s 
anxieties can be allayed, the symptoms may subside. 


Intravesical Obstruction 


Intravesical obstruction causes, hypertrophy (i.e. 
trabeculation) of the detrusor muscle and residual urine 
can accumulate. Uninhibited detrusor activity is often 
found at this stage and resembles that of the spastic 
neuropathic bladder. 

If decompensation occurs, the vesical wall becomes 
attenuated and atonic, and its capacity may be markedly 
increased. Overflow incontinence may develop. The 
behavior of the bladder is similar to that of the flaccid 
neuropathic bladder. 

In these cases, the anal sphincter tone is normal and 
the bulbocavernosus reflex is intact. Peripheral sensation, 
voluntary muscle contraction and limb reflexes should 
also be normal. Cystoscopy and urethroscopy reveals the 
local lesion causing obstruction. Once the obstruction is 
relieved, bladder function usually improves. 


COMPLICATIONS OF NEUROPATHIC BLADDER 


The principal complications of the neuropathic bladder 
are recurrent urinary tract infection, hydronephrosis 
secondary to ureteral reflux or obstruction and stone 
formation (Box 70.4). The primary factors contributing 
to these complications are the presence of residual urine, 
sustained high intravesical pressures, and immobilization, 
respectively. 

Incontinence in neuropathic disorders may be passive, 
asin flaccid lesions when outlet resistance is compromised, 
or may be the result of uninhibited detrusor contractions 
as in spastic lesions. 


Infection 


Infection is virtually inevitable with the neuropathic 
bladder state. During the stage of spinal shock that 


Box 70.4: Complications of neuropathic bladder 


follows cord injury, the bladder must be emptied by 
catheterization. Sterile intermittent catheterization is 
recommended at this stage, but for practical purposes 
or for the sake of convenience, a Foley’s catheter is often 
left indwelling. Chronic catheter drainage guarantees 
infection regardless of any preventive measures taken. 
The upper urinary tract is usually protected from 
infection by the integrity of the ureterovesical junction. 
If this becomes incompetent, infected urine will reflux 
up to the kidneys. Decompensation of the ureterovesical 
junction results from the high intravesical pressures 
generated by the spastic bladder. It is most important 
that these cases be treated aggressively with an intensive 
program of self-catheterization and anticholinergic 
medication. The Crede’s maneuver should not be used. 


Complications 


A number of infective complications can result from the 
presence of a chronically indwelling Foley’s catheter. 
These include cystitis and periurethritis resulting from 
mechanical irritation. A periurethral abscess may follow, 
with formation of a fistula via eventual rupture of the 
abscess through the perineal skin. Drainage may also 
take place through the urethra, with the end result being 
a urethral diverticulum. Infection may travel up into the 
prostatic ducts (prostatitis) or seminal vesicles (seminal 
vesiculitis) and along the vas (funiculitis) into the 
epididymis (epididymitis). 

Treatment of pyelonephritis: Episodic renal infection 
should be treated aggressively with appropriate antibiotics 
to prevent renal loss. The source and cause of infection 
should be eliminated if possible. 

Treatment of epididymitis: This condition is a 
complication of either dyssynergic voiding or an indwelling 
catheter. Treatment consists of appropriate antibiotics, bed 
rest and scrotal elevation. The indwelling catheter should be 
removed or replaced with a suprapubic catheter. Preferred 
long-term management is to place the patient on an 
intermittent self-catheterization program. Rarely, ligation 
of the vas is required. 


Hydronephrosis 


Two mechanisms lead to back pressure on the kidney. 
Early, the effect of trigonal stretch secondary to residual 
urine and detrusor hypertonicity leads to trigonal 
hypertrophy. The combination causes abnormal pull on 
the ureterovesical junction, with increased resistance to 
the passage of urine. A “functional” obstruction results, 
which leads to progressive ureteral dilatation and back 
pressure on the kidney leading to hydronephrosis which 
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ultimately ends up with chronic renal failure. At this stage, 
this condition can be relieved by continuous catheter 
drainage or by combined intermittent catheter drainage 
and use of anticholinergics. 

A delayed consequence of trigonal hypertrophy and 
detrusor spasticity is reflux due to decompensation of 
the ureterovesical junction. The causative factor appears 
to be a combination of high intravesical pressure and 
trabeculation of the bladder wall. The increased stiffness of 
the ureterovesical junction weakens its valve-like function, 
slowly eroding its ability to prevent reflux of urine during 
forceful bladder contractions. 

When ureteral reflux is detected by cystography, 
previous methods of bladder care must be radically 
adjusted. An indwelling catheter may manage the 
problem temporarily. However, if the reflux persists after 
a reasonable period of drainage, antireflux surgery must 
be considered. In addition, measures to reduce high 
intravesical pressure are needed (bladder augmentation, 
sacral rhizotomy, transurethral resection of the bladder 
outlet, or sphincterotomy). Progressive hydronephrosis 
may require nephrostomy. Urinary diversion is a last 
resort, which may be avoided if the patient is followed up 
regularly. 


Stone Formation 


A number of factors contribute to stone formation in 
the bladder and kidneys. Bed rest and inactivity cause 
demineralization of the skeleton, mobilization of calcium 
and subsequent hypercalciuria. Recumbence and 
inadequate fluid intake both contribute to urinary stasis, 
possibly with increased concentration of urinary calcium. 
Catheterization of the neurogenic bladder may introduce 
bacteria. Subsequent infection is usually due to a urea 
splitting organism, which causes the urine to become 
alkaline, with reduced solubility of calcium and phosphate. 


Bladder Stones 


Since these stones are usually soft, they can be crushed and 
will wash out through a cystoscope sheath. Occasionally, 
they are large and need to be removed via a suprapubic 
cystostomy. 


Ureteral Stones 


Virtually all ureteral stones can now be removed 
by antegrade or retrograde retrieval methods or by 
extracorporeal shock wave lithotripsy (ESWL). 


Renal Stones 


Ina patient with neurogenic bladder, kidney stones generally 
are the result of infection; if the infection is untreated, the 
stones become the source of persistent renal infection and 
eventual renal loss. Most of the stones in the renal pelvis can 
be removed by either a percutaneous endoscopic procedure 
or ESWL. Occasionally, a large staghorn stone may require 
open surgery. 


Renal Amyloidosis 


Secondary amyloidosis of the kidney is a common cause 
of death in patients with neuropathic bladder. It is a result 
of chronic debilitation in patients with difficult decubitus 
ulcers and poorly controlled infection. Fortunately, due to 
better medical care, this is an uncommon finding today. 


Sexual Dysfunction 


Men who have suffered traumatic cord or cauda equina 
lesions experience varying degrees of sexual dysfunction. 
Patients with upper motor lesions fare well, with the 
majority having some reflexogenic erectile capability. 
Dangerous elevations in blood pressure can occur with 
erections in patients with high thoracic or cervical 
lesions. Problems of quality of erection or premature 
detumescence are found with all levels of injury. Patients 
with lower motor lesions are, as arule, impotent, unless the 
lesion is incomplete. There is a high degree of variability in 
the sexual capabilities of patients with all levels of spinal 
injury. Fortunately, sexual function can be restored to 
most patients by oral medications, a vacuum erection 
device, intracavernous injection or a penile prosthesis. 

Often, patients with spinal injury lose the ability to 
ejaculate even with preservation of functional erections. 
This is a result of lost coordination between reflexes 
normally synchronized through higher center regulation. 
Patients may have the capability to ejaculate after an 
erection but are either unable to trigger this sexual event 
or are unable to trigger it in proper sequence. Techniques 
using electrical stimulation are now being developed to 
accomplish semen collection in patients with “functional 
infertility.” 


Autonomic Dysreflexia 


Autonomic dysreflexia is sympathetically mediated reflex 
behavior triggered by sacral afferent feedback to the spinal 
cord. The phenomenon is seen in patients with cord 
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lesions above the sympathetic outflow from the cord. As 
a rule, it occurs in rather spastic lesions above T1 but on 
occasions, it occurs in lesions of mild spasticity or those 
as low as T5. Symptoms include dramatic elevations in 
systolic or diastolic blood pressure (or both), increased 
pulse pressure, sweating, bradycardia, headache and 
piloerection. Symptoms are brought on by overdistention 
of the bladder. Immediate catheterization is indicated and 
usually brings about prompt lowering of blood pressure. 
Oral nifedipine (20 mg) has been shown to alleviate this 
syndrome when given 30 minutes before cystoscopy 
(Dykstra, Sidi and Anderson, 1987) or electroejaculation 
(Steinberger et al. 1990). The acute hemodynamic effect 
can be managed with a parenteral ganglionic blocking 
agent or alpha-adrenergic blockers (Barrett and Wein, 
1987). Sphincterotomy and peripheral rhizotomy have 
been used by some to prevent recurring autonomic 
dysreflexia. 


PRINCIPLE OF TREATMENT OF 
NEUROPATHIC BLADDER 


The goal of treatment of neuropathic bladder is to restore 
the normal capacity of bladder and a low pressure activity 
of the detrusor muscle. The renal function should be 
preserved, the continence should be restored and urinary 
infections are prevented or more readily controlled. The 
ultimate goal is to improve the quality of life and to keep 
this bladder function and renal function near to normal. 
The treatment of the neuropathic bladder depends on 
several factors, e.g. the type of neuropathic bladder, current 
renal function, presence or absence of urosepsis, general 
condition, the existing disease which may be the cause of 


condition of neuropathic bladder, etc. The management 
of individual type of neuropathic bladder is described in 
Chapter 72 of Section 8. 


PROGNOSIS 


The greater threat to the patient with a neuropathic 
bladder is progressive renal damage (pyelonephritis, 
stone formation and hydronephrosis). Advances in the 
management of the neuropathic bladder, together with 
better follow-up of patients at regular intervals, have 
substantially improved the outlook for long-term survival. 
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PRELUDE 


The overactive bladder (OAB) is one that contracts 
involuntarily. Involuntary detrusor contractions may be 
asymptomatic and of no clinical significance, or they may 
cause the symptoms ofurinary frequency, urgencyand urge 
incontinence. When involuntary detrusor contractions 
are due to neurologic disorder, the condition is called 
detrusor hyper-reflexia. In the absence of a demonstrable 
neurologic etiology, itis called detrusor instability. In most 
patients, detrusor instability has no discernible underlying 
cause and is described as idiopathic or primary, although 
many investigators believe this to be related to deficiency 
of a nonadrenergic/noncholinergic neuromodulators. 


Farakh Khan 


DEFINITION 


According to the International Continence Society, OAB 
is characterized as urinary urgency, with or without urge 
incontinence, usually with frequency and nocturia, in the 
absence of causative infection or pathological conditions. 


PATHOPHYSIOLOGY 


Anormalbladder operates through acomplexcoordination 
of musculoskeletal, neurologic and psychological 
functions that allow filling and voiding of the bladder 
contents. The prime effector of continence is the synergic 
relaxation of detrusor muscles and contraction of bladder 
neck and pelvic floor muscles. 

In bladder filling, sympathetic nerve fibers that 
originate from the Th11 to L2 segments of the spinal cord, 
which innervate smooth-muscle fibers around the bladder 
neck and proximal urethra, cause these fibers to contract, 
allowing the bladder to fill. As the bladder fills, sensory 
stretch receptors in the bladder wall trigger a central 
nervous system (CNS) response. The parasympathetic 
nervous system (PNS) causes contraction of the detrusor, 
while the muscles of the pelvic floor and external sphincter 
relax. The PNS fibers, as well as those responsible for 


Overactive Bladder 


somatic (voluntary) control of micturition (urination), 
originate from the S2 to S4 segment of the spinal cord in 
the sacral plexus. The somatic fibers innervate the external 
sphincter and are responsible for the voluntary control of 
continence in the face of a pressing desire to void.™* 

The normal adult bladder accommodates 300-600 
mL of urine; a CNS response is usually triggered when 
the volume reaches 400 mL. However, urination can 
be prevented by cortical suppression of the PNS or by 
voluntary contraction of the external sphincter. 

Any disruption in the integration of musculoskeletal 
and neurologic responses can lead to loss of control of 
normal bladder function and to urge incontinence. In 
addition, physiologic changes associated with aging, such 
as decreased bladder capacity and changes in muscle 
tone, favor the development of OAB when precipitating 
factors intervene. In postmenopausal women, many of 
these changes are related to estrogen deficiency. Perhaps 
the most important age-related change in bladder 
function that leads to incontinence is the increased 
number of involuntary bladder contractions (detrusor 
instability).>° 


History 


e Physical examination 

e Blood chemistry 

e Urinalysis, urine culture and/or urine cytology 

e Ultrasound cystodynamogram: Uroflowmetry 
and postvoid residual volume assessment with 
ultrasonography poor uroflowmetry and postvoid 
residual volume more than 200 mL suggests impaired 
bladder contractility or a mechanical obstruction and 
indicates more complex urodynamic evaluation. 

e Cystometry—this is a simple method for testing the 
bladder’s storage function and provides information 
on bladder capacity, the extent of accommodation or 
compliance, the ability to sense bladder filling and 
temperatures and the presence of an appropriate 
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detrusor muscle contraction. Cystometry can also be 
used to measure postvoid residual urine. 

e Urodynamics: This is used to measure bladder 
pressure during micturition. Intravesical pressure is a 
combination of the intra-abdominal pressure and the 
detrusor pressure. To determine the detrusor pressure, 
the intra-abdominal pressure is measured with a rectal 
catheter; this pressure is subtracted from the total 
intravesical pressure (measured with the bladder 
catheter). The urine flow rates are assessed based on 
the detrusor pressure and urethral resistance. 


MANAGEMENT 


There are many facets of management of the OAB, but 
overall they incorporate a reduction in detrusor activity 
and regular bladder emptying. The main categories 
of management are fluid optimization, behavioral 
pharmacotherapy, electrical stimulation and surgical 
methods. Management should proceed in a stepwise 
fashion commencing with conservative therapies. 


Fluid or Water Optimization 


Fluid intake optimization is one of the simplest forms 
of treatment of OAB in many patients. In many areas, 
the doctors advise their patients to drink plenty of water 
to keep their kidney healthy, to keep away from stone 
diseases, etc. People follow the instructions with keen 
interest. While doing it, some of these patients grow a new 
set of symptoms. The symptoms may include frequency, 
urgency, nocturia dyspepsia, nausea and vomiting, and 
leg edema in desperate cases. These symptoms are due 
to increased load of the fluid. This excess water load 
becomes a big problem for the patients with lower urinary 
tract symptoms, benign prostatic hyperplasia, OAB, aging 
people and business executives. It was seen that the 
patients are drinking water 10, 20 and even 30 liters a day, 
and bearing the effect of water intoxication. Their thirst 
mechanism at this stage is altered. 

Cutting down the fluid intake is the best choice to 
relive the symptoms, but it is best carried out slowly, as 
some patients, who develop dependence or addiction 
to water, may feel very uncomfortable. In practice, fluid 
optimization, life style adjustment and an anticholinergic 
drug is all that is required for most of the cases of OAB. 
Advanced treatment is kept for the refractory cases. 


Pelvic Muscle Rehabilitation 


e Vaginal weight training—small weights are held within 
the vagina by tightening the vaginal muscles. Vaginal 


weight training should be performed for 15 minutes, 
twice daily, for 4-6 weeks. 

e Pelvic floor electrical stimulation—this involves mild 
electrical pulses that stimulate muscle contractions. 
Pelvic floor electrical stimulation should be performed 

in conjunction with Kegel exercises. Electrical stimulation 

involves a low-voltage electric current to stimulate the 
correct group of muscles. The current may be delivered 
using an anal or vaginal probe. The electrical stimulation 

therapy may be performed at the clinic or at home. A 

treatment session usually last 20 minutes and may be 

performed every 1-4 days. Some clinical studies have 
shown promising results in treating urge incontinence 
with electrical stimulation. 


Objectives of Behavioral Therapies 


e Behavioral therapies are used to help the patient regain 
control of the bladder. 

e Bladder training teaches patient to resist the urge to 
void and to gradually expand the intervals between 
voiding. 

e ‘The management of urge incontinence usually begins 
with a program of bladder retraining. Occasionally, 
electrical stimulation and biofeedback therapy is used 
in conjunction with bladder retraining. 

e Aprogramofbladderretraininginvolvesbecoming aware 
of patterns of incontinence episodes and relearning 
skills necessary for storage and proper emptying of the 
bladder. Bladder retraining alone is successful in 75% of 
patients treated for urge incontinence. 

e Bladder retraining involves developing a schedule of 
when the patient should try to urinate; the patient should 
then try to consciously delay urination between these 
times. One method is to urinate at definite intervals (e.g. 
30 min); then, as the patient becomes skilled at waiting, 
the time intervals are gradually increased by half an 
hour until the individual is urinating every 3-4 hours. 

e As the desired level of bladder control may take months 
to achieve, the patient needs to be highly motivated. 
Furthermore, bladder training may be effective in the 
short-term, but due to the extensive effort required, its 
efficacy may reduce over the long-term. 

e Toileting assistance involves routine or scheduled 
toileting, habit-training schedules and prompted voiding 
to empty the bladder regularly to prevent leaking. 


Kegel Exercises 


e Regular daily exercising of pelvic muscles can improve, 
and even prevent, urinary incontinence. This is 
particularly helpful in younger women. Kegel exercises 
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should be performed 30-80 times daily for at least 8 
weeks. 

e ‘The principle behind Kegel exercises is to strengthen 
the muscles of the pelvic floor, thereby improving 
function of the urethral sphincter. The success of Kegel 
exercises depends on proper technique and adherence 
to a regular exercise program. 

e Another approach is to use vaginal cones to strengthen 
the muscles of the pelvic floor. A vaginal cone is a 
weighted device that is inserted into the vagina. The 
woman contracts the pelvic floor muscles in an effort 
to hold the device the place. The contraction should 
be held for up to 15 minutes and should be performed 
twice daily. Within 4-6 weeks, symptoms improve in 
about 70% of women who try this method. 

e ‘These exercises have limited value in elderly patients 
and in patients with poor mobility. 


Pharmacotherapy 


Behavioral modification and pharmacotherapy succeed 
in improving symptoms to tolerable level that interferes 
minimally with lifestyle in about 80% of cases. 


Oxybutynin and Tolterodine 


The most prevalent drug treatments for OAB are 
uroselective anticholinergic agents, e.g. oxybutynin HCl 
aimed to inhibit the efferent parasympathetic innervation 
to the detrusor. Several systemic side effects are associated 
with anticholinergics including dry mouth, dry eyes 
and constipation. These adverse reactions often lead to 
poor patient compliance and in some cases, permanent 
discontinuation of treatment. In response to these, 
two new anticholinergic drugs have been marketed: 
tolterodine and sustained release oxybutynin.”” 


Intravesical Oxybutynin 


Intravesical oxybutynin exerts better therapeutic results 
than oral administration and the clinical effect sustain 
for a longer time. A long-term intravesical drug delivery 
system has been introduced. 


Solifenacin 


Solifenacin is a urinary antispasmodic agent licensed 
for the treatment of incontinence, and increased urinary 
frequency and urgency. In clinical trials, solifenacin 
produced a modest improvement in the symptoms 
of OAB. The most common reported adverse reaction 
was dry mouth. There are no published clinical trials 


comparing it to oxybutynin, which has a greater evidence 
base and remains the treatment of choice for patients with 
an unstable bladder. 

Solifenacin is a competitive muscarinic acetylcholine 
receptor antagonist. The binding of acetylcholine to these 
receptors, particularly the M, receptor subtype, plays 
a critical role in the contraction of smooth muscle. By 
preventing the binding of acetylcholine to these receptors, 
solifenacin reduces smooth muscle tone in the bladder, 
allowing the bladder to retain larger volumes of urine 
and reducing the number of micturition, urgency and 
incontinence episodes. Due to long elimination half-life, 
a once-a-day dose can offer 24-hour control of the urinary 
bladder smooth muscle tone.’”"° 


Contraindications: Solifenacin should not be taken by 
people with a history of previous hypersensitivity to it, 
urinary retention, gastric retention, uncontrolled or poorly 
controlled closed-angle glaucoma, or severe liver disease 
(Child-Pugh class C). It is also contraindicated in long QT 
syndrome, as solifenacin, like tolterodine and darifenacin, 
binds to human ether-a-go-go related gene (HERG) 
channels and may prolong the QT interval. 


Interactions: Solifenacin is metabolized in the liver by the 
cytochrome P450 enzyme CYP3A4. When administered 
concomitantly with drugs that inhibit CYP3A4, such as 
ketoconazole, the metabolism of solifenacin is impaired, 
leading to an increase in its concentration in the body 
and a reduction in its excretion. The manufacturer 
recommends that the dosage of solifenacin not exceed 5 
mg per day ifit is taken with a potent CYP3A4 inhibitor. As 
stated above, solifenacin may also prolong the QT interval. 
Therefore, it should not be administered concomitantly 
with drugs which also have this effect such as moxifloxacin 
or pimozide. 


Side effects: The most common side effects of solifenacin 
are dry mouth, blurred vision and constipation. As all 
anticholinergics, solifenacin may rarely cause heat 
prostration due to decreased perspiration. 


Darifenacin 
Darifenacin is an extended-release tablet which 
contains 7.5 mg or 15 mg darifenacin as its 


hydrobromide salt. The active moiety, darifenacin, is 
a potent muscarinic receptor antagonist. Chemically, 
darifenacin hydrobromide is (S)-2-{1-[2-(2,3- 
dihydrobenzofuran-5-yl)ethyl]-3-pyrrolidinyl}-2, 
2-diphenylacetamide hydrobromide. The empirical 
formula of darifenacin hydrobromide is C,,H,,N,O,.HBr. 
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The recommended starting dose of darifenacin 
extended-release tablets is 7.5 mg once daily. Based upon 
individual response, the dose may be increased to 15 
mg once daily, as early as 2 weeks after starting therapy. 
Darifenacin extended release tablets should be taken 
once daily along with any liquid. They may be taken with 
or without food, and should be swallowed whole and not 
chewed, divided or crushed. 

Darifenacin extended-release tablets are 
contraindicated in patients with urinary retention, gastric 
retention or uncontrolled narrow-angle glaucoma and in 
patients who are at risk for these conditions. Darifenacin 
extended-release tablets are also contraindicated in 
patients with known hypersensitivity to the drug or its 
ingredients.'3"° 


Capsaicin (Extract of Red Chili) 


Capsaicin, an extract of red chili, has been found to be 
effective to inhibit the unwanted detrusor contraction. 
Chili pepper extract has a specific mechanism of action 
that offers a therapeutic potential in OAB. Capsaicin and 
its ultrapotent analog resiniferatoxin (RTX) are highly 
selective on vanilloid receptor of C fibers. Intravesical 
capsaicin opens the vanilloid receptor and causes 
depolarization of C fiber and release substances such as 
P and CGRP. When they are applied intravesically, due 
to their long-term application, ultimately deplete the 
reservoir of substance P from C fibers. Single intravesical 
application of capsaicin for 30 minutes may desensitize 
the nerves that relieve the spasm and pain for up to 3 
months without any systemic side effects. 


Side Effects of Anticholinergic Drugs 


e Dry mouths 
e Dry eyes 
e Constipation 
e Poor patient compliance. 

This agent is 1,000 times more potent than capsaicin 
and works similar to it. The drug is currently under trial 
and not available for clinical use. 


Botulinum Toxin 


Recent resurgence of bladder injections with botulinum 
toxin (Botox) seems to provide a viable therapy option to 
patients with OAB who either did not benefit from medical 
treatment or who could not tolerate their side effects. 
The Botox is injected into the wall of the bladder during 
cystoscopy. This 10-15 minutes’ office procedure (Fig. 
71.1) requires only local anesthesia and it is proven to 


Fig. 71.1: Botulinum toxin injection in bladder through 
cystoscope is in progress 


be safe with rare and minimal side effects. The American 
experience is beginning to evolve and from the European 
reports it seems that the injections will need to be repeated 
twice a year.! 518 


Surgical Methods 


For OAB of any etiology, all possible conservative methods 
of treatment should be tried first before consideration of 
surgical treatment. Of the many forms of surgical treatment 
of detrusor instability tried over the years, most have been 
less than satisfactory in controlling symptoms (Box 71.1). 


Bladder Distention 


Bladder distention has been shown to cause degeneration 
of unmyelinated nerve fibers in the bladder wall, which 
may result in reduced bladder sensory and motor function. 
Even though this procedure is simple, there are few long- 
term successes. 


Peripheral Denervation 


Peripheral denervation procedures have been directed 
toward dividing the sacral nerves in an attempt to inhibit 
the micturition reflex. Despite encouraging results of early 


Box 71.1: Surgical options for overactive bladder 
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Sagittal 
incision 


Bladder 


Segment of bowel 


Fig. 71.2: Bladder augmentation 


studies, more recent reports have failed to replicate these 
results and the procedures have fallen into disrepute.'* 


Clam lleocystoplasty 


One of the most effective and commonly performed 
procedures is the “Clam” augmentation enterocystoplasty. 
Enterocystoplasty involves the procedure of patching the 
bladder with a segment of gut in order to increase the 
bladder capacity and to reduce the intravesical pressure 
(Fig. 71.2). In this surgical procedure, the bladder is 
incised in the coronal plane up to ureteric orifice level and 
at this stage the bladder is opened like a book. 

A segment of bowel preferably a vascularized segment 
of ileum is patched over the defect to create a much larger 
capacity and a low-pressure bladder. Please note that if the 
bladder is not incised up to ureteric orifice the bladder may 
continue to generate a high intravesical pressure. On the 
other hand, when the bladder is divided into nearly two 
halves by incising up to ureteric orifices the bladder cannot 
any more workas a single unit and the intravesical pressure 
is become significantly low because of the increase of its 
capacity achieved by a compliant low pressure segment 
if intestine. Colonic segment produces a higher pressure 
than ileum and as such vascularized segment of ileum is 
preferred for “Clam” augmentation enterocystoplasty. 

The treatment is extremely effective for the most 
severe cases of OAB where there is a high intravesical 
pressure proven at urodynamic study not responding to 
the conservative therapy. Unfortunately, augmentation 
cystoplasty is not without morbidity. It may include 
occasional voiding difficulties that require intermittent 
catheterization, reabsorption of some urinary constituents 
and concern about malignancy in the long-term. 


Autoaugmentation of the Bladder 


Autoaugmentation of the bladder is an alternative 
procedure to increase the bladder capacity and to reduce 
the intravesical pressure. In this procedure, the detrusor 
muscle over the entire dome of the bladder is removed, 
allowing the underlying epithelium to bulge and function 
as a large diverticulum to enhance the storage capacity of 
the bladder. The early results have been encouraging. This 
procedure may be carried out currently with laparoscopic 
or robotic technique. 


Neuromodulation or Bladder Pacemaker 


During the last decade, sacral neuromodulation offers 
a new therapeutic tool in the field of OAB (Figs 71.3A 
and B). It bridges the gap between conservative treatment 
and highly invasive treatment options. Clinical values of 
sacral neuromodulation were disputed but currently it 
has been accepted as an effective procedure for patient 
refractory to medical therapies.» 


Sacral neuromodulation principally involves three stages: 

1. Percutaneous location of sacral spinal nerves with a 
needle electrode. 

2. Percutaneous test stimulation with wire electrode for 

4 days. 

3. Implantation of stimulation system. 

Limitations of the procedures are surgical trauma, 
sophisticated technique and high cost. 

It becomes possible to construct gene that can do the 
neuromodulation by controling the neurotransmitter and 
can be conducted by a vector like Herpes simplex virus 
(HSV). Understandably, the same treatment can bring 
success in the treatment of erectile dysfunction. 
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Figs 71.3A and B: (A) Principles of sacral neuromodulation; (B) Sacral neuromodulator in place 


Urinary diversion is usually considered as the last 


option in patients who are not good candidates for 
reconstruction of the lower urinary tract. 
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PRELUDE 


Jahangir Kabir 


Spastic type of neuropathic bladder is the most potentially 
dangerous type of neurourological problem. If left 
untreated, the victim used to develop various urological 
complications leading to renal failure. These patients need 
prompt management in order to prevent complications 
and can give them back to near-to-normal life. 


PATHOPHYSIOLOGY 


Lesions, above the level of the sacral micturition center 
(S2, S3 and S4); result in either hyper-reflexic bladder 
or spastic bladder. Sacral reflex arcs remain intact, but 
loss of inhibition from higher centers results in spastic 
bladder and sphincter. The degree of spasticity varies 
between the bladder and sphincter, from lesion to lesion, 
and from patient to patient with similar lesions. Common 
lesions found above the brain stem that affect voiding 
include dementia, vascular accidents, multiple sclerosis, 
tumors and inflammatory disorders such as encephalitis 
or meningitis. These lesions can produce a wide range of 
functional changes, including urgency, frequency, urge 
incontinence, nocturia, residual urine, retention of urine, 
recurrent urinary tract infections, stone formation and 
incontinence (Box 72.1). Symptoms range from mild to 
disabling. 


Box 72.1: Functional changes in suprasacral lesion 


Spastic Type of 


Neuropathic Bladder 


Box 72.2: Causes of hyper-reflexic (spastic) bladder 


Causes of Hyper-Reflexic (Spastic) Bladder 


Various causes of hyper-reflexic (spastic) bladder are 
described in Box 72.2. 

Incontinence is especially troublesome. If the lesion is 
above the pontine micturition center, the detrusor become 
more stable and the bladder filling occurs almost with a 
normal intravesical pressure. The sphincter is also found 
to be coordinated but the voluntary control is lost and as 
such detrusor-striated sphincter dyssynergia usually does 
not occur. 

Lesions of the internal capsule include cerebrovascular 
accidents and Parkinson’s disease; both spastic and 
semiflaccid voiding disorders are found with these lesions. 

Spinal cord injury can be due to trauma, herniated 
intervertebral disk, vascular lesions, multiple sclerosis, 
tumor, syringomyelia, or myelitis. Traumatic spinal 
cord lesions are of greatest clinical concern. Partial or 
complete injuries may cause equally severe genitourinary 
dysfunction. 

Detrusor sphincter dyssynergia (DSD) is a condition 
where the bladder and sphincter is overactive and 
contracts uncoordinatedly due to uninhibited impulses 
from micturition center. Detrusor sphincter dyssynergia 


Chapter 72 Spastic Type of Neuropathic Bladder 


can lead to detrusor hypertrophy, high voiding pressures, 
ureteral reflux. 

Disease and injury of the spinal cord and brain are the 
principle cause of the spastic bladder reflux or ureteral 
obstruction (Fig. 72.1). With time, renal function may 
become compromised. If infection is combined with 
back pressure on the kidney, loss of renal function can be 
particularly rapid (Box 72.3). 

Spinal cord injuries at the cervical level are often 
associated with a condition known as autonomic 
dysreflexia (Figs 72.2A to C). When the lesions occur 
above the sympathetic outflow, hypertensive blood 
pressure fluctuations, bradycardia and sweating can be 


Fig. 72.1: Computed tomography scan of victim of a traffic 
accident showing complete transection of spinal cord (arrow) 
following the fracture distraction injury of the thoracic spine 


triggered by insertion of a catheter, mild overdistention of 
the bladder with filling, or dyssynergic voiding. 


CLINICAL PRESENTATION 
Symptoms 


The severity of symptoms depends on the site and extent 
of the lesion as well as the length of time from injury. 
Symptoms include involuntary urination, which is often 
frequent and triggered by spasms in the lower extremities. 
A true sensation of fullness is lacking, although vague 
lower abdominal sensations due to stretch of the overlying 
peritoneum may be felt. The major neurologic symptoms 
are those of spastic paralysis and objective sensory deficits. 


Signs 


Acomplete neurologic examination is most important. The 
sensory level of the injury or disease needs to be established, 
followed by the assessment of the anal, bulbocavernosal, 
knee, ankle and toe reflexes. These reflexes vary in degree 
of hyper-reflexia on a scale of 1-4. Levator muscle tone 


Box 72.3: Characteristics of spastic bladder 


Figs 72.2A to C: Cervical spinal fracture leads to quadriplegia 
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and anal tone should be gauged. Bladder may be palpable 
due to retention of urine. Ultrasound can be a useful, rapid 
means of determining detrusor capacity and residual 
volume. Voiding often can be triggered by stimulation of 
the skin of the abdomen, thigh, or genitalia, often with 
spasm of the lower extremities (Box 72.4). 

With high thoracic and cervical lesions, distention of 
the bladder (due to a blocked catheter or during cystometry 
or cystoscopy) can trigger a series of responses including 
hypertension, bradycardia, headache, piloerection and 
sweating. This phenomenon is known as autonomic 
dysreflexia (Box 72.5). It is triggered by pelvic autonomic 
afferent activity (overdistention of bowel or bladder, 
erection) and somatic afferent activity (ejaculation, spasm 
oflow extremities, insertion of catheter and dilatation ofthe 
external urethral sphincter). The headache can be severe 
and the hypertension may be life threatening. Treatment 
must be immediate. Inserting a catheter and continued 
drainage usually quickly reverses the dysreflexia. 


INVESTIGATIONS 


e Laboratory test: Renal function test, urine culture 

e Imaging: Ultrasound scan of kidney and bladder, 
urogram with micturating cystourethrogram, MRI/CT 
when needed 

e Urodynamic test: Full urodynamic test is needed 

e Cystoscopy. 


Urodynamic Study 


Urodynamic study is the most important diagnostic work- 
up in neuropathic bladder. It measures detrusor activity 
during filling and voiding by recording the detrusor 
pressure, recording the urethral pressure profile, sphincter 
electromyography (EMG) and uroflowmetry. 


Box 72.4: Fate of untreated hyper-reflexic bladder 


Box 72.5: Autonomic dysreflexia 


High intravesical pressure, low capacity, high urethral 
closing pressure and increased activity in the urethral 
sphincter are indicative of detrusor hyper-reflexia. A 
low detrusor pressure, large capacity bladder with high 
residual volume and normal or low urethral pressure 
profile and normal or low activity in sphincter EMG is 
indicative of detrusor hyporeflexia or areflexia. 

A small number of cases of intravesical obstruction 
may be presented with features of bladder instability which 
may be confidently detected by urodynamic study. This 
type of bladder dysfunction is secondary to obstruction 
and usually normal bladder function returns after the 
relief of obstruction. 

Ambulatory urodynamics may be needed in some 
difficult cases. This investigation involves continuous 
monitoring of bladder pressure changes during the normal 
daily activity. The test is completed by a portable computer 
which is carried by the patient during the whole day. The 
computer records the bladder activity during the daily 
normal activities of the patients. Ambulatory urodynamics 
gives a more physiological data for analysis but this is too 
expensive. 


Laboratory Studies 


Urinary tract infection is common during the recovery 
phase of spinal shock. This is due to either catheter or 
residual urine. Urinary stasis, prolonged immobilization, 
and urinary tract infections predispose to stone 
formation. Renal function may be normal or impaired, 
depending on the efficacy of treatment and the absence of 
complications (hydronephrosis, pyelonephritis and stone 
formation). Red cells in the urine may reflect a number of 
abnormalities. Uremia will result, if complications are not 
addressed appropriately and the patient is not checked 
at regular intervals. In this era of medicine and with this 
group of patients, renal failure should not occur. 


Imaging 


Periodic ultrasound scan of urinary system, excretory 
urograms and micturating cystogram are essential because 
complications are common. A trabeculated bladder 
of small capacity is typical of this type of neuropathic 
dysfunction. The bladder neck may be dilated. The 
kidneys may show evidence of pyelonephritic scarring, 
hydronephrosis or stone disease. The ureters may be 
dilated from obstruction or reflux. A voiding film often 
clearly outlines a narrowed zone created by the spastic 
sphincter but may also identify a strictured segment of the 
urethra. Most, if not all, of these features can be detected 
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with ultrasound. Magnetic resonance imaging (MRI) is 
especially useful for the sagittal view as it offers the bladder 
neck and posterior urethral zones. 


Instrumental Examination 


Cystoscopy may help to assess the integrity of the urethra 
and to identify stricture sites. The bladder shows variable 
degrees of trabeculation, occasionally with diverticula. 
Bladder capacity, stones, competency of the ureteral 
orifices, changes secondary to chronic infection or 
indwelling catheters, and the integrity of the bladder neck 
and external urethral sphincter can be assessed. 


MANAGEMENT 


Patient with Reasonable Bladder Capacity 


If the functional bladder capacity is more than 300 mL 
and the intravesical pressure is high, the patient may be 
given an anticholinergic, e.g. oxybutynin or tolterodine, to 
suppress the bladder activity and to reduce the intravesical 
pressure in order to promote the drainage from upper 
tract. The patient should be periodically reviewed with 
renal function test, ultrasound of urinary tract, estimation 
of residual volume and urine culture. 

Intravesical capsaicin is another therapeutic option to 
suppress the uncoordinated bladder activity but yet to be 
available for clinical use. 


Hyper-reflexic Bladder with Reduced Capacity 


Uninhibited bladder from suprasacral lesion of spinal 
cord leads to marked hypertrophy of bladder wall leading 
to reduced cystometric capacity and high intravesical 
pressure. Bladder lostits coordinated activity and contracts 
inappropriately even on closed urethral sphincter 
(detrusor sphincter dyssynergia). Bladder become 
irritable and even a small volume accumulation leads to 
strong detrusor contraction and causes incontinence and 
vesicoureteric reflux in some cases (Box 72.4). 

Treatment of such condition is aimed to create a low 
intravesical pressure and high capacity bladder. Once 
the cystometric capacity is already very low usually the 
anticholinergic treatment is ineffective. Neurostimulator 
for the sacral root is not effective to achieve the objective of 
the treatment in different cases, more over is not available 
in most centers and too expensive (Box 72.6). 

The most reliable and effective means to achieve a 
high capacity and low pressure bladder is to augment the 
bladder with ilium or a piece of colon which will prevent 


Box 72.6: Management of spastic neuropathic bladder 


incontinence, renal failure, vesicoureteral reflux (VUR), 
stone formation. 


Augmentation Cystoplasty 


Clam ileocystoplasty: About 15-20 cm of segment of ilium 
is patched over the bladder to reduce the intravesical 
pressure and to increase the capacity of the bladder 
(Fig. 72.3). This procedure is the most effective to control the 
incontinence in most hyper-reflexic bladder and to prevent 
upper tract deterioration. Construction of the neo bladder 
through duplication and reduplication of the detubularized 
segment of small bowel is shown in Figure 72.4. 


Autoaugmentation Cystoplasty 


This is a technique involving the division of detrusor 
muscle keeping the mucosa intact; thereby the mucosa 
of bladder expands, and a low pressure and increased 
capacity bladder is achieved. 


Substitution Cystoplasty 


When the bladder capacity becomes too small and 
almost useless, substitution cystoplasty may be indicated. 


Clam augmentation cystoplasty 
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Urethral stents may be implanted to treat external 
sphincter dyssynergia to overcome the spasm of the 
external sphincter. This spasm of external sphincter 
may cause difficulties in doing clean intermittent self 
catheterization (CISC). After stenting of external sphincter, 
the patient remains continent on internal sphincter. 
External sphincterotomy may be performed by endoscopic 
resection of the external sphincter. Complications of 
external sphincterotomy include hemorrhage, stricture 
and impotence. Figure 72.5 illustrates a sketch showing 
the completed cystoplasty. 


Fig. 72.4: Construction of the neobladder through duplication 
and reduplication of the detubularized segment of small bowel 


Anticholinergic Drugs 


Most effective drug to control bladder instability is 
oxybutynin 2.5-5 mg BID/TID or propantheline bromide 
(pro-banthine) 15 mg, 30 minutes before meal and 30 mg 
at bed time. Intravesical oxybutynin is superior to oral 
therapy. Intravesical capsaicin shows promising result 
on short-term clinical trials. Tolterodine (detrusitol) 
is another drug, recently introduced and found highly 
effective. Intravesical capsaicin opens a new era for the 
treatment of overactive bladder. Single installation may 
provide a relief for several months (Box 72.6). 


Botulinum Toxin (Botox) 


Currently intravesical injections of botulinum toxin have 
gained a significant attention and confidence among the 
urologists. A dose of 100 units is diluted in 20 mL saline 
and injected in the 20 different places of bladder through 
cystoscope. 


Neurostimulation 


Patients are evaluated for neurostimulation (placement of 
bladder pacemaker) primarily by urodynamic monitoring 
of bladder and sphincter responses to trial stimulation of 
the various sacral nerve roots. 

Selective blocks are then prepared to the right and 
left pudendal nerves. If voiding is produced, patients 
are considered suitable for a neuroprosthesis. Other 


Fig. 72.5: Sketch showing the completed cystoplasty 


Fig. 72.6: 


Bladder pacemaker 
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factors such as detrusor storage capability, sphincter 
competence, age, kidney function and overall 
neurologic and psychologic status are also taken into 
consideration. 


Bladder Pacemaker 


Bladder pacemaker is an electronic implant that allows 
controlling the bladder and possibly bowels (Fig. 72.6). In 
men, it may also help erections. It involves an operation at 
the middle of the spine to divide the sensory nerves that 
supply the bladder, (S2, S3 and S4). 

Although this deprives the bladder of any sensation 
which would have caused overactivity, it also improves 
bladder volume and elasticity, and virtually eliminates 
the risk in the vast majority of patients of the serious 
consequences of autonomic dysreflexia completely. 
The implant consists of surgically implanted internal 
components and an external control box. Internally, 
the pacemaker-type receiver-stimulator is surgically 
implanted under the skin. 

Sacral nerve stimulation is not a first-line therapy, but 
for patients who cannot tolerate medications or for whom 
medications are not effective, this therapeutic device can 
be of such benefit that it liberates them and improves their 
quality of life. 


Indication 


Overactive bladder, refractory to anticholinergic drugs 


Advantage 


Good control in selected cases. 


Disadvantage 


Disadvantages could be many. It is not only expensive, 
but the treatment failure rate and complications are also 
significant. 
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PRELUDE 


MA Salam 


Spinal injury is one of the most devastating injuries where 
the price is paid by vesicourethral segment of the urinary 
tract resulting in life-threatening complications. Correct 
management of spinal injury may prevent such urinary 
complication. 

Neuropathic bladder after spinal cord injury (SCI) 
(Fig. 73.1) is an acute condition. The bladder loses its 
functions suddenly. Months or year after the injury, 
functional and structural changes in the bladder may 
produce hydronephrosis and chronic renal failure. 
Urodynamic methods are absolutely essential to select 
the appropriate method of management for the individual 
cases. This investigation will help in the selection of 
appropriate treatment option and will also identify the 
bladder, which is likely to cause upper urinary tract 
deterioration.'” 


Fig. 73.1: Cervical spinal fracture leading to quadriparesis or 
quadriaplagia depending on the severity of the injury 


Spinal Cord Injury 


PATHOPHYSIOLOGY 


Trauma to the spinal cord typically leads to a combination 
of symptoms and signs resulting from immediate and 
delayed injury. The initial mechanical trauma is secondary 
to traction and compression forces. Direct compression 
of neural elements by bone fragments, disk material and 
ligaments damages both the central and peripheral nervous 
systems. Blood vessel damage also leads to ischemia. 
Rupture of axons and neural cell membranes also occurs.** 

Microhemorrhages occur within minutes in the 
central gray matter and progress over the next few hours. 
Massive cord swelling happens within minutes. The cord 
fills the whole spinal canal at the injury level and leads to 
further secondary ischemia. Loss of autoregulation and 
spinal shock cause systemic hypotension and exacerbate 
ischemia. 

Ischemia, toxic metabolic compounds and electrolyte 
changes cause a secondary injury cascade. Hypoperfusion 
of gray matter extends to the surrounding white matter and 
alters the propagation of action potentials along the axons, 
contributing to spinal shock. Glutamate is a key element 
in the excitotoxicity. Massive release of glutamate leads 
to overstimulation of neighbor neurons and production 
of free radicals, which kill healthy neurons. Excitotoxic 
mechanisms kill neurons and oligodendrocytes, leading 
to demyelination. Alpha-amino-3-hydroxy-5-methyl-4- 
isoxazole propionic acid glutamate receptors play a major 
role in oligodendrocyte damage. Additionally, recent 
evidence has shown that a wave of apoptosis further affects 
the oligodendrocytes up to four segments from the trauma 
site, days and weeks after the initial trauma. Syringomyelia 
may develop as one outcome of this cascade.** 


HISTORY 


The rapid onset of symptoms after trauma usually makes 
the diagnosis obvious. With any trauma, especially to 
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the head or neck and with whiplash injury, spinal injury 
should be immediately suspected. Patients with cervical 
stenosis may be especially prone to SCI and the diagnosis 
may be challenging in patients after high cervical lesions, 
when unresponsiveness may follow hypotension and 
respiratory failure. C2 injuries, especially odontoid 
fractures, must be ruled out in older patients with neck 
pain after even a minor injury. Spinal cord injury may be 
overlooked in patients with concomitant trauma to the 
head or to multiple body parts, especially if patients are 
confused or only have limited SCI. Therefore, SCI must 
be considered after any major traumatic event and the 
patient's neck should be stabilized until SCI is ruled out. 

Spinal cord injury in elderly patients is also challenging. 
When patients with underlying cervical stenosis are found 
unresponsive after a fall at home or in a nursing home, 
diagnosis may be difficult because of concomitant multiple 
medical problems. In addition, respiratory distress or 
hypotension due to spinal shock may lead to a confusional 
state that may deviate attention to a brain lesion, prevent 
immediate diagnosis and further contribute to worsening 
of the spinal lesion.”° 

A high degree of suspicion is also warranted for patients 
who are at high risk for SCI because of concomitant 
medical problems such as rheumatoid arthritis, Down 
syndrome, neck dystonia or torticollis and congenital neck 
abnormalities. 

Leg claudication may indicate lumbar spinal stenosis, 
especially if accompanied by weakness or numbness. 
Patients with cervical spinal stenosis can present with 
arm wasting and/or atrophy (i.e. lower motor neuron 
changes) from anterior horn cell or root involvement and 
leg stiffness and/or spasticity (i.e. upper motor neuron 
changes). 

Acute SCI must be suspected whenever someone 
presents with a combination of autonomic (i.e. urinary 
retention, constipation, ileus, hypothermia, hypotension, 
bradycardia), motor (i.e. hemiplegia and/or hemiparesis 
sparing the face, paraplegia and/or paraparesis, tetraplegia 
and/or tetraparesis) and sensory (i.e. lack of sensation at 
a certain level, hemisensory loss) symptoms. They vary 
according to the phase of SCI, ie. acute, subacute or 
chronic. 

In the acute phase, physicians must be vigilant in 
cases of sudden onset of quadriparesis (with or without 
respiratory distress); paraparesis, loss of sensation or 
bowel or bladder control; sexual dysfunction or symptoms 
of neurogenic shock such as lightheadedness, diaphoresis 
and bradycardia. The classic syndromes of incomplete SCI 
are described below.'*'’ In the subacute phase, patients 
may report pain, which can be progressive depending on 
pathology and rapidity of the process. 


COMPLETE SPINAL CORD 
TRANSECTION SYNDROMES 


In the acute phase, the classic syndrome of complete 
spinal cord transection at the high cervical level consists 
of respiratory insufficiency; quadriplegia with upper and 
lower extremity areflexia; anesthesia below the affected 
level; neurogenic shock (i.e. hypothermia and hypotension 
without compensatory tachycardia); loss of rectal and 
bladder sphincter tone; and urinary and bowel retention 
leading to abdominal distention, ileus and delayed gastric 
emptying. This constellation of symptoms is called spinal 
shock. Horner syndrome (i.e. ipsilateral ptosis, miosis and 
anhydrosis) is also present with higher lesions because 
of interruption of the descending sympathetic pathways 
originating from the hypothalamus.'*"° 

Lower cervical level injury spares the respiratory 
muscles. High thoracic lesions lead to paraparesis 
instead of quadriparesis, but autonomic symptoms are 
still marked. In lower thoracic and lumbar/sacral cord 
lesions, hypotension is not present but urinary and bowel 
retention are present. 


Anterior Cord Syndrome 


The anterior cord syndrome is typically observed with 
anterior spinal artery infarction and results in paralysis 
with loss of pain and temperature sensation below the 
level of the lesion and relative sparing of touch, vibration 
and proprioception (because the posterior columns 
receive their primary blood supply from the posterior 
spinal arteries). 


Central Cord Syndrome 


Central cord syndrome is typically observed in 
syringomyelia, central canal ependymoma and trauma. 
It is associated with more significant arm weakness than 
leg weakness and variable sensory deficits; often, the most 
affected sensory modalities are pain and temperature 
because the lateral spinothalamic tract fibers cross just 
ventral to the central canal. This is sometimes referred to 
as dissociated sensory loss and is often present in a cape- 
like distribution. 

Acute traumatic central cord syndrome is typically 
considered to be caused by a hemorrhage that affects the 
central part of the spinal cord, destroying the axons of the 
inner part of the corticospinal tract devoted to the motor 
control of the hands. However, others have proposed 
that destruction of the motor neurons supplying the 
muscles of the hand was the most likely cause. A recent 
magnetic resonance imaging study corroborates the first 
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hypothesis (corticospinal tract rather than motor neuron 
destruction).? The traumatic injury is usually caused by 
severe neck hyperextension and is characterized by initial 
quadriplegia replaced over minutes by leg recovery. In 
addition to the distal, more than proximal arm weakness 
(man-in-a-barrel syndrome), bladder dysfunction, patch 
sensory loss below the level of the lesion and considerable 
recovery occur.!”18 


Brown-Séquard Syndrome 


Brown-Séquard syndrome is essentially equivalent to a 
hemicordectomy. Ipsilaterally, paralysis, loss of vibration 
and position sense below the level of the lesion, hyper- 
reflexia and an extensor toe sign are present. In addition, 
ipsilateral segmental anesthesia occurs at the level of 
the lesion. Contralaterally, loss of pain and temperature 
sensation occurs below the level of the lesion (beginning 
perhaps 2-3 segments below). Brown-Séquard syndrome 
is more common after trauma. However, the full spectrum 
of this syndrome is rarely observed in clinical settings. 


Cauda Equina and Conus Medullaris Syndromes 


Patients with lesions affecting only the cauda equina can 
present with a polyradiculopathy with pain, radicular 
sensory changes, asymmetric lower motor neuron-type leg 
weakness and sphincter disturbances. This can be difficult 
to distinguish from involvement of the lumbosacral plexus 
or multiple nerves. Lesions affecting only the conus 
medullaris cause early disturbance of bowel/bladder 
function." 


PHYSICAL EXAMINATION OF SPINAL 
CORD INJURY PATIENTS 


Motor weakness (especially paraparesis or quadriparesis) 
can be flaccid in the acute phase or when the anterior 
horn is involved. Identification of affected muscle and the 
sensory level helps with injury localization. 

Reflexes are lost immediately after SCI. Superficial 
abdominal reflexes are elicited by running a semisharp 
stimulus in any abdominal quadrant (upper quadrants are 
best) toward the umbilicus. Then, umbilical movement 
toward the stimulus (i.e. abdominal muscle contraction in 
that quadrant) is observed. 

The cremasteric reflex is elicited by running a 
semisharp stimulus down the upper inner thigh. As this is 
elicited, look for contraction of the cremaster muscle (i.e. 
scrotal elevation). 


An anal wink is contraction of the anal sphincter 
on irritation, elicited by a light stroke with a semisharp 
stimulus to the perianal area. As this is elicited, look for a 
characteristic puckering of the anus. 

The bulbocavernosus reflex is elicited by lightly 
tapping the dorsum of the penis or gently moving a urinary 
catheter, ifin place. The intact reflex results in contraction 
of much of the pelvic floor musculature. 

To check for a sensory level, separate testing of 
pinprick, light touch and vibration senses is helpful in 
order to discriminate conditions such as Brown-Séquard 
syndrome. The stimulus should be applied and moved 
rostrally until a change is noted in the quality or intensity 
of the stimulus. This may be confirmed by moving caudally 
as well. Usually, some physiological overlap occurs at the 
sensory level when the examiner first moves rostrally then 
caudally. This examination may be performed anteriorly 
or posteriorly. Sensation over occiput should be checked 
when high cervical lesions are suspected because this area 
is supplied by upper cervical dorsal roots.” 

With the resolution of the spinal shock phase, areflexia 
and hyporeflexia are replaced by hyper-reflexia with 
increased tone and extensor great toe sign (Babinski 
sign) develops. In humans, the spinal shock phase lasts 
for a few weeks and it can be prolonged when the patient 
develops complications such as bedsores and urinary tract 
infections. 

Withdrawal reflexes may be exaggerated to the point 
of flexor spasms and may be accompanied by sweating, 
piloerection and automatic emptying of the bladder or 
rectum (also called the mass reflex). 

The Beevor sign is elicited by having the patient flex 
the neck to look at the umbilicus; if the umbilicus moves 
upward, it implies intact abdominal motor control down 
to approximately the T10 level and loss of motor function 
below. 

The Lhermitte sign or symptom results from neck 
flexion, which stretches and irritates damaged fibers in 
the dorsal columns of the cervical spine. It results in an 
electroshock sensation going down the arm or down the 
back, indicating probable meningeal or dorsal column 
pathology. It is a poor localizer within the cord.”! 


CAUSES OF SPINAL INJURY 


Such injuries result from motor vehicle and workplace 
accidents, community violence and recreational activities 
(Fig. 73.1). In the United States, motor vehicle accidents 
account for 36-48%, violence for 5-29%, falls for 17-21% 
and recreational activities for 7-16% of events.®® 
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The spinal cord is located inside the vertebral canal, 
which is formed by the foramina of seven cervical, 12 
thoracic, five lumbar and five sacral vertebrae. Cervical 
and lumbar spondylosis are particularly common in 
elderly patients, making them prone to SCI. Cervical SCI 
is common with relatively minor trauma in patients older 
than 65 years. Return of functional motor recovery in this 
group is delayed. 


GOALS IN THE MANAGEMENT OF NEUROPATHIC 
BLADDER IN SPINAL INJURY 


e Avoid the use of an indwelling catheter. 

e Avoid the construction of a urinary stoma. The 
presence of a stoma will not prevent upper urinary 
tract deterioration in the long run. 

e Prevent infection and stones. 

e Prevent upper urinary tract deterioration from a hostile 
bladder by making it a low pressure reservoir. 

e Preserve continence or minimize incontinence to 
enable the patient socially acceptable. 


URODYNAMIC CLASSIFICATION OF SPINAL INJURY 


The change in bladder function after SCI is divided 
into spinal shock phase, recovery phase and chronic or 
established phase (Box 73.1). If the lesion is above the 
conus medullaris, where the sacral cord is located, the 
bladder is called the suprasacral bladder. If the lesion is 
at the conus or below the conus, i.e. the cauda equina, 
the bladder is called the sacral bladder. As a general 
rule, a suprasacral bladder has hyper-reflexic detrusor 
and hyper-reflexic sphincter whereas a sacral bladder 
is areflexic and the sphincter is paralyzed. However, the 
level of injury does not always correspond to the behavior 
of the bladder testing with urodynamic technique which is 
required to make an accurate diagnosis."*>” 


Type of Bladder Following Spinal Injury 


e Suprasacral bladder (hyper-reflexic) due to lesion 
above the sacral center 

e Sacral bladder (areflexic) due to lesion at sacral center 
or below. 


Box 73.1: Phases of spinal shock 


Suprasacral Neuropathic Bladder 


The important feature is the presence of detrusor external 
sphincter dyssynergia (DESD). The sphincter fails to relax 
when the bladder contracts. This causes a variable degree of 
outlet obstruction. Moreover, if the lesion is complete and 
above T6 level, there may be autonomic dysreflexia. This is 
caused by excessive outflow of autonomic activities when 
the bladder is distended. This will produce hypertension, 
sweating, headache and bradycardia (Box 73.2). 

In the spinal shock phase, appropriate method of 
bladder drainage is the only treatment needed. There 
is hardly any need to perform urodynamic studies until 
reflexes return (Figs 73.2A and B). 

In the recovery phase when somatic and bladder 
reflexes gradually return, intermittent catheterization 
should be continued until the postvoid residual urine is 
less than 100 mL. Urodynamic studies may show weak 
detrusor hyper-reflexia (Box 73.3). 

In the established phase, a full urodynamic evaluation 
including imaging of the upper urinary tract, usually with 
an intravenous pyelogram, should be done. 


Box 73.2: Features of detrusor external sphincter dyssynergia 


Figs 73.2A and B: (A) X-ray image of a victim of traffic accident 
showing fracture dislocation of the thoracic spine; (B) Which was 
eventually fixed but control of bladder remains a problem may be 
for whole life which need care for life time 
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Box 73.3: Causes of autonomic dysreflexia 


Urodynamic studies may show one or a combination 
of the followings: 

e Detrusor hyper-reflexia with a high detrusor leak point 
pressure 

e Gross ureteric reflux with hydronephrosis 

e Severe DESD 

e Low bladder compliance from chronic obstruction 
resulting from DESD 

e Incontinence of urine but the detrusor leak point 
pressure is low. 

Treatment aims at correcting the high intravesical 
pressure and increasing the bladder capacity. However, 
since storage failure and emptying failure often coexist, 
correcting the high pressure by modifying one function 
may be at a cost to the other opposite function. 


Sacral Neuropathic Bladder 


Sacral neuropathic bladder is areflexic detrusor. The 
urethral sphincter is often paralyzed resulting in a fixed 
band partially open sphincter. The patient may be 
incontinent and yet has a moderate amount of residual 
urine. Abdominal straining or suprapubic compression 
may produce urine flow. Later the compliance of the 
bladder is reduced and may place a risk on the upper 
urinary tracts. 


Shock phase: In the spinal shock phase, appropriate 
method of bladder drainage is the only treatment required. 
Urodynamic studies, if performed, may show detrusor 
areflexia with high compliance. 


Recovery phase: In the recovery phase, voiding may be 
partially successful with a variable amount of residual 
urine. Urodynamic studies may show detrusor areflexia 
with the patient using abdominal straining to pass urine. 
Intermittent catheterization must be continued, though at 
less frequent intervals, if voiding is efficient. 


Established phase: In the established phase, renal 
function tests and imaging of the upper tract should 
be done. Urological evaluation may show one or a 
combination of the following findings: 


e High storage pressure due to a poorly compliant 
bladder 

e Poor bladder emptying with the patient using 
abdominal straining 

e Troublesome incontinence of urine at a high detrusor 
leak point pressure 

e Patient may have learned to use commercial protective 
pads 

e There may be gross ureteric reflux with hydronephrosis 

e Patient is able to empty the bladder efficiently by 
straining but there is incontinence of urine 

e Detrussor leak point pressure is low and there is only 
small residual urine. 

Treatment aims at making the bladder a low 
pressure reservoir with adequate capacity. Intermittent 
catheterization, anticholinergics drugs or surgery may 
restore reduced compliance in some cases. If there is 
large residual urine then intermittent catheterization is 
also needed. If the detrusor leak point pressure is already 
low and the bladder capacity is adequate, the cause of 
incontinence may be a paralyzed urethral sphincter. 
Surgery for incontinence may be considered. 


Aims of Treatment 


e Continence (the patient must be dry) 

e Low pressure, adequate capacity bladder 

e Prevention of urological infection, stone formation 
and renal failure. 


PREHOSPITAL CARE AND TRANSPORTATION OF 
SPINAL INJURY PATIENTS 


Most prehospital care providers recognize the need 
to stabilize and immobilize the spine on the basis of 
mechanism of injury, pain in the vertebral column or 
neurologic symptoms. Patients are usually transported 
to the emergency department (ED) with a cervical hard 
collar on a hard backboard. 

Commercial devices are available to secure the patient 
to the board. The patient should be secured so that in the 
event of emesis, the backboard may be rapidly rotated 90° 
while the patient remains fully immobilized in a neutral 
position. Spinal immobilization protocols should be 
standard in all prehospital care systems. 


EMERGENCY DEPARTMENT CARE 


Most patients with SCIs have associated injuries. In this 
setting, assessment and treatment of airway, respiration 
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and circulation takes precedence. Airway management 
in the setting of SCI, with or without a cervical spine 
injury, is complex and difficult. The cervical spine must 
be maintained in neutral alignment at all times. Clearing 
of oral secretions and/or debris is essential to maintain 
airway patency and to prevent aspiration. The modified 
jaw thrust and insertion of an oral airway may be all that 
is required to maintain an airway in some cases. However, 
intubation may be required in others. Failure to intubate 
emergently when indicated because of concerns regarding 
the instability of the patient's cervical spine is a potential 
pitfall. 

Hypotension may be hemorrhagic and/or neurogenic 
in acute SCI. Due to the vital sign confusion in acute SCI 
and the high incidence of associated injuries, a diligent 
search for occult sources of hemorrhage must be made. 
The most common causes of occult hemorrhage are chest, 
intra-abdominal or retroperitoneal injuries and pelvic or 
long bone fractures. Appropriate investigations, including 
radiography or computed tomography (CT) scanning, are 
required. In the unstable patient, diagnostic peritoneal 
lavage or bedside focused abdominal sonography for 
trauma, ultrasonographic study may be required to detect 
intra-abdominal hemorrhage. 

Once occult sources of hemorrhage have been 
excluded, initial treatment of neurogenic shock focuses 
on fluid resuscitation. Judicious fluid replacement with 
isotonic crystalloid solution to a maximum of 2 liters is 
the initial treatment of choice. Overzealous crystalloid 
administration may cause pulmonary edema because 
these patients are at risk for the acute respiratory distress 
syndrome.” 


THE THERAPEUTIC GOAL FOR 
NEUROGENIC SHOCK 


Systolic blood pressure (BP) should be 90-100 mm Hg. 
Systolic BPs in this range are typical for patients with 
complete cord lesions. The most important treatment 
consideration is to maintain adequate oxygenation and 
perfusion of the injured spinal cord. Compelling animal 
and human studies recommend maintenance of systolic 
BP higher than 90 mm Hg and prevent any hypotensive 
episodes. Heart rate should be 60-100 beats per minute 
in normal sinus rhythm. Hemodynamically significant 
bradycardia may be treated with atropine. Urine output 
should be more than 30 mL/hour. Placement of a Foley’s 
catheter to monitor urine output is essential. Rarely, 
inotropic support with dopamine is required. It should be 
reserved for patients who have decreased urinary output 
despite adequate fluid resuscitation. Usually, low doses of 
dopamine in the 2-5 mcg/kg per min range are sufficient. 


Associated head injury occurs in about 25% of patients 
with SCI. A careful neurologic assessment for associated 
head injury is compulsory. The presence of amnesia, 
external signs of head injury or basilar skull fracture, focal 
neurologic deficits, associated alcohol intoxication or drug 
abuse and a history of loss of consciousness mandates a 
thorough evaluation for intracranial injury, starting with 
noncontrast head CT scanning. 

e Ileus is common. Placement of a nasogastric 
tube is essential. Aspiration pneumonitis is a 
serious complication in the patient with a SCI with 
compromised respiratory function antiemetics should 
be used aggressively. 

e ‘The patient is best treated initially in the supine 
position. Occasionally, the patient may have been 
transported prone by the prehospital care providers. 
Logrolling the patient to the supine position is safe 
to facilitate diagnostic evaluation and treatment. Use 
analgesics appropriately and aggressively to maintain 
the patient's comfort if he or she has been lying on a 
hard backboard for an extended period. 

e Prevent pressure sores: Denervated skin is particularly 
prone to pressure necrosis. Turn the patient every 1-2 
hours. Pad all extensor surfaces. Undress the patient to 
remove belts and back pocket keys or wallets. Remove 
the spine board as soon as possible. 


Treatment Plan 
Drainage of the Bladder 


Bladder is drained with a silicon Foley’s catheter and may 
be continued till there is leakage of urine by the side of the 
catheter (side firing). Usually in acute phase the bladder 
passes into a phase of paralysis and with time the bladder 
function returns, which is indicated by the side firing. 
Keeping the indwelling catheter for a long time may invite 
catheter related complications. 

At this stage the patient is enrolled in clean intermittent 
self-catheterization program if the manual dexterity is 
intact. Intermittent assisted catheterization program will 
be reserved for patients with cervical spinal injury. Fixing 
a suprapubic catheter is a smart procedure during the 
acute phase of the SCI in patients, which eventually can be 
removed when the bladder function returns. 

The bestresult can be obtained by intermittent catheter- 
ization (Guttmann and Frankel, 1966, Lapides et al. 1972) 
and should be initiated as early as conveniently possible. 
Intermittent catheterization will be needed primarily for 
bladder with inefficient emptying. It can be used for an 
indefinite period of time to keep the detrusor pressure low 
and for some cases of incontinence. Indwelling catheter 
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and suprapubic cystostomy are reserved for those rare 
cases where patient cannot perform self-catheterization 
and have no care provider to do it, but this means that the 
management goals will not be met. 


Urodynamic Study 


Perform urodynamic testing early after spinal shock to 
verify the type of neuropathic bladder and to evaluate 
whether there is an emptying or storage problem, or both. 
Determine the degree of hostility and modify the bladder 
or the bladder outlet accordingly to remove the threat to 
the upper tracts. Repeated urodynamic studies is done to 
evaluate the result of treatment and when there appears to 
be a change in bladder functions. 


Imaging 


Imaging of the urinary tracts and renal function tests 
should also be done early as a baseline, then at intervals. 
Any changes in the upper tracts suggest failure of treatment 
and will require a change in the treatment plan. Urinary 
stones should be detected and treated early. Urinalysis 
and urine culture should be done at each visit and urinary 
tract should be treated or investigated if recurrent. 


Pharmacologic Modification of Neuropathic Bladder 


By using autonomic drugs and some skeletal muscle 
relaxants, the function of the bladder or the bladder outlet 
can be modified.” 
Drugs used for control of bladder activity: 

e Drugs decreasing the detrusor pressure 

— Anticholinergic drugs 
e Drugs increasing the detrusor pressure 

— Bethanechol (not used currently) 
e Drugs increasing the outlet resistance 

— Alpha adrenergic drugs 
e Drugs decreasing the outlet resistance 

— Alpha blockers, diazepam, baclofen 


Surgical Treatment 


Surgery to improve storage by increasing the bladder 
capacity and reducing the intravesical pressure: The most 
effective surgical techniques involve, patching the bladder 
with a segment of gut in order to reduce the intravesical 
pressure and to increase the bladder capacity and the 
procedure is called as enterocystoplasty. Indication for 
ileocystoplasty includes excessively high bladder pressure, 
poor bladder compliant, incontinent from hyper-reflexia 
not responding to medical treatment. 


Surgery to improve storage by increasing the outlet 
resistance: This is rarely indicated except in the case 
of detrusor areflexia with a paralyzed and an open 
urethral sphincter. If there is detrusor hyperreflexia, then 
cystoplasty should be done at the same time. Pubovaginal 
sling (intermittent catheterization may be needed 
indefinitely), artificial sphincter, bioplastique, silicon and 
autologous fat injection therapy to the bladder neck may 
be helpful in achieving continence in selective cases only. 

Surgery to improve emptying by reducing the bladder 
outlet resistance: A high-grade DESD, severe autonomic 
dysreflexia, detrusor bladder neck dyssynergia may 
be treated with external sphincterotomy, insertion 
of an intraurethral wall stent (McInerney et al. 1991), 
transurethral resection of the prostate (TURP) and 
transurethral bladder neck incision. In patients with sacral 
lesion, external sphincter may be paralyzed and TURP 
may result in total incontinence. 

Bladder pacemaker was introduced by Professor 
Brindly that became popular in the last decade but 
unfortunately, the device was expensive and did not fulfill 
the expectation of the users. Urinary diversion is rarely 
indicated andis not desirable as the first mode of treatment. 
However, if the upper urinary tract is badly damaged, 
a diversion is preferable to a cystoplasty. Quadriplegic 
patients who cannot perform self-catheterization may be 
better managed with an ileal loop diversion or a continent 
diversion. 


Surgery to treat vesicoureteric reflux: Vesicoureteric 
reflux in a high-pressure bladder usually improves when 
the bladder is treated as above. Reimplantation of the 
ureters to a thick-walled bladder is difficult and may fail. 
If required, when enterocystoplasty is being done, it may 
be better to reimplant the ureters to the colonic wall. 
Alternatively, injection treatment to the ureterovesical 
junction should be tried. 

Choice of treatment often depends on available 
resources, patient’s willingness to comply with the 
treatment plan, degree of social and family supports, sex 
of the patient (female incontinence will be difficult to 
manage whereas incontinence in male can be managed 
by condom drainage), manual dexterity, and reversibility 
of the cord lesion. In general, pharmacologic treatments 
should be tried before irreversible surgical procedures. 


COMPLICATIONS 


e The neurologic deficit often increases during the hours 
to days following acute SCI, despite optimal treatment. 
e One of the first signs of neurologic deterioration is 
the extension of the sensory deficit cephalad. Careful 
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repeated neurologic examination may reveal that the 
sensory level have risen 1 or 2 segments. Repeated 
neurologic examinations to check for progression are 
essential. 

e Carefuland frequentturning ofthe patientis required to 
prevent pressure sores. Denervated skin is particularly 
prone to this complication. Remove belts and objects 
from back pockets such as keys and wallets. 

e Try to remove the patient from the backboard as 
soon as possible. Some patients may require spinal 
immobilization in a halo vest or a Stryker frame. Many 
patients with acute SCI have stable vertebral fractures 
yet needlessly spend hours on a hard backboard. 

e Patients with SCI are at high risk for aspiration. 
Nasogastric decompression of the stomach is 
mandatory. 

e Prevent hypothermia by using external rewarming 
techniques and/or warm humidified oxygen. 
Pulmonary complications in SCI are common. 
Pulmonary complications are directly correlated with 
mortality and both are related to the level of neurologic 
injury. Pulmonary complications of SCI include the 
following: 

e Atelectasis secondary to decreased vital capacity and 
decreased functional residual capacity. 

e Ventilation-perfusionmismatch duetosympathectomy 
and/or adrenergic blockade 

e Increased work of breathing because of decreased 
compliance 

e Decreased coughing, which increases the risk of 
retained secretions, atelectasis and pneumonia 

e Muscle fatigue 
Severe sepsis or pneumonia frequently follows 

treatment with high-dose methylprednisolone that is 

frequently used in SCI. 


PROGNOSIS 


Patients with a complete cord injury have a less than 5% 
chance ofrecovery. Ifcomplete paralysis persists at 72 hours 
after injury, recovery is essentially zero. The prognosis is 
much better for the incomplete cord syndromes. If some 
sensory function is preserved, the chance that the patient 
will eventually be able walk is greater than 50%. Ultimately, 
90% of patients with SCI return to their homes and regain 
independence. 

Providing an accurate prognosis for the patient with 
an acute SCI usually is not possible in the ED and is best 
avoided. In the early 1900s, the mortality rate of 1 year after 
injury in patients with complete lesions approached 100%. 
Much of the improvement since then can be attributed 
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to the introduction of antibiotics to treat pneumonia and 
urinary tract infection. Currently, the 5-year survival rate 
for patients with a traumatic quadriplegia is 89%. The 
hospital mortality rate for isolated acute SCI is low.” 


LIFELONG SURVEILLANCE 


Since silent hydronephrosis, reflux and urinary infection 
may develop and cause chronic renal failure. Urodynamic 
studies must be repeated at intervals. Renal imaging 
will detect hydronephrosis and stones. Urinalysis and 
urine culture should be parts of the evaluation. Further 
modification of the lower tract function may need to be 
done again. 

In summary, modern methods of treatment and 
evaluation of neuropathic bladder including urodynamic 
studies, intermittent catheterization, and newer surgical 
techniques to modify the bladder with high hostility 
score have helped us to come closer to the goals in the 
management of neuropathic bladder (Box 73.4). With the 
present strategies, most patients may be expected to have 
a normal survival with no death relating to renal failure.” 
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MA Salam 


Urodynamics is synonymous with hydrodynamics, which 
measures the flow and pressure of water. In urological 
practice, urodynamics is a neurophysiological study of 
urinary tract, which measures the pressure, flow and 
electrical changes in various component of urinary tract 
during the different phases of activity of upper and lower 
urinary tract.' Historical concept to measure the intravesical 
pressure (primitive cystometry) is illustrated in Figure 74.1. 
In practice, the activity of bladder, urethral sphincter and 
pelvic muscle is recorded through special equipment called 
urodynamic machine (Fig. 74.2). Uroflowmetry tracing and 
spinning disk type of uroflowmetry machine is shown in 
Figures 74.3A and B. 


Fig. 74.1: Historical concept to measure the intravesical pressure 
(primitive cystometry) 


Urodynamic Studies 


Urinary continence during bladder filling, urine 
storage in the bladder and the efficiency of subsequent 
voiding, all depend on the accurate coordination activity of 
vesicoureteral segment. The interpretation of urodynamic 
study is simple in most of the cases and provides an 
essential complement to the modern practice of urology, 
gynecology, neurology, spinal injury management 
(Fig. 74.4) and associated specialties. 


COMPONENTS OF URODYNAMICS 


Urodynamics consists of a number of complimentary 
components of varying degrees of complexity, the needs 
to be tailored to meet the clinical requirements of each 
case. Some of the tests are clinical and very simple to 
perform; they are called as simple urodynamics. Other 
components of urodynamic tests are highly complex and 
require electronic equipments to record pressure, flow, 
and electrical activity of the urinary tract and pelvic floor 
muscles. Components of urodynamics can be of two types 
(Table 74.1): 

1. Simple urodynamics. 

2. Complex urodynamics. 


Fig. 74.2: Urodynamic machine 
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Figs 74.3A and B: (A) Uroflowmetry tracing and; ( 


Filling Voiding 


Bladder pressure (cm H30) 


acl, 


Abdominal pressure (cm H30) 


Detrusor pressure (cm H,O) 


Fig. 74.4: Urodynamic tracing of a patient with suprasacral spinal 
cord injury 


For simple problem, like assessment of voiding 
symptoms from benign prostatic hyperplasia (BPH), 
simple urodynamics consisting of observation of act of 
micturition in the toilet, frequency-volume chart analysis, 
estimation of urine flow by uroflowmetry or analysis 
of ultrasound cystodynamogram (USCD) may be cost- 
effective and highly satisfactory investigation.** 

For assessing the complex neurourological problem, 
like unexplained lower urinary tract symptoms (LUTS), 
or assessing the bladder function in spinal injury victims 
more complex urodynamics study like cystometry, urethral 
pressure measurement, sphincter electromyography 
(EMG), upper tract urodynamics (the Whitaker test), 
etc. would be appropriate (Box 74.1). These tests are 
expensive and slightly invasive, but can provide invaluable 
information for the correct management of the problem. 
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B) Spinning disk type of uroflowmetry machine 


Table 74.1: Components of urodynamics 


Simple urodynamics Complex urodynamics 


Observation of act of micturition | Cystometry: filling phase 


Frequency-volume chart Voiding phase 


Uroflowmetry Sphincter electromyography 


Ultrasound cystodynamogram Whitaker test (upper tract) 


Ambulatory urodynamics Urethral pressure measurement 


Box 74.1: Complex urodynamics 


SIMPLE URODYNAMICS 


Observation of Act of Micturition 


Observing the act of micturition in a benign prostatic 
hyperplasic patient will disclose the degree of discomfort 
felt by the patient and will allow having a rough estimation 
of flow rate. The residual volume can be measured by 
clinical test at the end of voiding. This test is possibly the 
simplest visual or clinical urodynamics. 


Frequency-Volume Chart 


Estimation of bladder activity and voided volume can be 
assessed simply by keeping a frequency-volume chart 
which may give a clear indication about the volume of fluid 
intake and volume voided in a given time. Many people 
complain of frequency, urgency and nocturia, and their 
frequency-volume chart may show that they are taking lot 
of water due to their obsessive drinking habit.** 
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Uroflowmetry 


The first simplest and most useful investigation in 
the assessment of voiding dysfunction (LUTS) is the 
measurement of urinary flow rate. On the basis of 
this test, it is often possible objectively to confirm the 
presence of bladder outlet obstruction (BOO). Studies 
have demonstrated that simple uroflowmetry by itself is 
adequate investigation for uncomplicated bladder outflow 
obstruction (Fig. 74.5) in nearly 50% of the patients. 

The urine flow may be reduced in detrusor under 
activity also, which may mislead the clinician. Clear 
example is a case of chronic retention of urine due to 
BPH. Here the uroflow tracing will show evidence of 
obstruction, but relieving the obstruction by transurethral 
resection of prostate may not improve the flow of urine. In 
such instance, a cystometrogram (CMG) will confirm an 
under active detrusor (Box 74.2) .°* 

In addition, it must be remembered that a normal 
flow rate can be present in the early stages of obstruction 
as a consequence of a compensatory increase in voiding 
pressure by hypertrophied detrusor which helps in 
maintaining an apparently normal flow rate. Ultrasound 
scan of the bladder will show a thickened bladder wall and 
cystoscopy will confirm the bladder outflow obstruction 
due to BPH or stricture urethra despite of a normal flow 
rate. In these cases, the International Prostatic Symptom 
Score (IPSS) will guide the clinician. 


Filling 
Bladder pressure (cm H,O) 


Abdominal pressure (cm H,O) 


Detrusor pressure (cm H,O) 


— 


Filling (mL) Flow (mL/s) 


Fig. 74.5: Normal detrusor activity with features of bladder 
outflow obstruction 


Box 74.2: Indications of uroflowmetry 


Technique 


The flow rate is measured with a flowmeter, which is a 
device that measures the flow and indicates a quantity 
of fluid (volume or mass) passed per unit time; such 
machines normally indicate the volumetric flow rate (Box 
74.3). Flow rate estimation can be carried out either by 
itself or in combination with other techniques, e.g. USCD, 
CMG, video cystometrogram (VCMG). 


Types of Uroflowmeter 


e Spinning disc method: The voided fluid is directed on 
a rotating disc lodged in a large funnel fitted with a 
commode. The amount of flowing urine on the disc 
produces retardation inits speed, and the power required 
to keep the disc rotating at a constant rate is measured, 
thereby allowing calculation of the flow rate of urine 
past the disc. The calculations are plotted in the form of 
tracing on a thermal paper. This type of uroflowmeter 
is most dependable, user friendly, durable, and as such 
most of the urological center prefers the equipment.** 

e Gravimetric (weight transducer) method: Such 
instruments measure the weight of collected fluid 
or the hydrostatic pressure at the base of a collecting 
cylinder. This similarly allows calculation of a flow rate. 

e Electronic dipstick method: A dipstick is mounted in 
a collecting chamber and as urine accumulates the 
electrical capacitance of the dipstick changes. This 
allows calculation of the rate of accumulation of fluid 
and hence the flow rate. 


Practical Guidelines Reading Uroflowmetry 


The following factors have to be considered when 
interpreting a flow rate and the pattern (in particular 
whether the flow is continuous or intermittent): 


Box 74.3: Types of uroflowmeter 
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e Voided volumes of less than 150 mL can lead to 


g RA erroneous results 
e Favorable surroundings were present during the test or 


not 
e Whether the patient is voiding supine or standing 
e Whether the patient is voided with a catheter (during 
T CMG) or not. 


Definitions and Analysis of Uroflowmetry 


Voided volume: The total volume expelled via the 
urethra is the voided volume (V mp). Normally bladder 


com] 


can hold about 500 mL of urine. In poorly contractile or 


Fig. 74.6: Uroflowmetry tracing of patients with benign prostatic 


hyperplasia 

decompensated bladder, the voided volume may be small 
by keeping a large residue in bladder (Figs 74.8A and B). 
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Fig. 74.7: Urodynamic recording of bladder outlet obstruction due to BPH in a 55-year-old man. Note that during a pressure-flow study, 
his maximum flow rate (Q „a is only 6 mL/second and detrusor pressure at maximum flow rate (P e Qna) is very high at 101 cm H,O. 
He also has a small bladder capacity (50 mL) due to chronic bladder outlet obstruction. His flow curve is flat and “bread-loaf” in pattern, 
which is consistent with infravesical obstruction 
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Figs 74.8A and B: Normal uroflowmetry study demonstrating a normal bell-shaped pattern and (A) an abnormal screening 
uroflowmetry study (B) with an interrupted, intermittent flow pattern 


Maximum flow rate: Maximum flow rate (Q-Max defined 
as the maximum measured value of the flow rate. On full 
bladder, normal values are: 20-25 mL/second in male and 
25-30 mL in females. Obstruction should be suspected if it 
is less than 15 mL/second. A flow rate of less than 10 mL/ 
second is taken as definite obstruction. 


Average flow rate: Voided volume divided by flow 
time is the average flow rate (Q-ave). The calculation of 
average flow rate is only meaningful if flow is continuous 
and without terminal dribbling. Normal maximum flow 
rate with long average voiding flow rate is indicative of 
sphincteric dysfunction. 


Flow time: ‘The time over which measurable flow actually 
occurs is called flow time (TQ). Most adult male completes 
their voiding by 30 seconds; while female can do it by 20 
seconds. 


Time to maximum flow: The elapsed time from onset 
of flow to maximum flow is the time to maximum flow 
(TQ-Max). The flow pattern must be described when flow 
time and average flow rate is measured. 


Intermittent flow: The same parameters used to 
characterize continuous flow may be applicable if care is 
exercised in patient with intermittent flow. In measuring 
flow time the time intervals between flow episodes are 
disregarded. It may occur due to detrusor contraction or 
abdominal straining. 


Voiding time: Total duration of micturition, including 
interruptions, is the voiding time (T 100). When voiding is 
completed without interruption, voiding time is equal to 
flow time. 


Comments and Tips on Analysis of Uroflowmetry 


It is evident that the urinary flow rate provides important 
and useful information suggesting whether there is 
obstruction to the outflow tract. The flow rate pattern may 
indicate a possible etiology. It should always be done after 
treatment of BOO to evaluate result and documentation. 


Drawbacks and Problems in Interpreting 
Results of Uroflowmetry 


The flow rate can be misleading: If the detrusor function 
is normal or the detrusor is overactive, the flow rate is 
maintained at fairly normal values despite the high urethral 
resistance due to BPH or other causes of BOO. The flow 
rate is not diminished until the urethral caliber is reduced 
below 11-Ch. The flow rate may be misleading in patients 
where there is significant detrusor decompensation leaving 
large residual volume. The flow rate can be influenced by 
straining and this should be taken into account when 
interpreting results. Irregularities in the measured flow rate 
can be due to collecting funnel artifacts and to variations in 
the direction of the urinary stream.*’” 


Practical Application of Uroflowmetry 


Uroflowmetry by itself is an adequate investigation for 
uncomplicated prostate outflow obstruction in nearly 50% 
of the patients. It is also invaluable in the assessment of 
voiding function across aspectrum ofurological conditions. 
It must, however, be emphasized that most reliance should 
be placed on the observed flow pattern rather than the 
absolute data obtained. In view of the limitations outlined 
above, in certain circumstances, where doubt remains 
following a flow rate, or in particular where previous 
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Box 74.4: Indications of ultrasound cystodynamogram 


surgery has been carried out, more complex investigations 
are required. To provide more detailed information about 
bladder function, a simple flow rate can be combined with 
ultrasound imaging or with CMG (voiding CMG). 


Ultrasound Cystodynamogram 


Ultrasound scan of urinary tract is combined with a flow 
rate to provide more practical information of bladder 
function. This investigation is performed routinely to all 
patients who have complaints of LUTS (Box 74.4). 


Technique of Ultrasound Cystodynamogram 


The upper tract is scanned, then the bladder is scanned at 
maximum urgency for the thickness of the bladder wall, 
any filling defect and the maximum cystometric capacity is 
measured. The patient voids onto uroflowmeter to obtain 
the uroflow tracing. Now a postvoid bladder scan is carried 
immediately out to measure the residual volume (Box 
74.5) (Fig. 74.9). 


Practical Guidelines 


Ensure that the patient has a subjectively full bladder 
prior to the study to provide a representative result. Make 
sure that the study is carried out in circumstances where 
the patient is relaxed, so as not to introduce error into the 
results obtained. 


Comment 


The USCD provides data on maximum cystometric 
capacity. The flow rate and postvoid residue will provide 
helpful information about the lower urinary tract function 
than a flow rate alone. 

This test is entirely noninvasive, cost-effective, and 
provides most useful clinical information for assessment 
of lower urinary tract dysfunction or follow-up of treated 


Box 74.5: Data obtained from ultrasound cystodynamogram 


Fig. 74.9: Basic components of ultrasound cystodynamogram (uroflowmeter and ultrasound machine) 
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cases in outpatient clinics. Ultrasound cystodynamogram is 
currently used as a routine test for BPH, stricture of urethra, 
etc. The test can be performed satisfactorily by using any 
ultrasound machine added with the uroflowmeter. 


COMPLEX URODYNAMICS 


Normal findings on urodynamic study of a 35-year-old 
white man are shown in Figure 74.10. 


Cystometrogram 


Cystometry is the method by which the pressure/volume 
relationship of the bladder is measured. Cystometrogram 
can be added to uroflowmeter to obtain simultaneous flow 
tracing or can be radiological evaluation of bladder neck 


Patient Name: 


during voiding in order to see the bladder neck activity to 
study incontinence. Based on above facts, cystometry can 
be of three types (Box 74.6): 


Simple Cystometry 


The term simple cystometry is usually taken to mean the 
measurement of detrusor pressure during controlled- 
bladder filling and subsequent voiding to assess detrusor 
activity, sensation, capacity and compliance. 


Box 74.6: Types of cystometry 


Test Name: Micturition File Name: P3046269 


0 50 1:40 2:30 3:20 z 4:10 5:00 5:50 6:40 
Start infusion Stop infusion abd Valsapeak Flow 
e Papa id Start infusion Stop infusion Cough Uroflow stop 
First sensation Paba Urovate start Void 
v z v v v 2 2 v ww v wy 


Fig. 74.10: Normal findings on urodynamic study of a 35-year-old white man. During the filling CMG, there is an absence of uninhibited 
detrusor contractions. Bladder compliance is normal. His maximum bladder capacity is 435 mL. During the pressure-flow study, his 


maximum flow rate (Qa) is 25 mL/second and detrusor pressure at maximum flow rate (P Q 


is 50 cm H,O. The uroflow pattern is 


La) 


without abnormality, producing a bell-shaped curve without any abdominal straining. He voids to completion and the postvoid residual 


urine is negligible 
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Voiding Cystometry 


Voiding cystometry is a more perfect tool to determine 
the bladder function. This is accomplished by addition of 
measurement of the synchronous flow rate in addition to 
simple cystometry. Measurement of bladder pressure and 
abdominal pressure is simultaneously recorded. 
Subtraction of bladder pressure from abdominal 
pressure will indicate the detrusor pressure. ‘This 
subtraction of pressure is done by a built in computer in 
the urodynamic machine. All three pressures: (1) bladder 
pressure; (2) abdominal pressure and; (3) detrusor pressure 
is recorded simultaneously during the test. Voiding 
cystometry is used to assess detrusor activity, sensation, 
capacity and compliance, uroflow and _ cystometric 
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pressure during voiding.™ Voiding cystometry showing 
bladder overactivity is illustrated in Figure 74.11. 


Videocystometry 


If appropriate radiological facilities exist, the bladder 
can be filled with contrast media, thus allowing the 
simultaneous screening of the bladder and outflow tract 
during filling and voiding. When these procedures are 
combined with voiding cystometry, this results in the gold 
standard investigation, the video-CMG (Fig. 74.12). 
Radiological screening provides valuable additional 
anatomical information on the appearances of the bladder, 
the presence of ureteric reflux, the level of any outflow 
obstruction in the lower urinary tract, the degree of 
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Fig. 74.11: Urodynamic study revealing detrusor hyper-reflexia in a 22-year-old woman with multiple sclerosis. Note the presence of 
multiple phasic contractions (uninhibited detrusor contractions) generating as much as 100 cm H,O pressure 
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support to the bladder base during coughing and, by itself, 
is more than adequate for the diagnosis of stress urinary 
incontinence (SUI)" or sphincter weakness incontinence 
(SWI). This information, along with the accompanying 
pressure flow traces, can be recorded on a video tape or in 
CD allowing subsequent review and discussion (Box 74.7). 

Videocystometry is, however, essential for the adequate 
assessment of the complex cases where equivocal results 
have been obtained from simpler investigations for the 
definition of neuropathic disorders, and in situations 
where there has been an apparent failure of a previous 
surgical procedure.’** 


Box 74.7: Indication of videocystometrogram 


PRACTICAL POINTS OF URODYNAMIC STUDY 


A number of variations in technique are currently available 
and the following points deserve specific consideration: 


Access 


Whilst the majority of cystometry is carried out via the 
transurethral route, percutaneous placement of catheters 
both for bladder filling and pressure measurement is 
essential in the investigation of pediatric patients and 
when the urethral access is not possible. 


Types of Catheter 


Fluid-filled catheter of various types, size and single or 
multiple lumen, are required. 

Catheter tip transducer-specifications vary between 
manufacturers; these catheters tend to be expensive and 
too fragile for routine use. 


Urodynamic Equipment 


Anumber of commercial urodynamic systems (Figs 74.13A 
and B) are currently available. These vary greatly in terms 
of sampling rate, associated computer software back-up 
and price. 


Figs 74.13A and B: (A) Cross-section of urodynamic catheter showing the double lumen. One lumen is used for filling the bladder and 
the other being used for the monitoring the intravesical pressure; (B) Urodynamic catheters 
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Test Medium (Liquid or Gas) 


Normal saline is the most ideal medium for cystometry. 
Gas cystometry is rarely performed nowadays. The major 
drawback with gas cystometry is aerodynamics not 
urodynamics. 


Position of Patient 


Position of patient can be supine, sitting, or standing. 


Type of Filling 


This may be by diuresis or catheter. Filling by catheter 
may be continuous or incremental; the precise filling rate 
should be stated. When the incremental method is used the 
volume increment should be stated. Continuous pressure 
measurement is of greatest usefulness in clinical practice. 


Techniques of Videocystometrography/Cystometry 


A full urodynamic history is taken before the test. One 
of the goals during the test is to reproduce the similar 
symptoms that the patient was complaining. The detrusor 
pressure is estimated by the automatic subtraction of 
rectal pressure (as an index of intra-abdominal pressure) 
from the total bladder pressure, thus removing the 
influence of artifacts produced by abdominal straining. 
During this study, notice is taken of the initial bladder 
residual, the bladder volume at the time of the patient’s 
first sensation of filling, the final tolerated bladder volume 
and the final residual volume after voiding. All systems are 
zeroed at atmospheric pressure. For external transducers, 
the reference point is the level of the superior edge of the 
symphysis pubis. For catheter mounted transducer the 
reference point is the transducer itself. 


Access to Machine 


A 2mm diameter saline-filled catheter is introduced into 
the rectum, the end of the tube being connected with a 
rectal balloon or with a finger of surgical gloves. A slit is cut 
in this to prevent tamponade producing artifactual results 
during the study. With the patient in the supine position, 
the external urethral meatus is cleaned with antiseptic 
solution. The urethra is anesthetized with 1% lignocaine gel 
containing chlorhexidine and then a 5 Fr manufacturers 
double lumen or a 10 Ch Nelaton filling catheter with 
a 1 mm diameter saline-filled plastic pressure catheter 
inserted into the bladder and end of the two catheters is 
then disengaged. The bladder is drained of urine and this 
initial residual volume recorded. 


Lines and Test Medium 


The two pressure measurement lines are then connected 
to the transducers incorporated in the urodynamic 
apparatus. The lines are flushed through with saline, great 
care being taken to exclude all air bubbles from both 
the tubing and transducer chambers. Normal saline or 
normal saline mixed with contrast medium (for video- 
urodynamics) at room temperature is then instilled into 
the bladder at a predetermined rate under the control 
of a peristaltic pump. Fast-fill (> 100 mL/minute) is 
used routinely in most unit, although slower filling rates 
approaching the physiological range are mandatory in the 
assessment of the more complex cases.!*"4 


Cystometry 


The bladder is filled initially in the supine position and 
the volume at first sensation of filling is noted. When the 
subject first experiences discomfort, the radiographic 
table is tipped towards the standing position and 
subsequent bladder filling discontinued when at the 
maximum tolerated capacity (Fig. 74.14). During bladder 
filling the patient is asked to consciously suppress bladder 
contraction. The Nelaton filling catheter is then removed 
from the bladder and the patient turned to the oblique 
position relative to the X-ray machine and asked to void 
into the flowmeter provided. 

Throughout the study continuous rectal pressure, total 
bladder pressure and electronically subtracted detrusor 


Filling Voiding 


Bladder pressure (cm H,O) 


Abdominal pressure (cm H,O) 


Detrusor pressure (cm H,O) 


Flow (mL/s) 
15 mL/s 


Fig. 74.14: Noncompliance or poor compliance 
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pressure (total bladder pressure minus rectal pressure) 
measurements are sampled at a predetermined rate (1 Hz 
on most commercially available contemporary machines). 
The results displayed on the video display unit/stored 
to disk/polygraph chart recorded-depending on the 
equipment in use. "375 


Videocystometry: The adjacent X-ray screening apparatus 
allows the synchronous display of pressure and flow, and 
also radiographic data relating to bladder morphology, 
ureteric reflux and the appearances of the bladder outlet 
and urethra, to be displayed alongside the numerical data 
on a video display unit. The monitor images are recorded 
on video tape allowing review and detailed study. 


Practical Tips for Conducting Cystometrography 


Before starting to fill the bladder, the residual urine may 
be measured. However, the removal of a large volume of 
residual urine may alter detrusor function, especially in 
the neuropathic disorders. Certain cystometric parameters 
may be significantly altered by the speed of bladder filling. 

During cystometry, it is taken for granted that the 
patient is awake, not anesthetized, and neither sedated 
nor taking drugs that affect bladder function. Any 
variations from this ideal must be taken into account when 
interpreting results. 

The failure of the bladder neck mechanism to relax 
occurs in a small percentage of young men resulting in a 
clinical entity of bladder neck obstruction (dyssynergia). 
This abnormality is evident during videocystometry if 
the patient is asked to inhibit micturition voluntarily. In a 
normal urodynamic study, contrast media will be milked 
back from the distal sphincter mechanism proximally 
through the bladder neck into the bladder, a normal stop 
test. If there is obstruction at the level of the bladder neck, 
contrast will be trapped between the bladder neck and 
external sphincter resulting a tear drop appearance of 
trapped contrast material in prostatic urethra. This is a 
reliable test for diagnosing the bladder neckhypertrophy.'*"® 


Normal Values of Urodynamic Study 


During cystometry, under normal circumstances the 
bladder should fill to a capacity of approximately 500 
mL before a strong desire to void is experienced. During 
subsequent bladder filling, whilst the patient is making a 
conscious effort to inhibit voiding, in practice the subtracted 
intravesical detrusor pressure should not rise significantly 
offits baseline value, although the International Continence 
Society recognizes a specific value as being essential to the 


diagnosis of detrusor instability (Fig. 74.15). In practice, 
we have found that, if there is pressure rise greater than 
15 cm of water, then detrusor instability can be said to be 
present. The only exception is represented by a gradual 
linear rise in pressure during detrusor filling, so-called low 
compliance, which, although clearly defined, remains as 
a poorly classified entity. During subsequent voiding, the 
patient’s bladder empties completely with a maximum 
detrusor pressure of 30-50 cm of water and a maximum 
urinary flow rate of 25-30 mL/second in men and 30-40 
mL/second in women.'*""8 


Definitions 
Compliance 


Itindicates the change ofthe volume forachangein pressure. 
Compliance is calculated by dividing the volume change 
(dV) by the change in detrusor pressure (dP det) during the 
change in bladder volume (C = dV/dP det). Compliance 
is expressed as mL per cm H,O. Noncompliance or poor 
compliance is illustrated in Figure 74.14. 


Filling Rate 


e Less than 10 mL per minute is slow fill cystometry 
(physiological filling). 

e 10-100 mL per minute is medium fill cystometry. 

e More than 100 mL per minute is fast-fill cystometry. 


Filling 
Bladder pressure (cm H,O) 


Voiding 


Abdominal pressure (cm H,O) 


Detrusor pressure (cm H,O) 


Flow (mL/s) 
15 mL/s 


Fig. 74.15: Detrusor overactivity 
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During Filling Phase 

The following parameters are observed during the 
urodynamic study: 

Pressures 


e Intravesical pressure 
e Abdominal pressure 
e Detrusor pressure. 


Sensation 


e Normal desire to void 
e Strong desire to void 


e Urgency 
e Pain. 
Bladder Capacities 


e Maximum cystometric capacity 
e Functional bladder capacity 
e Maximum esthetic capacity. 


Bladder Pressure Measurements during Micturition 


Opening time: It is the elapsed time from initial rise 
in detrusor pressure to onset of flow. This is the initial 
isovolumetric contraction period of micturition. Time lags 
should be taken into account. In most urodynamic systems, 
a time lag occurs which is equal to the time-taken for the 
urine to pass from the point of pressure measurement to 
the uroflow transducer. 

Premicturition pressure is the pressure recorded 
immediately before the initial isovolumetric contraction. 


Opening pressure: It is the pressure recorded at the onset 
of measured flow. 


Maximum pressure: It is the maximum value of the 
measured pressure. 


Pressure at maximum flow: It is the pressure recorded at 
maximum measured flow rate. 


Contraction pressure at maximum flow: Itis the difference 
between pressure at maximum flow and premicturition 
pressure. 

Postmicturition events (e.g. after contraction) are not 
well understood and therefore cannot be defined yet. 


Stop test: ‘The stop test is carried out by asking the patient to 
stop the voiding during micturition. If this demonstrates the 
presence of contrast trapped in the posterior urethra, it may 
indicate bladder neck obstruction. Women, particularly 
those with stress incontinence are often unable to carry out 
a stop test. 


Isometric pressure: Detrusor pressure measured at the 
time of the stop test. The significance of the isometric 
pressure is controversial. 


Residual urine: Residual urine is defined as the volume 
of fluid remaining in the bladder immediately following 
the completion of micturition. Normally residual volume 
should be 0 mL but practically postvoid residue (PVR) 
more than 100 mL is significant. When residual volume 
exceeds 300 mL, the condition may be described as 
chronic retention of urine. 


Postvoid residue 

e Higher the postvoid residual, weaker the bladder 
function or significant BOO 

e Normal volume of PVR is 0 mL 

e Postvoid residual of 100 mL or above is significant 

e Postvoid residual over 300 mL indicates chronic 
retention of urine. 

The measurement of residual urine forms an integral 
part of the study of micturition. However, voiding in 
unfamiliar surroundings may lead to unrepresentative 
results. 


Important points in the interpretation of residual 
volume: When estimating residual urine, the 
measurement of voided volume and the time interval 
between voiding and residual urine estimation should be 
recorded. This is particularly important if the patient is in 
a diuretic phase. 

In the condition of vesicoureteric reflux, urine may 
re-enter the bladder after micturition and may falsely be 
interpreted as residual urine. 

The presence of urine in bladder diverticula following 
micturition presents special problems of interpretation, 
since a diverticulum may be regarded either as part of the 
bladder cavity, or outside the functioning bladder. 

The absence of residual urine is usually an observation 
of clinical value, but does not exclude intravesical 
obstruction or bladder dysfunction. An isolated finding 
of residual urine requires confirmation. Postvoid residual 
less than 100 mL with high IPSS score demands further 
investigations. '®”!® 


Chapter 74 Urodynamic Studies 


Urethral Pressure Measurement 


The urethral pressure and the urethral closure pressure are 
the opposing force to detrusor pressure, which represent the 
ability of the urethra to maintain continence and prevent 
leakage. In current urodynamic practice, the urethral 
pressure is measured by a number of different techniques. 


Practical Application of Urethral Pressure Profile 


Measurements may be made at one point in the urethra 
over a period of time, or at several points along the urethra 
consecutively forming a urethral pressure profile (UPP). 
At rest, the urethral pressure profile denotes the 
intraluminal pressure along the length of the urethra. 
All systems zeroed at atmospheric pressure. For external 
transducers, the reference point is the superior edge of 
the symphysis pubis. For catheter-mounted transducers, 
the reference point is the transducer itself. Intravesical 
pressure should be measured to exclude a simultaneous 
detrusor contraction. The subtraction of intravesical 
pressure from urethral pressure produces the urethral 
closure pressure profile: 
e Resting urethral pressure profile: at rest (the storage 
phase), with the bladder at any given volume 
e Stress urethral pressure profile: during coughing or 
straining 
The principle of this study is to measure the 
transmission of pressure from the abdominal cavity to the 
urethra. In stress incontinence, this pressure transmission, 


which is thought to keep the normal urethra closed during 
stress, is inadequate (Figs 74.16A and B). The urethral 
closure pressure becomes negative on coughing. 41971 
During voiding, voiding urethral pressure profilometry 
(VUPP) is done. The VUPP is used to determine the 
pressure and site of urethral obstruction. Pressure is 
recorded in the urethra during voiding. The technique is 
similar to that used in the UPP measured during storage. 


Techniques of Urethral Pressure Profilometry 


Three techniques are described to perform urethral 
pressure profilometry. The perfusion method, the oldest 
technique, the balloon catheter profilometry and the most 
modern catheter mounted transducer technique. 


Perfusion method: A dual lumen catheter with two holes 
at the tip, 5 mm apart is withdrawn down the urethra; while 
the catheter is constantly perfused at a set rate by using a 
syringe pump. Continuous pressure is monitored through 
the other lumen of the catheter. 


Balloon catheter pressure profilometry: This technique 
uses a soft balloon mounted on a catheter. The pressure 
is transmitted by a fluid column to the external pressure 
transducer. 


Catheter mounted transducer: A miniature pressure trans- 
ducer is mounted over the catheter; when gently pulling out 
through the urethra, it will record the pressure in the urethra 


5:00 


Event type: Valsalva 
|B] 


Figs 74.16A and B: Videourodynamic study illustrating type Ill stress urinary incontinence intrinsic sphincter deficiency in a 65-year-old 
woman. Static cystogram reveals obvious contrast leakage via the urethra during Valsalva maneuver. Urodynamic study records 
abdominal leak point pressure of 55 cm H,O, consistent with intrinsic sphincter deficiency 
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instantly. The catheters are highly expansive and too fragile 
but can provide most accurate data for studying SWI or SUI. 


The following parameters recorded in UPP: 

Maximum urethral pressure: It is the maximum pressure 
of the measured profile. 

Maximum urethral closure pressure: It is the maximum 
difference between the urethral pressure and the 
intravesical pressure. 

Functional profile length: It is the length of the urethra 
along which the urethral pressure exceeds intravesical 
pressure. 

Functional profile length (on stress): It is the length over 
which the urethral pressure exceeds the intravesical 
pressure on stress. 


Comment 


Urethral pressure profilometry has, in recent years, enjoyed 
a disproportionate amount of attention. The results 
obtained are extremely susceptible to artifacts and the 
degree of relaxation of the patient. In particular this study 
can be uncomfortable for the patients, especially males. 

The information gained from urethral pressure 
measurements in the storage phase is of limited value in 
the assessment of voiding disorders. Total profile length is 
not generally regarded as a useful parameter. 

Voiding urethral pressure profilometry is not yet fully 
developed as a technique and a number of technical, as 
well as clinical problems need to be solved before the 
VUPP is widely used. 


Electromyography 


Electromyography is the study of electrical potentials 
generated by the depolarization of muscle and in this 
context, refers to urethral sphincter striated muscle 
EMG. The functional unit in EMG is the motor unit. This 
is comprised of a single motor neuron and the muscle 
fibers supplying it which results from activation of a 
single anterior horn cell. Muscle action potentials may 
be detected either by needle electrodes, or by surface 
electrodes.” ”* 


Technique 


Needle electrodes (concentric, bipolar, monopolar and 
single fiber) are placed directly into the muscle mass, 
which permit visualization of the individual motor unit 
action potentials. 

Surface electrodes (skin, anal plug and catheter) are 
applied to an epithelial surface as close to the muscle 


(under study) as possible. Surface electrodes detect the 
action potentials from groups of adjacent motor units 
underlying the recording surface; they can be difficult to 
secure adequately and provide less reproducible results. 

Electromyogram should be interpreted in the light of 
the patient’s symptoms, physical findings, and urological 
and urodynamic investigations (Figs 74.16A and B). The 
main clinical indication for EMG studies is as an adjunct 
to videocystometrography to distinguish between striated 
and smooth muscle in distal urethral obstruction of a 
neuropathic type. Other EMG studies provide interesting 
scientific information, which however, rarely alters the 
clinical management of patients. 


Nerve conduction studies: Nerve conduction studies 
involve stimulation of a peripheral nerve and recording 
the time for a response to occur in muscle, innervated by 
the nerve under study. 


Reflex latencies: Reflex latencies require stimulation 
of sensory fields and recordings from the muscle, which 
contracts reflexly in response to the stimulation. Such 
responses are a test of reflex arcs, which comprise such 
afferent and efferent limbs and a synaptic region within 
the central nervous system. The reflex latency expresses 
the nerve production velocity in both limbs of the arc and 
the integrity of the central nervous system at the level of 
the synapse(s). Increased reflex tendency may occur as a 
result of slowed afferent or efferent nerve production, or 
due to central nervous system conduction delays. 


Sensory testing: Limited information, of a subjective 
nature, may be obtained during cystometry by recording 
such parameters as the first desire to micturate, urgency 
or pain. However, sensory function in the lower urinary 
tract can be assessed by semi-objective tests, which rely 
upon the measurement of urethral and/or vesical sensory 
thresholds to a standard applied stimulus such as a known 
electrical current. 

The vesical/urethral sensory threshold is defined as 
the least current which consistently produces a sensation 
perceived by the subject during stimulation at the site 
under investigation; the absolute values will vary in 
relation to the site of the stimulus, the characteristics of the 
equipment and the stimulation parameters. 


Ambulatory Urodynamics 


Urodynamics is the gold standard investigation for the 
lower urinary tract dysfunction, but still in a significant 
number of cases the test is negative. Ambulatory 
urodynamic monitoring overcomes with some of the 
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Fig. 74.17: Ambulatory urodynamics and its tracing 


limitations with natural bladder filling, and the patient is 
fully ambulant and able to carry out everyday activities, 
which may provoke the symptoms.” 


Techniques of Ambulatory Urodynamics 


The equipment needed for the test is vesical and rectal 
catheter, a portable data storage device and a personal 
computer for processing of the data. 

After catheter insertion in bladder and in rectum, the 
battery operated data storage system is connected with 
the catheters and the patient is encouraged to perform 
normal activity with the storage device. Next morning, the 
patient returns back with the recording device. A computer 
processes the data and the graphs are plotted which may 
show the type of bladder dysfunction during a particular 
time (Fig. 74.17). 


Comments 


Ambulatory urodynamics is highly expansive test with a 
low sensitivity and specificity. Despite of high expectation, 
the test has never gained popularity. For the above reasons, 
this test should be reserved for the most difficult problems. 


Upper Urinary Tract Urodynamics 


The Whitaker Test 


In 1973, a second consultant urologist, Bob Whitaker (Fig. 
74.18), was appointed to Cambridge University Hospitals 


Fig. 74.18: Bob Whitaker 


NHS Foundation Trust. Bob had trained under John 
Blandy, one of the founding fathers of British urology, 
at the London hospital and brought with him a specific 
expertise in endoscopic surgery as well as a research 
interest in obstruction of the upper urinary tract; the 
“Whitaker test” remains in the armamentarium of most 
urologists practicing today. 

Under normal circumstances, urine accumulates in the 
renal pelvis at a resting pressure of less than 5 cm of H,O. 
The pelvic pressure rises to 10 cm H,O once distended and 
urine enters the ureter to be transported as a bolus to the 
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bladder by ureteric peristalsis at pressures between 20 cm 
and 60 cm H,O. Efficient peristalsis is dependent upon the 
ureteric walls being able to oppose. Ureteric dilatation, 
whether obstructive or not, or disorders of wall mobility 
prevent the ureteric walls opposing, compromizing the 
efficient transport of urine and tubular flow. 

The normal response of the upper tract to obstruction 
at or above, the vesicoureteric junction is an increase in 
the rate of ureteric and pelvic peristalsis and eventual 
dilatation. Dilatation of ureter causes uncoordinated 
peristalsis and eventually become decompensated, 
resulting inefficient transport of urine. As flow is reduced 
down the ureter, pressure rises are first transmitted to the 
collecting ducts, then along the tubules to the glomeruli. 
Ifthere is not parallel increase in the glomerular hydrostatic 
pressure, filtration will eventually stop. 

Pressure flow studies involve the perfusion of the 
kidney with contrast at a known rate, whilst simultaneously 
measuring the pressure within the renal pelvis and bladder. 
Significant rises in pressure are indicative of obstruction, 
whilst free drainage at low pressure excludes obstruction. 
Urodynamic system is a preconfigured procedure with two 
pressure channels (p1 and p2). The configuration could 
also utilize a subtracted pressure channel if available. Set 
an infusion rate appropriate for the patient (adult: 12-18 
mL/minute, PEDI: 8-10 mL/minute); assemble associated 
hardware and supplies for pressures and infusion pump; 
and two-dual lumen urodynamic catheters (Fig. 74.19). 
Infusion solution is usually isotonic saline and contrast 
medium. Infusion is performed under direct fluoroscopic 
observation. 

The test result can be calculated manually or viewed 
on a subtracted pressure channel. The Whitaker test is 


Dual lumen 
catheter inserted 
into renal pelvis 


Contrast 
infusion 4 = 
Pressure J 


transducer 


Catheter in bladder 
to measure Pes 


Pressure 
transducer 


Fig. 74.19: Principles of Whitaker test 


considered positive (for functional ureteral obstruction) 
when the differential pressure (p1 minus p2) is greater 
than 15 cm H,O. 


Technique 


The Whitaker test is performed in the conscious patient 
at least 24 hours after insertion of a nephrostomy tube. 
Bladder pressure is measured via a urethral catheter 
connected to the transducer. Renal pelvic pressure can 
be measured through a nephrostomy tube, or through 
a needle placed in the collecting system at antegrade 
pyelography (Fig. 74.20). 

Puncture technique needs to be as good as any leak for 
the collecting system degrades the information that pressure 
studies will provide. Through one arm of a “Y” connector, 
dilute contrast used at an initial rate of 10 mL/minute, whilst 
the other arm ofthe “Y” connector is connected to a pressure 
transducer recording renal pelvic pressure in response 
to perfusion. Perfusion at 10 mL/minute is considered 
as physiological. The bladder pressure is continuously 
measured and the subtracted pressure automatically 
calculated. Simultaneous fluoroscopy defines the anatomy 
of the urinary tract and spot films can be taken.™* 


Fig. 74.20: A 2-year-old boy presented with bilateral hydro- 
nephrosis. In spite of bilateral nephrostomies (including two 
placed in different calyces on the right) and a Foley's catheter, 
his ureters remained much dilated. To assess the ureterovesical 
junction for obstruction, a urinary Whitaker test was requested. 
Supine view of the left collecting system is shown in figure during 
the left urinary Whitaker test. Note the hydronephrosis on the left, 
the dilated ureter and the trabeculated bladder 
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Practical Points 


Using this technique, a pressure difference between the 
upper and lower urinary tract of less than 15 cm H,O 
excludes obstruction. If the renal pelvic pressure exceeds 
the bladder pressure by more than 12 cm H,O, obstruction 
is confirmed. 

Pressure differentials between 15 cm and 22 cm of H,O 
lie in the equivocal range. If both the bladder and pelvic 
pressure rise equally together, indicates vesicoureteric 
reflux has occurred. Pelvic pressure over 22 cm, obstruction 
is confirmed. 

Higher rates of perfusion have been advocated, but are 
of the debatable clinical usefulness. 

In the patient with a urinary diversion, e.g. ileal loop, 
loin pain is quite frequent because of the high pressures 
generated by bowel peristalsis refluxing up the reimplanted 
ureters. The extent of this can easily be assessed by upper 
tract urodynamics. 


Comment 


The principal value of upper tract urodynamics lies in 
allowing an accurate objective assessment as to whether 
there is obstruction to renal drainage. It is an invasive 
procedure, since a percutaneous nephrostomy tract is 
required. Its use should be reserved for the case where 
other investigations, such as excretory urography or 
isotope renography, have produced equivocal results.***6”” 


Some Urodynamic Definitions 
Stable Detrusor Function 


During filling the bladder contents increase in volume 
without a significant corresponding rise in pressure. 


Normal Detrusor Contractility 


Normal voiding occurs by a sustained detrusor contraction, 
which can be initiated and suppressed voluntarily and 
results in complete bladder emptying over a normal time 
span; the magnitude of the recorded detrusor pressure rise 
is dependent on the outlet resistance. 


Overactive Detrusor Function 


Spontaneous involuntary detrusor contractions during 
bladder filling are the most important feature of over active 
bladder. This involuntary premature contractions may also 
be provoked by rapid filling (provocation cystometry), 
alterations in posture, exercise or coughing. 


The Unstable Detrusor 


It is the one that is shown objectively to contract either 
spontaneously or on provocation during the filling phase 
while the patient is attempting to inhibit micturition. The 
unstable detrusor may be asymptomatic and its presence 
does not necessarily imply a neurological disorder. 


Detrusor Hyper-reflexia 


Detrusor hyperactivity in the presence of a documented 
neurological disorder. 


Low Compliance 


During normal bladder filling, little or no significant rise in 
pressure occurs, so-called normal compliance. Although 
the term “low compliance” is applied to a gradual rise in 
detrusor pressure during bladder filling and is usually 
taken to imply a poorly distensible bladder, e.g. ashrunken 
fibrotic bladder complicating interstitial cystitis or after 
radiotherapy, it must be remembered that both detrusor 
instability and hyper-reflexia are forms of low compliance 
and that, at present, there is insufficient data to define 
normal, high and low compliance. 


Underactive (Hypocontractile) Detrusor Function 


This is taken to be referring to detrusor activity during 
micturition. The term underactive bladder applies to all 
situations where a detrusor contraction is inadequate to 
produce effective emptying of the bladder. 


Areflexic Detrusor 


A contractility resulting from an abnormality of the central 
nervous system is called areflexic detrusor. A specific 
type occurs with lesions of the conus medullaris or sacral 
nerve outflow and is known as a decentralized detrusor 
where the peripheral ganglia in the wall of the bladder 
are preserved and peripheral nerves are therefore intact. 
This subgroup is characterized by involuntary intravesical 
pressure fluctuations of low amplitude, sometimes called 
“autonomous waves’. 


Detrusor Bladder Neck Dyssynergia 


This refers to a condition where detrusor contraction is 
not coordinated with concurrent bladder neck opening on 
micturition. It is a common cause of voiding dysfunction 
in the younger male. It is important to realize that, a 
component of prostatic obstruction may be also from the 
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Fig. 74.21: Urodynamic study revealing detrusor sphincter dyssynergia in a 35-year-old woman with C5 spinal cord injury. Note the 
absence of uninhibited detrusor contractions during the filling CMG. Typically, patients with cervical cord lesions manifest detrusor 
hyper-reflexia. However, this patient is taking Ditropan XL. Thus, phasic contractions are suppressed. During the pressure-flow study, 
note the increase in amplitude of the electromyogram coincident with detrusor contraction and voiding. Her uroflow rate is low (1 mL/ 
second), detrusor pressure is high (42 cm H,O) and the electromyography recording is elevated 
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PRELUDE 


The problem of stress urinary incontinence (SUI) in 
female is as old as civilization but only recently it has 
received extensive importance. Today, increasing 
number of patients are seeking for the treatment of stress 
incontinence and this has sparked the health management 
system to organize extensive research and to develop 
new treatment. 


Ajit Vaje 


DEFINITION 


Stress urinary incontinence may be defined as involuntary 
loss of urine during the physical activity without any 
detrusor contraction. It may be seen in both male and 
female patients but more commonly in women. The 
amount of urine loss is usually small with physical activity 
butis embarrassing and quality of life deteriorates with the 
degree of stress incontinence. Five to ten percent of women 
of age 35-65 years are common victim. It is very rare in 
nulliparous women and the incidence of incontinence 
increases with parity.’ 


HISTORY 


Kelly in 1913, described anterior vaginal repair is the oldest 
surgical procedure for correcting stress incontinence. 
Kelly believed the cause of stress incontinence was an 
incompetent urethra. Anterior vaginal repair was designed 
to correct this condition. In 1949, the Marshall-Marchetti- 
Krantz (MMK) operation was described. The suspension 
sutures were placed within the urethral wall and tied to 
the periosteum of the pubic symphysis. The original MMK 
operation was complicated by urethral obstruction and 
erosion because the surgical sutures were placed directly 
into the urethral wall. 

In 1961, Burch reported a modification of the MMK 
operation. The modifications involved placing the 
surgical sutures at the bladder neck and tying them to 
the Cooper’s ligament. The original transvaginal bladder 


Stress Urinary Incontinence 


neck suspension was described by Pereyra in 1959. Many 

modifications of the Pereyra transvaginal bladder neck 

suspension exist today. They include Stamey (1975), 

Raz (1981) and Gittes’ (1987) bladder neck suspensions. 

Although initial success rates were quite promising, 

the long-term success rate with transvaginal bladder 

neck suspensions has been disappointing; they are now 
considered as substandard treatment options. 

Sling procedures, first introduced by Ulmsten (1995), 
are gaining in popularity for all types of female SUI. 
Various slings have been introduced to the market since 
the mid 1990s, offering both retropubic and transobturator 
approaches. Historically, the indication for a sling 
procedure was limited to women with severe intrinsic 
sphincter deficiency (ISD). However, it has been expanded 
to include all types of stress incontinence.’ 

Female SUI may be broadly subcategorized into type I, 
II and II as follows: 

e Type I: Stress urinary incontinence is defined as urine 
loss occurring in the absence of urethral hypermobility. 
This is the mildest form of SUI. 

e Type II: Stress urinary incontinence is defined as urine 
loss occurring due to urethral hypermobility. This is 
also known as genuine stress urinary incontinence. 

e Type III: Stress urinary incontinence is defined as urine 
leakage occurring from an ISD. Intrinsic sphincter 
deficiency is a more complex form of female SUI. 

The subcategories of female SUI can be ascertained 
by direct physical examination and by measuring an 
abdominal leak point pressure (ALPP). Abdominal leak 
point pressure, also known as the Valsalva or stress leak 
point pressure, is defined as the lowest abdominal pressure 
necessary to cause urine leakage. 


MECHANISM OF STRESS INCONTINENCE 
IN FEMALE 


Most important anatomical changes that happen in 
females with stress incontinence is the descent of bladder 
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Uterus 


Bladder 


Urethra 
Vagina 


Fig. 75.1: Longitudinal section through the pelvis 


base along with the intra-abdominal part of urethra 
below the pelvic floor. Diagram of longitudinal section 
through the normal pelvis is shown in Figure 75.1. This 
intra-abdominal part of urethra is extremely important to 
prevent the involuntary loss of urine during the physical 
activity which causes very high intra-abdominal pressure, 
which is also transmitted to the bladder, giving rise to 
very high intravesical pressure, although the bladder is 
not contracting. 

In normal persons, this high intravesical pressure 
which is transmitted from the intra-abdominal pressure 
is also transmitted into the intra-abdominal part of the 
urethra, and pressure cancels each other and the patient 
remain continent. When the bladder base is descended, the 
intra-abdominal part of the urethra also descends below 
the urogenital diaphragm. Now, the abdominal straining 
will result high pressure which will be transmitted into 
the bladder and now the intravesical pressure will exceed 
the urethral resistance resulting involuntary loss of urine 
during physical activity.’® 


MECHANISM OF STRESS INCONTINENCE IN MALE 


Most common cause of stress incontinence in male 
is sphincter weakness as a result of prostatic surgery 
especially radical prostatectomy. Transuretheral 
resection of the prostate-induced sphincter weakness 
incontinence (SWI) is approximately 0.5% but after radical 
prostatectomy this may be as high as 30%. Minor degree 
of post-prostatectomy incontinence is presented as stress 
incontinence but in severe degree they usually presented 
as continuous dribbling of urine.'® 


CLASSIFICATION 


It is helpful to isolate the two different types of stress 
incontinence in order to plan an effective treatment. 
Conveniently, they may be classified into: 

1. Anatomic incontinence (AI) 

2. Sphincter weakness incontinence. 


Anatomic Incontinence 


Considering the bladder neck and proximal urethra 
together as the primary sphincter unit, patients with AI are 
incontinent because the sphincter unit is malpositioned 
and/or hypermobile. The sphincter is functionally normal 
but poorly supported. 

There is loss of intra-abdominal segment of urethra 
because of decent of vesicourethral segment due to poor 
pelvic support. This intra-abdominal segment of urethra is 
absolutely essential for continence during the high intra- 
abdominal pressure. The raised abdominal pressure is 
transmitted equally on the intra-abdominal part of the 
urethra and thus they cancel each other. Thus increase in 
intra-abdominal pressure is inappropriately transmitted 
to the bladder but not to the urethra, so urine is forced out 
of the bladder. 

Sphincter unit is malpositioned/hypermobile; 
functionally normal but poorly supported. 


Sphincter Weakness Incontinence 


Patients with SWI have a damaged or incompetent 
sphincter unit in a normally supported anatomic position. 
The sphincter is functionally ineffective because of fibrosis, 
scarring and neurologic or vascular injuries that prevent 
proper co-optation of the walls of the urethra. Patient with 
SWI has severe incontinence due to the sphincter weakness 
related to minimum physical activity and they complain 
of constant leak classically seen in post-prostatectomy 
incontinence. All the patients with severe incontinence 
should be suspected for having sphincter dysfunction and 
should be investigated with urodynamics preferably with a 
video-urodynamics.** 

Sphincter may be functionally ineffective due to: 
e Fibrosis 
e Scarring 
e Neurologic deficit 
e Vascular injury. 


WORK-UP OF STRESS URINARY INCONTINENCE 


The history is very useful to determine the nature, duration 
and severity of incontinence. Physical examination in 
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female patient should include a speculum examination, 
bimanual pelvic rectal examination. In lithotomy position, 
when the bladder is full, the patient may demonstrate 
leak when she is asked to give six coughs (six-cough test). 
Presence of cystocele and rectocele should be noted 
during speculum examination. 

Work-up for SUI includes: 

e History 

e Physical examination 

— Speculum examination 
e Bimanual pelvic rectal examination 
e Six-cough test in full bladder 
e Digital rectal examination in male patient 
e Pad test 
e Marshall-Bonney test 
e (Q-tip test 
e Urine for culture and sensitivity and cytology 
e Serum prostate specific antigen 
e Ultrasound scans 
e Urodynamic study. 

In male patient, the rectum and the prostate should 
be examined. In addition to the above, the following 
examinations may have significant contribution in making 
a confident diagnosis. 


Pad Tests 


This is an objective test that documents urine loss. 
Intravesical methylene blue or oral pyridium or urised 
may be used. Methylene blue and urised turn urine blue; 
pyridium turns urine orange. Patients should resume their 
usual physical activities while wearing a peri-pad. If the 
pads turn to orange or blue, the patient is experiencing 
urine loss. If the pads remain white, it is most likely normal 
vaginal fluid. Pad tests may be used to quantify the amount 
of urine lost during 24-hours period. The wet pads are 
weighed and the weight of the dry pads subtracted, leaving 
the weight of urine lost. 


The Marshall-Bonney test 


The Marshall-Bonney test is performed during the pelvic 
examination by asking the patient to bear down or cough 
with a full bladder. If incontinence is observed, the test 
is repeated after the urethra is gently elevated (but not 
obstructed) by two fingers placed inside the vagina. 
If incontinence is corrected by this maneuver, which 
is a positive test result, indicates that urethropexy or 
colposuspension should be successful. Although many 
authorities place a little importance in this aspect of the 
Marshall-Bonney test, the objective demonstration of 
stress incontinence is more valuable. 


The Q-Tip Test 


The Q-tip test is used to diagnose urethral hypermobility. 
After a sterile Q-tip is placed within the urethra, the patient 
is asked to cough or bear down. The normal urethra 
allows little movement of the shaft of the Q-tip during this 
maneuver. With urethral hypermobility, there is obvious 
movement. Other factors should be taken into account 
during the initial evaluation such as presence or absence 
of urgency, overall general condition, patient’s lifestyle 
and his/her expectation. Although urethral hypermobility 
is usually quantitated visually, some physicians prefer to 
quantitate the urethral movement with a cotton-swab test, 
although this test has never been clinically validated. To 
properly perform a cotton-swab test, place the patient in a 
dorsal lithotomy position. Make sure the examining table is 
parallel to the floor. Insert a sterile, well-lubricated cotton 
swab into the urethra until the cotton-portion is completely 
in the bladder. Then, gently pull back on the cotton-swab 
until the cotton is snug against the bladder neck. 

Measure the angle between the cotton-swab and 
the floor with a protractor. Women with normal pelvic 
anatomy should have a resting cotton-swab angle of 0° 
with respect to the floor. Ask the patient to Valsalva (strain) 
and cough. An abnormal upward deflection of the cotton- 
swab (> 30°) by Valsalva maneuver is evidence of urethral 
hypermobility. The absence of hypermobility suggests that 
the cause of the stress incontinence is ISD. 


Voiding Diary 


A voiding diary is a daily record of the patient's bladder 
activity. It is an objective documentation of the patient's 
voiding pattern, incontinent episodes and inciting events 
associated with urinary incontinence. 


Cough Stress Test 


e A critical part of the pelvic examination is the direct 
observation of urine using the cough stress test or 
Marshall’s test. 

e sterile catheter is inserted into the urethra. 

e The bladder is filled to 200-250 mL with water. 

e ‘The catheter is removed. 

e ‘The observation of leakage during valsalva or cough 
denotes a positive test result. 


Standing Pelvic Examination 


e A standing pelvic examination is performed if the 
results of pelvic examination fail to demonstrate urine 
loss or if pelvic organ prolapse is suggested. 
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e If the cough leak test is initially performed with the 
patient in the lithotomy position and no leakage is 
observed, then this test should be repeated with the 
patient in the standing position. Observable urine 
leakage in this position constitutes a positive test result. 

e Ifany doubt remains about pelvic organ prolapse, the 
patient should be examined in the standing position. 
The patient stands with legs apart with one foot resting 
on a step stool. When the patient performs the Valsalva 
maneuver, the force of gravity helps the pelvic organs 
(i.e. uterus, bladder) slide down the vagina to enhance 
the diagnostic potential. If pelvic prolapse is present, 
the prolapsed organ should be pushed up either with 
a pessary or gauze and the cough stress test should be 
repeated with the patient in the standing position. 


Laboratory Studies 


e Urinalysis and urine culture: Urinary tract infections 
can cause irritative voiding symptoms and urge 
incontinence. 

e Urine cytology: Carcinoma in situ of the urinary 
bladder can cause symptoms of urinary frequency and 
urgency. Irritative voiding symptoms disproportionate 
to the overall clinical picture and/or hematuria warrant 
urine cytology and cystoscopy. 

e Blood urea nitrogen and creatinine levels are checked 
if compromised renal function is suggested. These tests 
are helpful for patients in whom poor renal function, 
obstructed ureters, or urinary retention is suggested. 


Ultrasound Scan of Urinary Tract 


The postvoid residual (PVR) urine measurement may be 
a part of the basic evaluation for urinary incontinence if 
symptoms of failure to empty urine are noted. To determine 
the PVR urine volume, either a bladder ultrasound or 
urethral catheter may be used. If the PVR volume is high, 
the bladder may be acontractile or the bladder outlet may 
be obstructed. Both of these conditions cause urinary 
retention with overflow incontinence. 


Uroflowmetry 


Uroflowmetry is a useful screening test, mainly for 
evaluating bladder outlet obstruction. Uroflow is the 
volume of urine voided per unit of time. A low uroflow 
rate may reflect urethral obstruction, a weak detrusor or 
a combination of both. These test results alone cannot 
help distinguish between obstruction and acontractile 
detrusor. To properly diagnose bladder outlet obstruction, 
perform pressure-flow studies. 


Urodynamic Study 


Filling Cystometrogram 


In 40% of patients, stress and urge incontinence 
coexist. In many instances, stress incontinence may 
lead to the development of urge incontinence. A 
filling cystometrogram helps assess bladder capacity, 
compliance, and the presence of phasic contractions. 
Most commonly, liquid filling medium is used. An average 
adult bladder holds approximately 450-500 mL of urine. 
During the test, provocative maneuvers help to unveil 
bladder instability. 


Abdominal Leak-Point Pressure 


An important component of multichannel urodynamic 

studies is the determination of ALPPs. Abdominal leak 

point pressures allows SUI to be classified based on the 

severity of ISD. Importantly, note that a normal leak-point 

pressure should approach infinity. In other words, patients 

with a normal continence mechanism can generate intra- 

abdominal pressures high enough to cause fainting but not 

to provoke stress incontinence. The historical references of 

ALPP associated with outdated classification systems are 

as follows: 

e Type I SUI: Abdominal leak point pressure of greater 
than 120 cm water 

e Type I SUI: Urethral hypermobility and ALPP of 90-120 
cm water 

e Type I/II SUI: Urethral hypermobility, ISD and ALPP 
of 60-90 cm water 

e Type Il SUI: Intrinsic sphincter deficiency and ALPP of 

0-60 cm water. 

The ALPP should be measured when the bladder is 
half full (i.e. 250 mL), and both the Valsalva and coughing 
maneuvers should be performed. Initially, instruct the 
patient to bear down in gradients (i.e. mild, moderate and 
severe) and then note the ALPP as the lowest intravesical 
pressure at which leakage is observed. If Valsalva 
maneuvers fail to produce the desired response, instruct 
the patient to cough in gradients (i.e. mild, moderate 
and severe) to obtain the ALPP. The lowest intravesical 
pressure at which leakage is seen is the ALPP. The ALPP 
obtained with a Valsalva maneuver is more accurate than 
the cough-induced ALPP. However, both the techniques 
should be used if Valsalva maneuvers fail to manifest 
SUI. Alternatively, both Valsalva and cough-induced 
ALPP may be repeated by increasing the bladder volume 
in 100 mL increments beyond 250 mL. Increasing the 
bladder volume reportedly increases the sensitivity of 
detecting ALPP.*°*"! 
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Voiding Cystometrogram (Pressure-Flow Study) 


e A pressure-flow study simultaneously records the 
voiding detrusor pressure and the urinary flowrate. This 
is the only test able to help assess bladder contractility 
and the extent of a bladder outlet obstruction. 

e Pressure-flow studies can be combined with a voiding 
cysto urethrogram (VCUG) and video-urodynamic 
studies for complicated cases of incontinence. 


Video-urodynamics 


Video-urodynamic studies are the criterion standard for the 
evaluation of an incontinent patient. Video-urodynamic 
studies combine the radiographic findings of a VCUG 
and multichannel urodynamics. A video-urodynamic 
study is the most sophisticated diagnostic test for an 
incontinent patient. 

‘The testing begins by draining the bladder. A urodynamic 
urethral catheter [i.e. 7 Foley (F) Cook dual-lumen pigtailed 
catheter], rectal tube and electromyography (EMG) 
electrodes are then placed. 

Rotate the patient to a sitting position and equalize 
the transducers. Commence bladder filling using room- 
temperature contrast (Conray). Cold water may evoke 
false-positive detrusor contractions (phasic contractions). 
Fill the bladder at a medium rate (e.g. 60 mL/minute). 
Assess the first sensation of filling fullness, and assess 
urge. Note bladder compliance and mark the presence of 
uninhibited detrusor contractions. 

When the bladder is filled to 250 mL, measure the 
ALPP. Instruct the patient to perform valsalva maneuvers 
in gradients (i.e. mild, moderate and severe), followed by 
cough (i.e. mild, moderate and severe). Observe for urine 
leakage fluoroscopically and by direct inspection. At this 
point, assess the activity of the bladder neck, urethral 
mobility and the presence of cystocele using fluoroscopy 
(static cystogram). 

Upon completion of ALPP testing, finish the filling 
cystometrogram to completion. When the patient has a 
strong desire to void, perform a voiding cystometrogram 
(pressure-flow study). At this point, note urodynamic 
parameters such as maximal flow rate and detrusor 
pressure at maximal flow rate. 

During the voiding cystometrogram, note the activity 
of the EMG electrodes and VCUG for possible detrusor 
sphincter dyssynergia (DSD). Confirm the presence of DSD 
by increases in EMG activity during detrusor contraction 
or closure of the external sphincter on VCUG images 
during voiding. After the patient voids to completion, the 
video-urodynamic study is complete. 


Electromyography 


e Findings from EMG help to ascertain the presence of 
coordinated or discoordinated voiding. 

e Failure of the urethra to relax during bladder 
contraction results in discoordinated voiding DSD. 


Cystogram 


A static cystogram (anteroposterior and lateral) helps 
to confirm the presence of stress incontinence, degree 
of urethral motion and presence of cystocele. Intrinsic 
sphincter deficiency is evident by the presence of an open 
bladder neck. The presence of a vesicovaginal fistula may 
also be noted. 

A VCUG can help assess bladder neck and urethral 
function (internal and external sphincter) during both 
filling and voiding phases. The results of a VCUG can help 
identify a urethral diverticulum, urethral obstruction and 
vesicoureteral reflux. 


Cystoscopy 


The precise role of cystoscopy in the evaluation of female 
urinary incontinence is controversial. Fewer than 2% 
of bladder tumors have been identified by routinely 
performing cystoscopy in incontinent women. On the 
other hand, cystoscopy helps detect bladder lesions 
such as stitch in the bladder, bladder cancer and bladder 
stones, which would otherwise remain undiagnosed only 
if urodynamic findings are assessed. A visual inspection 
of the urethra helps establish the presence of urethral 
stricture or gross evidence of poor urethral closure. 

The general agreement is that cystoscopy is indicated 
for patients with persistent irritative voiding symptoms or 
hematuria. Obvious causes of bladder overactivity, such 
as cystitis, stone and tumor, can be easily diagnosed. This 
information is important in determining the etiology of the 
incontinence and may influence treatment decisions. Many 
urologists perform urethroscopy to assess the structure 
and function of the urethral sphincter mechanism. 


Dynamic Retrograde Urethroscopy 


The cystoscope is introduced into the bladder. The bladder 
is filled to 250 mL with irrigant. The flow of the irrigant 
is turned off. The cystoscope is withdrawn to the mid 
urethra. The activity of the urethral sphincter mechanism 
is observed at rest and with Valsalva maneuvers. 

Patients with mild ISD have a closed bladder neck at 
rest and have an intact voluntary guarding reflex. Patients 
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with severe ISD have an open bladder neck at rest and 
have an impaired voluntary guarding reflex.) 


TREATMENT OPTIONS 


Two types of stress incontinence have been described: 

l. Stress urinary incontinence due to hypermobile 
urethra 

2. Stress urinary incontinence 
sphincteric weakness. 

Hypermobility of the bladder neck and proximal 
urethra results from a weakening or loss of their supporting 
elements (ligaments, fasciae and muscles), which in 
turn may be a consequence of aging, hormonal changes, 
childbirth and prior surgery. 

It seems likely that the majority of women with SUI will 
also have an element of intrinsic sphincteric weakness with 
a variable degree of loss of the normal anatomic support 
of the bladder neck and proximal urethra, resulting in 
hypermobility. 

In the normal continent woman, the bladder neck and 
proximal urethra are supported in a retropubic position, 
with the bladder base being dependent. Increase in intra- 
abdominal pressure is transmitted to both the bladder 
and the proximal urethra such that the pressure difference 
between the two is unchanged, promoting continence. 

A valvular effect at the bladder neck created by the 
transmission of abdominal pressure to the dependent 
bladder base may also be operative here. Furthermore, 
with proper bladder neck support, reflex contraction of 
the pelvic floor muscles during Valsalva maneuvers and 
coughing acts as a backboard for urethral compression. 

Three basic strategies of treatment may be offered to 
the patients presented with SUI: 

1. Conservative therapy (nonpharmacologic 
nonsurgical) 

2. Pharmacological therapy 

3. Surgical therapy. 


due to intrinsic 


and 


Conservative Therapy 


It is important to explain the pathophysiology of 
incontinence and to reassure her that this is not going 
to be life threatening and satisfactory treatment is 
available (Box 75.1). 


Box 75.1: Conservative therapy 


Kegel Pelvic Floor Exercise 


It was named by Dr Arnold Kegel, gynecologist from 
California. Contraction of the pubococcygeus muscles 
vigorously without contracting abdominal or buttock 
muscles may increase the bulk of the elevator musculature. 
They may increase the resting tone of the urethra and 
improve the support of the sphincter unit during stress. 
It may strengthen the reflex contraction of the pelvic floor 
that occurs with increase in intra-abdominal pressure. 
Clinical improvement does seem to correlate roughly with 
improved strength of contraction. 


Electrical Stimulation 


Electrical stimulation of the pelvic floor by vaginal or anal 
probe was designed as a therapy for stress incontinence 
but these units are quite expensive and the long-term 
results was not found to be superior to pelvic floor exercise. 


Lifestyle Modification Techniques 


This is relatively a simple form of therapy that combines 
fluid restriction, reducing weight, timed or prompted 
voiding and pelvic floor exercises biofeedback is employed 
via a voiding diary. Anticholinergics often prescribed as a 
supplement. This form of therapy can equally be effective 
in urge incontinence. 


Pharmacological Therapy 
Medical therapy for SUI is described in Box 75.2. 


Alpha-Agonists 


A variety of alpha-agonist is available for the treatment of 
SUI. All have similar side effects and efficacy. Ephedrine 
25-50 mg or pseudoephedrine 30-60 mg qid have 
been used with success. They have significant systemic 
side effects including anxiety, hypertension, cardiac 
arrhythmias, insomnia and tremors. 


Estrogen 


Estrogen replacement therapy is postulated to increase 
mucosal seal effect of the urethra and thus facilitated 


Box 75.2: Medical therapy 
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the urine storage. Estrogen is beneficial for the patient 
with atrophic vaginitis. Estrogen may have beneficial 
effects on the genitourinary system, the skeletal system, 
and on emotional status of the postmenopausal women. 
Estrogen therapy may be given as a preoperative therapy 
before a colposuspension or other procedure to improve 
the results. In general, a sole treatment for SUI estrogen is 
not effective. 


Tricyclic Antidepressants 


Tricyclic antidepressants are used for its anticholinergic 
properties. In treating SUI, the principle effect is 
probably due to alpha stimulation of the bladder neck 
and urethra." 


Surgical Therapy 


Wide varieties of surgical treatment options for stress 
incontinence indicate the lack of a clear consensus as to 
which procedure is the most effective. Several groups 
have reviewed the literature, often using systematic 
and methodical analyses of well-designed randomized 
controlled trials. The standard treatment for SUI is 
surgery, if they failed to respond with medical therapies. 
Anterior colporrhaphy was describe by Howard Kelley 
in 1914, since then there were numerous modification of 
the techniques and new treatment strategies like bladder 
neck suspension was put forwarded. Currently endoscopic 
colposuspension, trans-sphincteric injection of bioplastic 
or collagens or artificial urinary sphincter have been 
described in the treatment of SUI. A brief account of these 
surgical techniques may be summarized as: 

e Transvaginal procedure 

e Retropubic procedure 

e Pubovaginal sling procedures 

e Transurethral procedure 

e Artificial urinary sphincter. 


Transvaginal Procedure 


Anterior colporrhaphy is commonly used to repair mild 
stress incontinence, especially when associated with 
cystocele or rectocele. Through a vaginal incision, the 
bladder neck and urethra are exposed. The pubocervical 
fascia is sutured in the midline to provide support for 
the bladder neck. Although the success rate of anterior 
colporrhaphy (65%) is not as high as that of suprapubic 
procedures but if anterior colporrhaphy can correct 
coexistent prolapse, is very well tolerated, and has a low 
morbidity rate. 


Marshall-Marchetti-Krantz Colposuspension: All patients 
receive intravenous antibiotics preoperatively. The patient 
is placed in a modified lithotomy position or in a supine 
position with the lower extremities in a frog-leg position. The 
abdomen and genitalia are prepared and draped in sterile 
fashion. A Foley’s catheter is placed. 

A transverse suprapubic incision is made, and the 
anterior rectus fascia is incised. The bladder and the 
bladder neck are identified. The bladder neck is identified 
by palpation of the Foley balloon. Placing a hand in the 
vagina facilitates identification of the bladder neck. 

The prevesical fat is dissected off the bladder and the 
bladder neck. Two or three nonabsorbable suspension 
sutures (e.g. 1-0 prolene) are placed lateral to the bladder 
neck. The ends of the suspension sutures are affixed to the 
periosteum of the pubic symphysis and then tied securely. 

The bladder neck is suspended by the sutures anchored 
to the undersurface of the pubic bone. The suspension 
sutures prevent bladder neck descent during periods of 
physical activity, but they do not pull up the bladder neck 
high behind the pubic symphysis. One should take care of 
not to tie the bladder neck against the pubic symphysis. 
Overzealous pulling up of the bladder neck causes 
iatrogenic urethral obstruction.* 


Burch Colposuspension: Preoperative broad-spectrum 
intravenous antibiotics are administered. The patient is 
placed in a modified lithotomy position or in a supine 
position with the lower extremities in a frog-leg position. 
Abdomen and genitalia are prepared and draped in sterile 
fashion. A Foley’s catheter is placed. 

A transverse suprapubic incision is made and the 
anterior rectus fascia is incised. The bladder and the 
bladder neck are identified. The bladder neck is identified 
by palpation of the Foley’s balloon. Placing a hand in the 
vagina facilitates identification of the bladder neck. 

The prevesical fat is dissected off the bladder and the 
bladder neck. Two or three nonabsorbable suspension 
sutures (e.g. 1-0 prolene) are placed lateral to the bladder 
neck. The ends of the suspension sutures are affixed to the 
Cooper’s ligament and then tied securely. *7 1 

The bladder neckis suspended by the sutures anchored 
to the Cooper’s ligament. The suspension sutures prevent 
bladder neck descent during periods of physical activity, 
but they do not pull up the bladder neck high behind the 
pubic symphysis. Overzealous pulling up of the bladder 
neck causes iatrogenic urethral obstruction. Leave enough 
space behind the suspension suture and the Cooper’s 
ligament to readily admit two fingers. This new position 
allows even disposition of external pressures on all 
surfaces of the bladder and the proximal urethra.®1121415 
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Laparoscopic Retropubic Suspension 


Laparoscopic techniques for retropubic suspension 
were introduced by Vancaillie and Schuessler in 1991. 
They essentially performed an MMK urethropexy 
laparoscopically, and since that time, laparoscopic 
techniques have been applied to both, the Burch procedure 
and the paravaginal repair. Subsequent modifications 
to the suspension suturing techniques have been 
introduced, including the use of mesh, staples and fibrin 
sealant, but all adhere to the same principles of their open 
counterparts. Proposed advantages to the laparoscopic 
approach include improved intraoperative visualization, 
less postoperative pain, shorter hospitalization and 
quicker recovery times (Liu, 1993). Disadvantages include 
greater technical difficulty with resultant longer operating 
times and higher operating costs.” 

The procedure may be performed extraperitoneally or 
transperitoneally and each approach has its proponents. 
Although the extraperitoneal technique may be associated 
with shorter operating times, easier dissection and fewer 
bladder injuries, the transperitoneal approach provides 
a larger operating space and the ability to perform 
concomitant intraperitoneal procedures and apical 
prolapse repair. The specifics of the different procedures 
are beyond the scope of this chapter. 

Short- and medium-term outcomes with the 
laparoscopic retropubic suspensions have become 
available. In their review of 13 studies of laparoscopic 
retropubic suspensions, Paraiso and colleagues (1999) 
found cure rates to range from 69 to 100% with follow-up of 
1-36 months. This is comparable to outcomes of the open 
procedures as already noted. Both retrospective (Polascik 
et al. 1995) and randomized, prospective comparisons 
(Summitt et al. 2000) between open and laparoscopic 
techniques have demonstrated similar short-term success. 
However, with longer follow-up, laparoscopic retropubic 
suspensions appear to fail more frequently. McDougall's 
group (1999) retrospectively noted only 30% cure of SUI 
and 50% cure or improvement by a laparoscopic Burch 
procedure with 45 months of follow-up, and this was no 
different from the results with a Raz procedure.!°16198 


Pubovaginal Sling Procedures 


Sling procedures are usually reserved for patients with 
type III incontinence. The urethra is dissected out to 
permit placement of various materials, such as rectus 
fascia, Marlex, Mersilene or Silastic, around it. The 
tension of the sling is adjusted to allow elevation of the 
bladder neck. Voiding difficulties are common and most 


of the patients must use intermittent self-catheterization 
for an average of 30 days. Success rates vary from 75 to 
95%. The major complications are operative injury to the 
urethra or bladder and delayed erosion of the sling into 
the urethra. Currently, tension-free vaginal tape (TVT) 
and transobturator tape has earned the confidence of 
the urologist all over the world. Transobturator tape 
application has proven to be an easy, safe and effective 
procedure than its counterparts.*°° 


Tension-free vaginal tape: Polypropylene meshed 
tape that measures 1.1 x 30 cm may be placed at the mid 
urethra or bladder neck using retropubic or transobturator 
approaches (Figs 75.2 to 75.4). Broad-spectrum 
intravenous antibiotics are administered. Perform the 
operation through the vagina with two small, lower- 
abdominal incisions above the pubic bone for a retropubic 
approach versus over the mid to lower medial aspect of the 
obturator foramen. The procedure may be performed with 
local, regional or general anesthetics.® 

Place the patient in the dorsal lithotomy position. 
Prepare and drape the vagina, perineum and suprapubic 
area using sterile technique. Place an 18F urethral catheter 
in the bladder. Apply local anesthetic to the skin just 
above the pubic tubercle on both sides of the midline 
for retropubic procedures or the obturator foramen in 
transobturator procedures. Apply local anesthetic to the 
anterior vaginal wall. Make a small vertical incision on the 
anterior vaginal wall at the mid urethra. Dissect the vaginal 
wall tissue off the urethra to expose the mid urethra and 
dissect paraurethrally towards the endopelvic fascia.” 


Fig. 75.2: Diagram showing principle and placement of tension- 
free vaginal tape 
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a proper tension test. Although devices are marketed as 
tension free, the surgeon must ensure that it is tension free 
by performing a proper tension test (Fig. 75.6). Close the 
vaginal incisions.?”*"? 


Transobturator tape: The obturator sling consists of a 
disposable stainless steel trocar on a plastic handle in a 


Fig. 75.3: Incision on vagina prior to the placement of tension- 
free vaginal tape 


Fig. 75.4: Tension-free vaginal tape is placed appropriately 


Depending on the approach chosen, use the 
appropriate trocars to place the polypropylene tape in 
the perivesical pocket (Fig. 75.5). Fill the bladder with 
250 mL of saline. Perform a cystoscopy with the needle in 
situ to help rule out bladder and urethral injury. Note that = es 
the success of this operation is predicated on performing Fig. 75.6: Tension-free vaginal tape 
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spiral shape for passage around the inferior pubic ramus 
in through the obturator space. It incorporates the same 
mesh as the original TVT device. 

This sling can be performed under local anesthesia 
with intravenous sedation and is performed with the 
patient in the dorsal lithotomy position. The dissection 
for placement is the key difference with the obturator 
approach. After the midline vaginal incision is made 
beneath the midurethral in the same fashion as that in 
using the TVT, the paraurethral dissection is performed 
45° from the midline just underneath the pubic rami on 
either side (Fig. 75.7). 

Prior to insertion of the sling, markings are made on 
the inner thighs, either using the urethral as a landmark, 
or by palpation of the obturator foramen, in order to mark 
the anticipated exit sites of the trocars. These sites are also 
infiltrated with local anesthetic prior to incision. A steel- 
winged guide allows easier and safer placement of the 
trocar tips into the paraurethral dissection tunnels and 
serves as a "shoe-horn" to keep the trocar in the desired 
space (Fig. 75.8). A rigid catheter guide is not necessary 
as this sling does not enter the space of Retzius or come as 
close to the bladder during placement.’ 

After the tip of the trocar is inserted along the hollow 
of the winged guide, the tip is gently pushed inward along 
the path of the guide until a slight increase followed by a 
decrease in resistance is felt and the obturator membrane 
is perforated. The winged guide is then removed, and the 
handle of the device is carefully rotated and brought in a 
vertical fashion toward the midline, bringing the trocar tip 
to the level of the skin and toward the previously drawn 
skin mark (Fig. 75.9) 267 

The metal trocar is then backed out leaving the plastic 
cannula with attached sling in place. The mesh is then 
pulled through the incision and the plastic cannula is 


Fig. 75.7: Model showing transobturator tape is in place 


Fig. 75.9: Completion of placement of transobturator tape 


cut and removed from the mesh. The same procedure 
is repeated on the second side. After initial placement, 
a cystoscopy and cough test may be performed with the 
sling slowly tightened on each side equally as desired. 
Once the final placement is determined, either visually 
or by cough test, the mesh is stabilized using a hemostat 
or other device and the plastic sheaths covering the mesh 
tape can be removed bilaterally. The incisions are then 
closed accordingly.*** 


Single Incision Slings 


Tension-free vaginal tape SECUR: Like its predecessors, 
TVT and TVT obturator (Ethicon, Somerville, NJ), TVT 
SECUR is a polypropylene mesh or “tape” (Fig. 75.10). 
The tape’s geometry is very different with TVT SECUR than 
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Fig. 75.10: Tension-free vaginal tape SECUR 


previous versions, measuring only 8 cm in length by 1 cm 
in width. Further, its edges are cut with a laser rather than a 
mechanical knife, thus thermally sealing the edges, which 
maintains its flat shape by preventing curling when force 
is applied. 

The ends of the mesh are laminated with Vicryl 
(Ethicon, Somerville, NJ) and polydioxanone fleece jackets 
that help secure the mesh in the target tissue so that the 
insertion devices can be backed out after final placement. 
Tension-free vaginal tape SECUR allows the flexibility of 
placement in either a “U” (comparable to the retropubic 
sling approach) or “hammock” (comparable to TVT-O) 
configuration using the same instrument. Although similar 
sharp dissection techniques are required compared with 
predecessor slings, slightly larger paraurethral and vaginal 
incisions (~ 1.5 cm) must be made to accommodate the 
larger width of the device (Fig. 75.11).°°* 

The urogenital diaphragm, obturator internus muscle 
and obturator membrane should not be penetrated during 


Fig. 75.11: Technique of placement of tension-free vaginal tape 
SECUR 


sharp dissection because this may decrease the holding 
ability of the fixation tips. Likewise, care should be given 
not to over infiltrate with local anesthetic into the target 
holding tissue, which may negatively affect pull-out force. 
A needle driver is used for stabilization while the surgeon’s 
thumb applies pressure during insertion. Cystoscopy is 
still recommended for both approaches; however, the 
manufacturer notes that cystoscopy is at the physician’s 
discretion for the hammock configuration. 

The “U” configuration placement is most similar to the 
original TVT placement, with the tip of the device rotated 
about 45° from the vertical midline. The flat tip of the 
device must be in direct and immediate contact with the 
back of the pubic bone while being pushed into the dense 
connective tissue of the urogenital diaphragm. A rigid 
catheter guide is recommended to shift the bladder and 
urethra to the opposite side during insertion. 

This placement is identical to that of the obturator sling 
approach. The tip of the insertion device is tilted inward at 
a 45° angle from the sagittal midline as the tip is pushed 
just beneath the posterior edge of the inferior ischiopubic 
ramus and into the obturator internus muscle. Again, close 
contact with the bone is imperative during placement.*® 


MiniArc: The MiniArc uses a 2.3 mm needle separate 
from the mesh which has attached self-fixating tips 
different from that of TVT SECUR (Fig. 75.12). It also 
has an optional redocking feature giving the surgeon the 
opportunity for further intraoperative tensioning during 
placement if desired. Like its predecessors, MiniArc 
requires only a single, 1.5 cm vaginal incision and can 
be performed with local, spinal or general anesthesia. 
The permanent tips are placed just beyond the obturator 
membrane and hold the sling in place. The MiniArc 
has only one placement in the same fashion as the TVT 
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Fig. 75.12: MiniArc tape 


SECUR Hammock configuration, with the arms placed at 
a 45° angle off the midline. However, desired placement 
is not into the obturator internus muscle, but just into the 
obturator membrane.*® 


Transurethral Procedure 


Crosslinked bovine collagen elicits a minimal foreign 
body reaction and has not been associated with particle 
migration. It has recently gained popularity for use as a 
urethral bulking agent in both male and female patients 
with incontinence. It is injected through a special needle 
into the submucosal space of the urethra near the 
bladder neck. 

Polytetrafluoroethylene (PTFE) paste is a mixture of 
PTFE micropolymer particles, glycerin and polysorbate. 
Polytetrafluoroethylene particles elicit a foreign body 
reaction at the injection site and produce a tissue bulking 
effect. Due to concern about particle migration to other 
organs, PTFE has been largely replaced by bovine 
collagen injection. 

Autologous fat is easily harvested and elicits little 
reaction after injection. The material is prepared by 
passing it several times through an 18-gauge needle to 
emulsify and soften it before injection (Box 75.3).°!” 


Box 75.3: Crosslinked bovine collagen 


Artificial Urinary Sphincter 


This device consists of periurethral cuff, a pressure 
regulating balloon inflated in the prevesical space, and 
a control valve implanted into the labia or scrotum, 
if used in men (Fig. 75.13). When the control valve is 
activated (with a gentle squeeze), the periurethral cuff 
pressure lowers for several minutes to allow voiding, then 
automatically repressurizes. To prevent erosion into the 
urethra, the device is activated 6 weeks after implantation, 
when healing has progressed. The device should be used 
only in complicated instances of incontinence in which 
the previously described standard procedures have failed. 
Like all prosthetics, these devices may be complicated by 
mechanical failure or infection. In male patients, the cuff 
can be placed around the urethra or around the bladder 
neck. The control valve is then implanted into the scrotum. 
Patients with good manual dexterity who are highly 
motivated are candidates for this procedure. Detrusor 
instability or poor bladder compliance are relative 
contraindications. Approximately, one-third of patients 
require revision of the device at some time. Nevertheless, 
the overall success rate is reported to be as high as 95% 
(including reoperations). 

The cuff is placed around the urethra, usually a few 
centimeters below the bladder. The balloon is placed 
within the pelvic space and the pump is placed in the 
scrotum in a male or the external labia in a female. The cuff 
fills with fluid from the pressurized balloon causing it to 
co-apt and provides continence. When one wants to void, 
the pump is compressed and fluid is pumped from the cuff 
to the balloon reservoir. The pressurized balloon will cause 
the cuff to close within 60-90 seconds giving the patient 
time to void completely. 


Fig. 75.13: Artificial urinary sphincter 
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Preparation for artificial urinary sphincter 
implantation: Artificial sphincters are implanted in people 
with complete loss of urinary control. This may be the 
result of: 

e Surgically-induced incontinence 
e Neurologic-mediated incontinence 
e Incontinence resulting from other failed procedures. 

Preoperative evaluation is critical. Urodynamics 
are done to evaluate for adequate bladder capacity and 
hyperactivity as well as its ability to empty.” Cystoscopy 
may be necessary in patients who have had prior radiation 
or surgery of the prostate or bladder neck. Sterile urine 
must be documented in all patients and anyone with 
a history of a urinary infection must be treated with 
appropriate medication. 

Procedure: Patients will receive broad-spectrum 
antibiotics preoperatively. A general or spinal anesthetic 
is administered. Two types of incisions are made in males, 
one in the perineum behind the scrotum or on the front of 
the scrotum. In women just a lower abdominal incision is 
needed. The cuff is first placed around the urethra. Next 
the balloon is placed in the lower abdomen. Finally, these 
are connected to the pump, which is placed in the scrotum 
or labia. The device is tested and then deactivated. A small 
catheter is inserted through the urethra at the end of the 
operation and left in overnight. Typically, the procedure 
takes 90-120 minutes. 


POSTOPERATIVE CARE 


Patients will be admitted overnight to be observed for 
bleeding and to receive intravenous antibiotics. The 
catheter is removed on the following morning and 
the patient should expect to remain incontinent for 6 
weeks until the sphincter is activated. After discharge, 
the patient should limit their activity, including no 
driving for the first 2 weeks, however daily walks are 
strongly encouraged to prevent blood clot formation. 
Instructions are given to call immediately if a fever, 
swelling or redness of the operative site develops. 
The patient is usually seen 3 weeks postoperatively 
and then at 6th week during which the device will 
be activated. 


RISKS AND COMPLICATIONS 


Complications are not common with greater than 90% 
of the devices working at 5 years after surgery. The risk 
of infection is greatest in the first few weeks and would 
require removal of the device. The long-term risk of 
urethral erosion from cuff pressure on the urethra is rare 
but also would require removal of the device. 


SELECTION OF THERAPY FOR AN 
INDIVIDUAL PATIENT 


Stress incontinence is not a life-threatening or inevitably 
progressive disease; a failure with one form of therapy 
does not preclude use of another form. For this reason, 
it has been argued that the least invasive form of therapy 
should always be tried first. Many patients will be 
satisfied with therapy that improves, but does not cure 
their incontinence. The patient’s wishes always must be 
considered in treatment selection. 

The first step in the decision making process is to 
document the presence of SUI. It is also important AI 
or SWI and to classify properly the cause as AI or SWI. 
It is reasonable to offer a sling (or periurethral injection 
therapy in some cases) as first line therapy to patients 
with SUI who are in reasonable medical condition. 
Conservative therapy with a combination of estrogens, 
alpha agonists and behavior modification is clearly 
second best. Some of these patients may be improve with 
above treatment protocol. 

In patients with AI, the next decisive point is evaluation 
of vaginal prolapse. Patients with symptomatic vaginal 
prolapse and AI can reasonably be offered surgery to 
repair both conditions as initial therapy providing they are 
in satisfactory overall health. Neither conservative therapy 
nor medication will relieve high-grade prolapse. 

Almost all the patients with incontinence can achieve 
significant improvement and most cases of SUI are 
curable conditions. It is important to inform the medical 
colleagues and peoples that many treatment options are 
at the disposal of urologist to achieve a success in most 
difficult problems.*!* 
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PRELUDE 


The vesicovaginal fistula (VVF) is an abnormal fistulous 
tract extending between the bladder and the vagina that 
allows the continuous involuntary discharge of urine into 
the vaginal vault (Fig. 76.1). There are numerous causes 
for the formation ofa fistula tract between the bladder and 
the vagina. In developing countries the primary etiology 
is prolonged and obstructed labor, but in more developed 
countries the cause of approximately 90% of VVF is 
surgical trauma following gynecologic procedures. Total 
abdominal hysterectomy for benign disease accounts 
for the majority of fistulae secondary to gynecologic 
surgery. Common nonsurgical causes include advanced 
local carcinoma (cervical, vaginal and endometrial) and 
radiation therapy. Risk factors for VVF formation include 
prior uterine surgery (cesarean section), endometriosis, 
infection, diabetes, arteriosclerosis, pelvic inflammatory 
disease and prior radiation therapy.'” 


HISTORY OF THE PROCEDURE 


The repair of VVFs were described in 1663 by Hendrik Van 
Roonhuyse. Roonhuyse described the use of a speculum 
and the lithotomy position to gain adequate exposure 
and denudation of the margin of the bladder wall, with 
reapproximation of the edges using sharpened swan quills. 
Jobert de Lamballe published a report of his VVF repairs in 
which skin flaps were used in the vagina in 1834. He also 
advocated the use of tension free closures using vaginal 
releasing incisions. 

Latzko published his partial colpocleisis technique 
for repair of posthysterectomy VVF in 1942. He used 
the resection of scarred vaginal mucosa and a layered 
horizontal closure.“ 


INCIDENCE 


In most developing countries, the predominant cause 
of VVF is prolonged obstructed labor. The VVFs are 
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Fig. 76.1: Vesicovaginal fistula is an abnormal fistulous tract 
extending between the bladder and the vagina that allows the 
continuous involuntary discharge of urine into the vaginal vault 


associated with marked pressure necrosis, edema, tissue 
sloughing and cicatrization. Vesicovaginal fistula is largely 
underreported in developing countries. The radiotherapy 
and surgery for malignant gynecologic disease each 
accounted for 5% of cases.*° 


ETIOLOGY 


Many factors may contribute to the development of VVF 
(Fig. 76.2) in developing countries. The VVF may be attri- 
buted predominantly to inadvertent bladder injury during 
pelvic surgery (90%). These injuries include unrecognized 
intraoperative laceration of the bladder, bladder wall 
injury from electrocautery or mechanical crushing and the 
dissection of the bladder into an incorrect plane, causing 
avascular necrosis. 

Vesicovaginal fistula in advanced centers includes 
vaginal lacerations from forceps rotations, cesarean 
delivery, hysterectomy and ruptured uterus. 

From Mayo clinic, Symmonds evaluated 800 
genitourinary (GU) fistulas over a 30-year period and he 
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Fig. 76.2: Vesicovaginal fistula 


found that 85% ofthe VVFs were related to pelvic operations 
and 75% were related to hysterectomy, with more than 50% 
being secondary to simple uncomplicated total abdominal 
or vaginal hysterectomy. He also found that 5% of these 
VVFs were obstetric and 10% occurred after radiotherapy. 
Pelvic surgery like suburethral sling procedures, surgical 
repair of urethral diverticulum, transurethral resection 
of bladder neoplasm and radical surgery for pelvic 
carcinomas may also lead to iatrogenic GU fistula. Less 
common causes of VVFs include pelvic infections (e.g. 
tuberculosis, syphilis and lymphogranuloma venereum), 
vaginal trauma and vaginal erosion with foreign objects 
(e.g. neglected pessary).*7"" 


PATHOPHYSIOLOGY 


Prolonged impaction of the fetal presenting part in 
the pelvis is one of widespread tissue edema, hypoxia, 
necrosis and sloughing resulting from prolonged pressure 
on the soft tissues of the vagina, bladder base and urethra. 
In some cases complex neuropathic bladder dysfunction 
and urethral sphincter incompetency often result, even if 
the fistula can be repaired successfully. +° 


RISK FACTORS 


The risk factors that predispose to VVFs include prior 
pelvic or vaginal surgery, previous pelvic inflammatory 
disease, ischemia, diabetes, arteriosclerosis, carcinoma, 
endometriosis, anatomic distortion by uterine myomas, 
and infection, particularly postoperative cuff abscess. 


PRESENTATION 


Leakage of urine into the vagina is the hallmark symptom 
of patients with VVE They may complain of urinary 
incontinence or an increase in vaginal discharge following 
pelvic surgery or pelvic radiotherapy with or without 
antecedentsurgery. Usuallythedrainagemaybecontinuous; 
however, in the presence of a very small urogenital fistula 
(UGF), it may be intermittent. Postoperative abdominal, 
pelvic or flank pain, prolonged ileus and fever should alert 
the physician to possible urinoma or urine ascites and 
mandates expeditious evaluation. 

The VVF secondary to a bladder laceration typically 
presents immediately and in contrast, radiation- 
induced UGFs are associated with slowly progressive 
devascularization necrosis and may present 30 days to 
30 years later. The patients with radiation-induced VVFs 
initially present with symptoms of radiation cystitis, 
hematuria and bladder contracture.’ 


WORK-UP 


Laboratory Studies 


On clinical examination of the vaginal vault, any fluid 
collection noted can be tested for urea, creatinine or 
potassium concentration to determine the likelihood of 
a diagnosis of VVF as opposed to a possible diagnosis of 
vaginitis. Indigo carmine dye can be given intravenously 
and if the dye appears in the vagina, a fistula is confirmed. 
Once the diagnosis of urine discharge is made, the 
physician must identify its source. Cystourethroscopy may 
be performed and the fistula(s) may be identified. If ureter 
involvement is suspected then intravenous urogram (IVU) 
can be performed. 

Detail vaginal examination in operation theater settingis 
essential and should include assessment of tissue mobility; 
accessibility of the fistula to vaginal repair; determination 
of the degree of tissue inflammation, edema and infection; 
and possible association of a rectovaginal fistula. The urine 
should be collected for culture and sensitivity, and patients 
with positive results should be treated prior to surgery. 
Women with a history of local malignancy or a lesion, if 
suspicious, a biopsy of the fistula tract and microscopic 
evaluation of the urine is warranted.*” 


Imaging Studies 


The IVU is necessary to exclude ureteral injury or 
fistula because 10% of VVFs have associated ureteral 
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fistulas. When the IVU findings are negative, retrograde 
ureteropyelography should be performed at the time of 
cystoscopy and examination under anesthesia.” 


Evaluation 


The evaluation should include a complete physical 
examination and detailed review of systems. The 
cystoscopic examination with a small scope [e.g. 19F] 
may be used to identify VVF in the bladder or urethra, 
to determine the number and location and proximity to 
ureteric orifices, and to identify and remove abnormal 
entities such as calculi or sutures in the bladder. 

Three swab tests are performed in the operating room 
setting. The bladder can be filled with methylene blue in 
retrograde fashion using a small transurethral catheter 
to confirm the presence and location of the fistula. The 
placement of three tampons in the vaginal vault and 
observation for staining of the tampons by methylene blue 
may help to identify and locate fistulas. The staining of the 
apical tampon would implicate the vaginal apex or cervix/ 
uterus/fallopian tube; staining of a distal tampon raises 
suspicion of a urethral fistula where as if the middle swab is 
stained, it represents the vaginal fistula. When the tampons 
are wet but not stained, oral phenazopyridine (Pyridium) 
or intravenous indigo carmine then can be used to rule out 
an ureterovaginal, ureterouterine or ureterocervical fistula. 

On exploration, the intraoperative assessment 
for bladder or ureteral injury may be performed by 
administering indigo carmine intravenously and closely 
observing for any subsequent extravasation of dye into the 
pelvis. A cystourethroscopy should be then performed to 
visualize the fistulous opening in the bladder and if not 
found, the ureteral patency on both side should be tested 
with retrograde ureteropyelogram. The cystoscopy may be 
inadequate in the face of large or multiple fistulas. 

Simultaneously, a laparoscope in the vagina and 
a regular cystoscope in the bladder may enhance 
visualization and identification of VVFs. Technique of 
transillumination of the bladder or vagina by turning 
off the vaginal or bladder light source allows for easier 
identification of the fistula in the more difficult cases. 


TREATMENT 


Conservative Management 


When the VVF is diagnosed within the first few days of 
surgery, a transurethral or suprapubic catheter should 
be placed and maintained for up to 30 days. Some small 
fistulas (< 1 cm) may heal during this period, if continuous 
drainage of the catheter is ensured. 


Timing of Repair 


The appropriate timing of repair depends on the cause 
of VVE, overall medical condition of the patient and the 
tissue quality surrounding the fistula, while the emotional 
status of the patient should also not be underestimated. 
The post surgical fistula should be repaired immediately, 
while obstetric fistula usually repaired after twelve weeks 
and the radiation therapy induced fistula is repaired after 
months or even later.” ” 


Patient Positioning 


Dorsal lithotomy position: The dorsal lithotomy position 
with standard Trendelenburg positioning provides 
excellent access for repair of a high VVF. 


Jack-knife position: Jack-knife position is ideal for 
proximal urethral and bladder neck fistulas. Patient is 
placed in a prone position with the hips abducted and 
flexed and the table jack-knifed." 


Lawson position: Patient is placed in a prone position 
with the knees spread and ankles raised in the air and 
supported by stirr-ups. Now the position is augmented 
with Trendelenburg position to enhances the visualization 
with this technique. The position is ideal for proximal 
urethral and bladder neck fistulas. 


Excision of Scar Tissue and Wide Mobilization 


The excision of the fistula tract and wide mobilization of 
tissues ensures tension free closure of all layers with viable 
tissue, thereby optimizing wound healing and 100% cure 
rate. In some center, a small fistula is resected, but large 
tracts should only be freshened due to the risk of over 
excising fistula edges, thereby causing an increase in the 
size of the fistula. 


Techniques of Repair 


The first repair is the best chance for a surgeon to achieve 
successful repair. The surgeon should select a technique in 
which he or she is most familiar. 


Basic techniques of repair: 

e The vaginal approach and using interposition flaps 
or grafts 

e The abdominal approach and using interposition 
of omentum 

e ‘The laparoscopic approach and using interposition 
flaps or grafts. 
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The basic surgical principles of fistula repair: 


The wide mobilization of tissue 
The tension free and watertight repair 
The blood supply at area of repair should be adequate 
The continuous catheter drainage x 2 weeks 
Vaginal approach: Vaginal approach provides a low 
postoperative morbidity, shorter operative time 
with minimal blood loss, and shorter postoperative 
recovery time." The suturing of the labial folds 
to the ipsilateral thigh provides improved visibility 
of the vaginal vault. The procedures used to facilitate 
exposure in the vagina 

— Tension free closure: The issue of closure of suture 
lines without any tension is the most important 
principle of surgical repair of VVE Attempt to 
reduce strain at the site of anterior vaginal wall 
closures, surgeons employ several strategies, 
including extensive vaginal wall dissection and 
mobilization from the underlying vesicovaginal 
endopelvic fascia. 

— Latzko technique: The vaginal mucosa is sharply 
denuded in a circular fashion at a distance of 1.5 cm 
from the fistula opening. The fistula at the bladder 
mucosa is not disturbed. Double row of sagittally 
oriented sutures is placed in the raw surfaces 
on either side of the fistula, with the second row 
imbricating the first. Repair of the vaginal wall is 
then performed, providing a third layer of closure. 
In this technique of repair, the vaginal wall in 
contact with the bladder becomes the posterior 
vesical wall and eventually is re-epithelialized with 
transitional epithelium.” 

— Flap splitting techniques: The vaginal wall is incised 
circumferentially around the fistula and widely 
dissected from the underlying endopelvic fascia in 
a standard anterior colporrhaphy technique (Fig. 
76.3). The fistulous tract is not resected and the 
bladder is closed without any tension in two layers. 
The operation is completed with the tension free 
vaginal closure over the bladder defect.” 

Abdominal approach: Absolute indications 
abdominal approach include: 

High position of fistula 

Complex VVF involving the gastrointestinal tract 

If ureteric orifices are involved in VVF: 

— Patient's position: The classic positioning of the 
patient for abdominal procedures is supine, with 
Trendelenburg orientation with flexing the patient’s 
hips and abducting and supporting patient’s legs in 
stirrups is a useful technique. This position offers 
simultaneous access and examination of the vaginal 


for 


Fig. 76.3: The vaginal wall is incised circumferentially around the 
fistula and widely dissected from the underlying endopelvic fascia 
in a standard anterior colporrhaphy technique 


vault may assist with laparotomy procedures. 
Incision may include suprapubic V, Pfannenstiel 
or midline vertical. Many prefer longitudinal 
suprapubic incision because it allows the surgeon 
the ability to more easily obtain an omental graft. 

— Transvesical  extraperitoneal technique: <A 
transvesical incision is performed to visualize the 
fistula. The bladder mucosa adjacent to the fistula 
is circumscribed and removed. Bladder is dissected 
off the vagina and the bladder, and vaginal defects 
are closed separately.” 

— Transperitoneal technique: Urinary bladder is 
dissected from underlying organs involved and 
the defect in the bladder and vagina or cervix was 
closed separately. The transperitoneal approach 
is preferred because it allows for the addition of 
interposition grafts.?™?931-33 

Laparoscopic approach and use of the Da Vinci 
robotic system: The VVF can be successfully repaired 
laparoscopically with a single layer closure. The Da 
Vinci robotic system can also be used with equal 
success but the principle of repair of the fistula remains 
the same. 

— Interposition flaps or grafts: Vascularized pedicle 
flaps are animportantadjunctto surgical techniques 
used in the repair of VVF. The interposition flaps or 
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grafts increase success by enhancing granulation 
tissue formation, increasing neovascularity to the 
area and obliterating dead space and it also provide 
a barrier layer between the bladder suture line and 
the vaginal suture line.?!°°3+3” 

— Martius’ flap: The procedure was first described by 
Martius in 1928 as a technique used in VVF repair, 
where he isolated the bulbocavernosus muscle 
and its overlying fibroadipose tissue as a pedicled 
graft for VVF repair. Many modifications of Martius’ 
original procedure have been published and the 
success rates range from 85% to 100% 3094353739 

— Gracilis muscle flap: The gracilis muscle can also be 
used as a flap to augment the repair of fistula as the 
muscle reaches to cover the medial portion of the 
groin, the vulva, the perineum with its major blood 
supply! 

— Omental flap: The omentum, with its rich lymphatic 
and vascular supply, is ideal as an interposition 
graft and in most cases it has sufficient length to 
extend to the pelvis without tension.” 

— Autologous bladder mucosa interposition graft: 
In transabdominal approach, where the fistula 
is too large and situated above the trigone and 
a combined abdominal and vaginal approach 
this procedure is of help. Here the fistula was 
circumscribed with sharp dissection and scar tissue 
from prior surgeries was removed. Now the vaginal 
layer of the fistula was closed with interrupted 3-0 
polyglactin sutures. Bladder mucosal graft, which 
was harvested before was secured to the margins of 
the fistula with interrupted sutures.****"4 


Radiation-induced Fistula 


The pathologic changes that lead to formation of a VVF 
after radiation also result in different strategies when 
a radiation-induced fistula is repaired.“ Radiation 
damage leads to obliterative endarteritis and results 
in poorly vascularized tissue along the fistula site and 
the surrounding tissue. Therefore, spontaneous healing 
of this kind of defect is unlikely. Radiation-induced 
VVFs are typically found in the trigone. This area of 
the bladder is fixed and more susceptible to the effects 
of radiation. 

Primary repair of a radiation-induced fistula is 
difficult because the surrounding tissue is often fixed, 
easy to slough and nonpliable. Extensive dissection of the 
fistulous tract combined with augmentation cystoplasty 
is a successful option, especially in the bladder that is 
contracted from previous radiation. We prefer to use 


ileum for augmentation; however, virtually all segments 
of bowel have been used by various authors for bladder 
augmentation. Whatever segment is used, the bowel 
should be nonirradiated, minimizing any compromise to 
the blood supply that could lead to suture line breakdown 
and failure of the reconstruction. Finally, interposition 
of healthy tissue (such as omentum or a Martius graft) 
between the repair is performed, eliminating the possibility 
of an overlapping suture line and decreasing the risk of 
recurrent fistula. 


Postoperative Care 
Bladder Drainage 


Large caliber indwelling with or without suprapubic 
catheter minimizes the potential for catheter blockage 
by blood clots, mucus and calcaneus deposits. It is 
important for the fistulas involving the lower portion of 
the bladder trigone, bladder neck or urethra, a suprapubic 
catheter is preferred that may be kept for a period of 2 
weeks. The urethral catheter may be discontinued after 
2 weeks. A cystogram may be performed before the 
catheter is removed. For the patients with history of pelvic 
radiotherapy underwent VVF repair require longer periods 
of drainage.“ 

Control of postoperative bladder spasmsis animportant 
tool for a successful repair oxybutynin or tolterodine 
may be used. Use of antibiotic therapy postoperatively 
is controversial but most surgeons administer antibiotic 
prophylaxis to patients with VVF postoperatively until the 
Foley catheter is discontinued. 


COMPLICATIONS 


Major risks are infections; hemorrhage, injury to other 
organs particularly the ureters, surgical failure of fistula 
repair, possible new fistula formation, thromboembolism 
and death. Patients should be informed of the possibilities 
of sexual dysfunction or dissatisfaction, new onset 
incontinence and the progression of pre-existing urge 
and/or stress incontinence symptoms.** 
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Ureteric injury is rare in obstetric and gynecological 
practice but, when it occurs, it has serious implications in 
terms of both morbidity and litigation. The incidence of 
ureteric injury varies between 0.1% and 30%, depending 
on the type of surgery. Prevention can be attempted by 
preoperative and intraoperative precautions, although 
the effectiveness of these measures has not been fully 
evaluated. Diagnosis of ureteric injury may be made 
intraoperatively but 70% are diagnosed postoperatively. 
Management depends on the timing of diagnosis, the 
etiology, the length and location of the injury, the extent of 
the causative operation and the condition of the woman. 


HISTORY OF THE PROCEDURE 


The earliest recorded repairs of ureteral injuries in 
gynecologic surgery was described by Berard (1841) and 
Simon (1869). Dr John Sampson, in early 1900s, from Johns 
Hopkins university, conducted the first systematic study 
of the ureter. Over the next 100 years, many contributions 
were made to the understanding ofthe etiology, prevention, 
diagnosis and treatment of iatrogenic ureteral injuries.™* 


INCIDENCE 


Ureteric injury has an incidence of 0.2-1.0% during any 
abdominal or pelvic surgery. Obstetric or gynecological 
surgery accounts for approximately 50% of all these 
injuries. The reported incidence may be low because 
many ureteric injuries are not recognized or reported. 
Despite the prevalence of ureteric injury being higher 
following gynecological cancer surgery, it is benign 
gynecological surgery that accounts for most cases. 
Reports show conflicting results when comparing the 
incidence of ureteric injury following laparoscopic 
surgery with the incidence following open gynecological 
surgery. Some studies report similar figures while others 


Ureteric Injury in 
Pelvic Surgery 


report a significantly higher incidence after laparoscopic 
surgery. Despite the incidence of all major complications 
associated with laparoscopy declining, the incidence of 
ureteric injury has stayed constant at approximately 1%.?°* 


ETIOLOGY 


The close attachment of the ureter to the peritoneum 
makes it particularly vulnerable during abdominopelvic 
surgery. Ureteric injuries are possible even in the most 
straightforward procedures. 


Risk factors for possible Urological Injury 


e Previous pelvic surgery 

e Ovarian neoplasms 

e Endometriosis 

e Pelvic adhesion 

e Distorted pelvic anatomy 

e Coexistent bladder injury 

e Massive intraoperative hemorrhage. 


Sites of Injury 


Injury occurs most frequently in the lower third of the 

ureter (51%), followed by the upper third (30%) and the 

middle third (19%). The most common sites of injury are: 

e Lateral to the uterine vessels 

e ‘The area of the ureterovesical junction close to the 
cardinal ligaments 

e The base of the infundibulopelvic ligament as the 
ureters cross the pelvic brim at the ovarian fossa 

e Atthe level of the uterosacral ligament. 


Types of Injury 


The ureter may be injured in one of several ways. 
Intraoperatively, there may be ligation or kinking by a 
ligature, crushing by a clamp, division, complete or partial 
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transection, devascularization or diathermy related injury. 
The incidence of different forms of injury is complete 
transection (61%), excision (29%), ligation (7%) and partial 
transection (3%). In the postoperative period, avascular 
necrosis may occur following extensive dissection of 
periureteric tissue with impairment of the anastomotic 
blood supply. Another mechanism of injury is the 
kinking and subsequent obstruction over a hematoma or 
lymphocele.' 


CLASSIFICATION 


According to the organ injury scaling system developed by 

the Committee of the American Association for the surgery 

of trauma, ureteric injuries are classified as follows: 

e Grade I: Hematoma; contusion or hematoma without 
devascularization 

e Grade II: Laceration; less than 50% transection 

e Grade III: Laceration; greater than or equal to 50% 
transection 

e Grade IV: Laceration; complete transaction with less 
than 2 cm of devascularization 

e Grade V: Laceration; avulsion with greater than 2 cm of 
devascularization. 
This anatomical classification does not; however, 

appear to have clear prognostic implications. 


PATHOPHYSIOLOGY 


The pathophysiology of ureteral injury depends on many 
factors, including the type of injury and when the injury 
is identified. Numerous consequences may occur after 
ureteral injury, including spontaneous resolution and 
healing of the injured ureter, hydronephrosis, ureteral 
necrosis with urinary extravasations, ureteral stricture 
formation and uremias.' 

When the injury to the ureter is minor, easily reversible 
and noticed immediately, the ureter may heal completely 
and without consequence. In cases of inadvertent ligation 
of the ureter if noticed timely, the suture can be cutoff the 
ureter without significant injury. 

Inadvertent ligation of the ureter leads to 
hydronephrosis and progressive deterioration of ipsilateral 
renal function and sometimes becomes infected, resulting 
urosepsis or pyonephrosis. 

In cases of unrecognized ligation of the ureter, a 
section of the ureteral wall necrosis because of pressure 
induced ischemia and the ischemic segment of the ureter 
eventually goes in to necrosis and leading to urinary 
extravasation or urinoma. 


Ureteral Stricture 


The ureteral stricture may occur when the adventitial 
layer of the ureter is stripped or electrocoagulated. If the 
adventitia, the outer layer of the ureter that contains the 
ureteral blood supply, is disturbed by either stripping or 
electrocoagulation, ischemia to a particular segment of 
ureter may result. The ischemic strictures of the ureter may 
then develop, leading to obstruction and hydronephrosis 
of the ipsilateral kidney. 


Uremia 


In worst cases, uremia may result from bilateral ureteral 
injury or from a unilateral injury occurring in a solitarily 
functioning kidney. The anuria is the only immediate 
sign of imminent uremia. This is an urgent situation 
and requires immediate intervention to preserve renal 
function. 


Presentation 


The iatrogenic ureteral injury during gynecologic surgery 
may present either intraoperatively or postoperatively. 
Intraoperative consultation with an urologist must be 
obtained when the injury is recognized immediately. They 
are best treated with primary ureteral repair during the 
same operation. Most of the time, unilateral ureteral injury 
is noticed postoperatively, when the patient may present 
with flank pain, prolonged ileus, fever, watery vaginal 
discharge or elevated serum creatinine levels. 


Prevention 


Preoperative and intraoperative measures can be taken 
to try to reduce the risk of ureteric injury. Appropriate 
investigations should be performed preoperatively, 
depending on the underlying pathology and proposed 
operation. For example, when there is suspected pathology 
of the urinary tract, a preoperative intravenous urogram 
(IVU) or ultrasound scan can identify ureteric dilatation 
and disclose anatomical variations. 

Ureteric catheterization may, however, assist the 
identification of ureteric injury intraoperatively and 
optimize the subsequent management in cases where 
dissection is difficult. Intraoperative measures to prevent 
injury include an appropriate operative approach, 
adequate exposure, full examination of the disease 
in the pelvis and seeking early urological assistance 
where appropriate. 
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Box 77.1: Preventive strategies to reduce the risk of ureteric injuries 


Blind clamping of blood vessels has been identified 
as the predominant cause of ureteric injury in obstetric 
procedures. Thus the control of bleeding by specifically 
identifying bleeding points rather than blind clamping is 
likely to reduce this risk. 

When dissecting masses, it is important to stay close to 
the pathology and, whenever possible, to identify the ureter 
in its course before dissection. Adequate mobilization of 
the bladder in a downward and outward direction is likely 
to reduce the risk of ureteric injury because the ureters are 
moved away from the uterine vessels and thus away from 
the operative field. 

There is evidence that direct visualization of the ureters 
in the pelvis reduces the risk of ureteric injury. A decrease 
in ureteric injury during abdominal hysterectomy from 
0.7% to 0.2% has been reported when the ureters are 
dissected out.?” 

When direct visualization is not possible either from 
extreme scarring, large masses or restricted access, 
direct visualization of ureteric function via cystoscopy or 
telescopy can be employed. Caution is necessary when 
using harmonic scalpel and electrocautery because a 
large proportion of ureteric injuries during laparoscopic 
surgery are associated with diathermy. Short applications 
are likely to reduce the risk of ureteric injury because the 
depth of penetration depends on diathermy duration and 
power (Box 77.1). 


DIAGNOSIS 


Diagnosis of ureteric injury may be made intraoperatively 
or postoperatively. Approximately, 70% of ureteric injuries 
occurring during gynecological procedures are diagnosed 
postoperatively. 


Intraoperative Diagnosis 


Intraoperative identification enables prompt repair and is 
associated with decreased morbidity and fewer legal risks. 
Maintenance of a high index of suspicion and attempts at 
verifying ureteric integrity should therefore, be essential 
components of pelvic surgery. In situations where 


visualization of the ureters is not feasible, intravenous 
administration of methylthioninium chloride or indigo 
carmine (5 mL) is an accurate means of demonstrating 
ureteric patency. 

Intraoperative transurethral cystoscopy or telescopy 
(through cystotomy) using an abdominal approach may 
be required to visualize urine from both ureteric orifices. 
Bubbles or blood tinged urine coming through the ureteric 
orifices may indicate ureteric injury. 


Postoperative Diagnosis 


Postoperative symptoms of ureteric injury tend to be 
variable. Flank pain and fever are the most common 
symptoms. Hematuria, a reliable indicator of renal 
trauma, is absent in approximately 30% of ureteric injuries. 
Women may occasionally present with a retroperitoneal 
urinoma, which can be confirmed by an ultrasound scan. 
Postoperative anuria, though uncommon, should prompt 
urgent evaluation. 

Urine leakage, other than from the urethra, should 
prompt the search for a fistula. A late presentation 
is the development of hypertension secondary to 
obstructive uropathy (Box 77.2). It should be noted, 
however, that typical symptoms might occur in only 
50% of women with ureteric injuries. In suspected cases, 
investigations are needed to establish renal function, to 
rule out hydronephrosis and to evaluate continuity of the 
ureter (Box 77.3). 


Intravenous Urogram 


Hydronephrosis, ureteric integrity, drainage (in a series of 
sagittal images) and any extravasation can usually be seen 
on an IVU. Whereas extravasation of dye is characteristic 
of ureteric injury, findings may be more subtle, ranging 
from delayed function to no abnormality at all, even when 
ureteric injury is present. 


Box 77.2: Symptoms and signs of ureteric injury 
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Box 77.3: Radiographic investigations for ureteric injuries 


Computed Tomography 


A computed tomography (CT) scan with intravenous 
contrast can also assess ureteric patency. Contrast 
extravasation confined predominantly to the medial 
perirenal space is the most consistent finding. The absence 
of contrast material in the distal ureter on delayed CT 
images is diagnostic of a complete ureteric transection. 
Visualizing ureteric integrity and continuity is often more 
difficult with CT than with an IVU because CT images are 
a series of cross sections. Rapid sequence spiral CT fails to 
demonstrate this, hence delayed films need to be explicitly 
requested. Computed tomography scanning has the 
advantage of imaging for other concomitant conditions. 


Retrograde Ureterogram 


If the results of an IVU and CT scan are inconclusive, a 
retrograde ureterogram (Fig. 77.1) may be necessary to 
evaluate the course of the ureter. 

Retrograde ureterogram identifies the anatomic site 
of obstruction, even when missed on an IVU or CT scan, 
by delivering a higher density of contrast material to the 


Fig. 77.1: Antegrade ureteropyelogram showing complete 
obstruction of ureter following a difficult pelvic surgery 


injured site. But the test is, however, more invasive than 
either an IVU or CT scan and requires cystoscopy. 


Renal Ultrasound 


Renal ultrasound is perhaps the best noninvasive 
method to visualize the kidney. Hydronephrosis and 
retroperitoneal urinomas are shown with great sensitivity. 
Renal ultrasound cannot, however, assess either renal 
function or continuity of the ureter. 


Cystoscopy 


Postoperative anuria, caused by bilateral ureteric 
obstruction, usually requires cystoscopic evaluation. 
Ejaculation ofurine from both ureteric orifices is diagnostic 
of ureteric patency. If in doubt, a retrograde ureterogram 
may be performed. 


Contrast-Dye Tests 


Contrast-dye tests are normally combined with 
cystoscopy and may be particularly useful if a urinary 
fistula is suspected. The path of the fistula can usually 
be determined by the simultaneous administration of 
intravenous indigo carmine (a blue dye) and placement in 
the bladder of Congo red through a transurethral catheter. 
A full blood count and an electrolyte profile must be taken 
in suspected cases of ureteric injury. A full blood count 
may serve as a guide to infection. Postoperative estimation 
of serum urea, creatinine and sodium may aid diagnosis in 
several ways. 

Measuring serum creatinine levels on the second 
postoperative day might be useful in evaluating ureteric 
patency. Increase of greater than 0.2 mg/dL may be 
indicative of unilateral ureteric obstruction. If the ureters 
are patent bilaterally, creatinine elevations are normally 
less than 0.3 mg/dL. Serum creatinine levels are, however, 
influenced by factors other than ureteric obstruction. 
These include intraoperative blood loss, fluid replacement 
and the use of potentially nephrotoxic medication such 
as nonsteroidal inflammatory drugs, furosemide and 
aminoglycosides. 

Postoperative uremia occurs when ureteric injury 
causes total urinary obstruction. This may be caused either 
by a bilateral ureteric injury or from a unilateral injury 
occurring in a solitary functioning kidney. Anuria is the 
only immediate sign of imminent uremia and women with 
anuria require immediate intervention to preserve their 
renal function. 

Biochemical abnormalities like hyponatremia may 
occur after ureteric injury and tends to follow the spillage 
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of dilute urine into the retroperitoneum. The reabsorption 
of free water from this dilute retroperitoneal urinoma 
causes a decrease in serum osmolality and serum sodium, 
which produces a sodium sparing and free water excreting 
response by the kidneys. 


MANAGEMENT 


The management of the ureteric injury depends on the 
type, duration and location of the ureteral injury, surgical 
treatment may range from simple removal of a ligature to 
ureteroneocystostomy. Commonest surgical treatments 
for ureteral injury are simple removal ofa ligature, ureteral 
stenting, ureteral resection and ureteroureterostomy, 
transureteroureterostomy, and ureteroneocystostomy. 


Observation 


Sometimes a ligature constricting the ureter is discovered, 
the ligature should be removed immediately and the ureter 
should be examined. If ureteral peristalsis is preserved 
and it is believed that minimal damage has occurred, the 
ureter injury may be managed with observation and if any 
doubt exists, an ureteric stent may be placed. 


Ureteral Stenting with or without Ureterotomy 


If ischemia or a partial injury of the ureteral wall is 
suspected, a ureteral stent should be placed. The stents 
guarantees drainage of urine from the renal pelvis directly 
to the urinary bladder and also can work as a gentle 
dilator since it moves slightly in an up and down motion, 
associated with breathing, as the kidney unit moves. 
Placement of stents may minimize the rate of obstruction 
of a ureteral stricture in the injured area. Otherwise the 
injured or ischemic segment of ureter is excised and the 
spatulated anastomosis is made with a stent. Usually, the 
stent is removed at 6 weeks. 

Renal deterioration is inevitable unless urine flow is 
restored because the ureter is the sole conduit from the 
kidney. There are major variables guiding a surgeon’s 
approach to the management of ureteric injuries; time 
of diagnosis, etiology, length and location of the injury, 
extent of the causative operation and the condition of 
the woman. ‘The precise nature of the injury should be 
defined before deciding the best method of repair. A 
complete assessment of renal function and delineation 
of the ureter’s full length are performed by radiography 
and laboratory investigations. There is no specific 
medical therapy for ureteric injury, although potential 
concomitant conditions such as infection and renal 
failure should be treated medically. Management of 


ureteric injury (Box 77.4) by the urologist depends on 
the length and location of injury. 

When ureteric injury is recognized at the time of 
surgery, immediate reconstruction or reimplantation 
delivers the best results. Retrograde ureterography is a 
useful test to localize the lesion and determine further 
management. All transected ureters need stenting to 
maximize urinary diversion. A double-J stent may be used 
for this purpose. A passive retroperitoneal drain, such as a 
penrose drain, should be used to limit urinoma formation. 
Active drains may prolong leakage by exerting negative 
pressure and should be avoided. The bladder needs to be 
decompressed using a Foley’s or Malecot’s catheter. When 
recognition of ureteric injury has been delayed, repair 
should not be delayed. 

Exceptions include sepsis, extensive hematoma 
or abscess formation at the site of injury or when the 
woman is hemodynamically unstable (Box 77.5). In 
these situations it is preferable to perform percutaneous 
nephrostomy drainage of the renal pelvis or a retrograde 
ureteric stent placement and delay surgery until the 
complication is resolved. 


Ureteroureterostomy 


When the ureteral injury is discovered after the initial 
gynecologic procedure, the urologist must decide whether 
to enter through the original incision and approach the 
ureter transperitoneally or to make a new incision and 


Box 77.4: General principles of ureteric repair 


Box 77.5: Complications following surgery for ureteric injury 
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Box 77.6: Management options for ureteric injury 


approach the ureter using a retroperitoneal approach 
(Box 77.6). Both the approach is acceptable and each has 
distinct advantages and disadvantages. 

In the transperitoneal approach, an incision is made 
through the scar of the old incision. The dissection is 
extended down to the peritoneal cavity and, once the small 
bowel and colon are identified, a vertical incision is made 
along the left side of the small bowel mesentery. Blunt 
dissection is performed in the retroperitoneum until the 
desired ureter is identified. If the inferior mesenteric artery 
limits the exposure, it can be divided without consequence. 
If the left lower ureter is the area of the injury, the sigmoid 
can be mobilized medially to gain adequate exposure. 

In the retroperitoneal approach, after the incision 
is made, the external oblique, internal oblique and 
transversus abdominis muscles are dissected in a muscle 
splitting manner. Once the transversalis fascia is incised, 
take care of not to enter the peritoneal cavity. The 
peritoneum and its contents are retracted medially, and 
the ureter is located in its extraperitoneal position. 

The ureter is most consistently found at the 
bifurcation of the common iliac artery, but it is often 
difficult to identify, especially when dilated. Steps that 
can differentiate the ureter from a blood vessel with a 
similar appearance include pinching the structure with 
forceps and watching for peristalsis. If peristalsis occurs, 
the ureter has been identified. Additionally, a fine 
needle can be placed into the lumen of the questionable 
structure. If urine is retrieved through aspiration, the 
ureter has been identified; if blood is aspirated, the 
structure is a blood vessel. 

Once the ureter is identified and dissected from its 
surrounding tissues, the diseased segment is excised. 


Fig. 77.2: Principles of reconstruction of ureters; tension-free 
spatulated anastomosis 


Take particular care not to disrupt the adventitia of the 
ureter, because its blood supply is contained within 
this layer. If difficulty is encountered in identifying the 
diseased segment, retrograde ureteropyelography can be 
performed to aid in localizing the lesion. Another option 
is to place a ureteral catheter cystoscopically up to the 
lesion; the ureteral catheter can then be palpated during 
the ureteral dissection. 

Stay sutures are placed in each end of the ureter and the 
ureter is mobilized enough so that tension free anastomosis 
(Fig. 77.2) can be performed. Simple ureteroureterostomy 
is typically performed for ureteral lesions shorter than 2 
cm. Ifthe lesion is longer than 2 cm, or ifit appears that the 
ureteral ends will not come together without tension, seek 
an alternative surgical approach. Options include further 
mobilization of the ureter, mobilization of the ipsilateral 
kidney, transureteroureterostomy, ureteroneocystostomy, 
ileal ureter interposition or a combination of the above. 

Once the ureter appears to have enough length to be 
anastomosed without tension, both ureteral ends are 
spatulated. Two 5-0 absorbable sutures are placed in 
through the apex of the spatulated side of one ureter and 
out through the nonspatulated side of the opposite ureter. 
Each suture is tied and a running stitch is performed on 
one half of the ureter. The same steps are performed to 
complete the anastomosis on the opposite half. 

Before completion of the second half, a double-J 
ureteral stent is placed by first placing a 0.038 cm teflon 
coated guide wire caudally and passing a standard 7F 
double-J stent over the wire. The wire is pulled after the 
position of the distal portion of the stent is confirmed 
within the bladder. Next, a small hole is made within the 
stent, such that the wire can be passed cephalad, placed 
into the proximal tip of the stent and comes out of the 
created hole in the side of the stent. Once the position of 
the cephalad tip in the renal pelvis is confirmed, the wire 
is pulled, leaving a well-positioned stent. 

After the anastomosis is completed, a penrose drain is 
placed in the retroperitoneum and is brought out through 
the skin. Omentum may be retrieved from a small incision 
in the posterior peritoneum and can be used to wrap 
the repair. Adjacent retroperitoneal fat may be used. The 
anterior abdominal fascia and skin are closed. 
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Figs 77.3A to C: The psoas hitch is a useful technique for bridging a defect involving the lower third of the ureter. Indications 
include distal ureteral injury, ureteral fistulae secondary to pelvic surgery, segmental resection of a distal ureteral tumor, and failed 


ureteroneocystostomy 


Psoas Hitch (Figs 77.3A to C) 


The damaged segment of ureter is excised, a stay stitch 
is placed on the proximal segment of the ureter and the 
distal stump is ligated. Superior pedicle of the bladder 
is ligated on the ipsilateral side and the bladder wall is 
incised transversely, a little more than halfway around 
the bladder, in an oblique manner across the middle of 
its anterior wall at the level of its maximum diameter. This 
horizontal incision, when closed vertically, the effect of 
the incision is the elongation of the anterior wall of the 
bladder so that the apex of the bladder can be positioned 
and fixed with the tendinous portion of the psoas minor 
muscle without tension above the iliac vessels. Now the 
ureter is joined with the apex of the mobilized bladder 
with an anti refluxing technique if the length of the ureter 
permits. Some times ureteroneocystomies with proper 
antirefluxing techniques may not be possible in these 
situations (Box 77.6). 


Boari Flap (Figs 77.4A to E) 


Following the ureter is identified and exposed, a stay 
stitch is placed in healthy ureter tissue just proximal to 
the injury and the remaining end of the ureter is tied 
off. Necessary length of the bladder flap is measured 
and the length of the bladder flap should equal the 
distance between the posterior wall of the bladder and 
the end of the healthy proximal ureter. The width of the 
apex should be at least three times the diameter of the 
ureter to prevent constriction after the flap is tubularized 
(Box 77.6). 


Figs 77.4Ato E: Boari flap: A tube of bladder tissue constructed to 
replace the lower third of the ureter when this has been destroyed 
or damaged or has to be removed because of injury or the removal 
of a tumor in the pelvis 
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16 cm 


5 A 


Figs 77.5A to C: A new technique for replacing the ureter based on the Yang-Monti principle 


Yang-Manti’s Principle of Replacement of 
Ureter with Small Gut (Figs 77.5A to C) 


Yang-Manti's Principle 


About 6 to 8 cm of the ileum was prepared and tabularized 
to make up a length of 18 cm to substitute the left 
strictured ureter. Technique A, isolated ileal segment 
is divided into 3 equal 2.5 cm parts. Each segment is 
incised paramesenterically along its longitudinal axis. B, 
incised segments are unfolded, resulting in 3 intestinal 
plates. C, plates are sutured to each other using 4-zero 
absorbable sutures, resulting in uniform 2.5 x 18 cm plate. 
It is tubularized around 16Fr Nélaton tube using 4-zero 
absorbable sutures. D, distal end of ileal tube is implanted 
into bladder by nonrefluxing ileovesicostomy using Lich- 
Gregoir principle. 


CONCLUSION 


The ureteral injury is one of the most serious complications 
of gynecologic surgery and are often associated with 
significant morbidity, the formation of ureterovaginal 
fistulas and the potential loss of kidney function, 
especially when recognized postoperatively. Due to the 
above reasons, injuries to the urinary tract, particularly 
the ureter, are the most common cause for legal action 
against gynecologic surgeons. When a ureteral injury does 
occur, quick recognition of the problem and a working 
knowledge of its location and treatment are essential in 
providing patients with optimal medical care. Explanation 
to the woman of her injury and its implications should 
always be made and documented. 
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PRELUDE 


Afiquor Rahman 


Interstitial cystitis (IC) is probably the most controversial 
of all urologic diseases. Interstitial cystitis, also called as 
painful bladder syndrome (PBS),' is a chronic condition 
characterized by a combination of uncomfortable bladder 
pressure, bladder pain and sometimes pain in pelvis, 
which can range from mild burning or discomfort to 
severe pain. A definition of the syndrome is not universally 
accepted. This is primarily a disease of the middle-aged 
women characterized by fibrosis of the bladder wall with 
consequent loss of bladder capacity.” 

Numerous theories on its etiology have been suggested; 
however, there is little evidence of support for most of 
them. Currently the two most popular theories are: 

1. An autoimmune mechanism 
2. Defective bladder surface lining ofglycosaminoglycans. 


NEW CONCEPTS 


High level of urinary potassium may induce the sensory 
nerve to depolarize. This sensory nerve depolarizing may 
cause pain urgency and may results tissue destruction. 

The primary changes include fibrosis of the deeper 
layer of bladder wall leading to decreased capacity of the 
organ. Microscopically the mucosa is thin or denuded. 
The lamina propria is congested and engorged with signs 
of inflammation. The muscles are replaced by varying 
amount of fibrous tissue. The lymphatics may be engorged, 
and increased mast cells and lymphocytic infiltration were 
seen. 


INTERSTITIAL CYSTITIS SYMPTOMS 


e A persistent and urgent need to urinate. 

e Frequenturination, often of small amounts, throughout 
the day and night. People with severe IC may urinate as 
often as 60 times a day. 


Interstitial Cystitis 


e Pain in your pelvis (suprapubic) or between the vagina 
and anus in women, or the scrotum and anus in 
men (perineal). 

e Pelvic pain during sexual intercourse. Men may also 
experience painful ejaculation. 

e Chronic pelvic pain. 

Some people affected by IC experience only pain and 
some experience only frequent and urgent urination. 
Most affected people, however, experience both pain 
and frequent, urgent urination. Although signs and 
symptoms of IC may resemble those of a chronic urinary 
tract infection, urine cultures are usually free of bacteria. 
However, a worsening of symptoms may occur if a person 
with IC gets a urinary tract infection. 


DIAGNOSIS 


The diagnosis of IC is one of exclusion based entirely on 

clinical and cystoscopic criteria‘ which is described as 

follows: 

e A chronic history of unexplained bladder irritability 
and suprapubic pain 

e Frequency and nocturia without incontinence 

e Negative physical examination 

e Negative urinalysis and culture. 


Cystoscopic Findings 


e Characteristic submucosal pinpoint  petechial 
hemorrhages (glomerulations) shown in Figure 78.1 
can be seen on cystoscopy following repeated bladder 
distention, under 70 cm of water pressure (anesthesia 
required). Ulcerations, once thought to be common, 
are actually rarely found (Hunner’s ulcer is therefore a 
misleading eponym). 

e No evidence of carcinoma in situ is seen on bladder 
biopsy and urine cytology (interstitial mast cell 
infiltration, however, is frequently noted on histology). 
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Fig. 78.1: Glomerulation of bladder consistent with interstitial 
cystitis 


e Cystometric studies are essentially normal with the 
exception of a small bladder capacity. 


Potassium Test (Persons Test) 


No symptoms observed after instillation of potassium 
solution in the bladder. In IC, the potassium will leak 
through the denuded transitional epithelium and will 
depolarize the sensory nerve ending causing urgency and 
pain. 


MANAGEMENT 


This is a disease, which rarely progresses and presents 
little threat to the patient’s health. However, it can cause 
intolerable morbidity, at times making the patient’s life 
unbearable. The uncertain etiology and diagnosis only 
worsen matters for these unfortunate patients when they 
are dealing with physicians. The goal of management is 
symptomatic relief.* Some of the more successful forms of 
therapy are listed below: 


Bladder Training Program 


People who have found adequate relief from pain may 
be able to reduce frequency by using bladder training 
techniques. Methods vary, but basically patients decide 
to void, empty their bladder at designated times, and 
use relaxation techniques and distractions to keep to the 
schedule. Gradually, they try to lengthen the time between 
scheduled voids. A diary, in which voiding times can be 
recorded, is helpful in keeping track of progress. 


Intravesical Installation of Dimethyl Sulfoxide 


Intravesical installation of dimethyl sulfoxide (DMSO) 
is the most commonly used treatment for IC and can be 
expected to give at least temporary relief to 50-70% of 
the patients.’ Fifty milliliters of a 50% solution of DMSO 
is instilled into the bladder by a urethral catheter and 
allowed to remain for 15 minutes before asking the patient 
to void. Instillations are repeated every 2 weeks until relief 
is obtained. 


Anti-inflammatory Medications 


Anti-inflammatory medications, such as corticosteroids 
and azathioprine, produce unpredictable results and the 
risk of immunosuppressive complications are considered 
too high for routine use. 


Sodium Pentosan Polysulfate (Elmiron) 


Sodium pentosan polysulfate (Elmiron) is a synthetic 
analog of heparin with anti-inflammatory and anti- 
angiogenesis effects. Earlier success with oral Elmiron 
could not be repeated in a double-blind trial. 


Bladder Distention 


Some people notice a temporary improvement in 
symptoms after undergoing cystoscopy with bladder 
distention. Bladder distention is the stretching of the 
bladder with water or gas. The procedure may be repeated 
as a treatment if the response is long lasting. Hydrostatic 
distention of the bladder under anesthesia has therapeutic 
value in approximately 30% of patients in addition to its 
diagnostic value. 


Other Forms 


Other forms of therapy include transcutaneous electrical 
nerve stimulation and intravesical heparin installation. 
Antihistamine may offer some relief. 


Potassium Protocol 


e In potassium-positive patients, best results are 
obtained with pentosan  polysulfate sodium 
(Elmiron). In potassium negative cases oxybutynin, 
DMSO, heparin with or without anti-depressant drug 
may be useful. 

e Transurethral fulguration and resection of the ulcer 
may provide healing with a healthy tissue. 
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e Bladder denervation (cystolysis) has variable success 
in relieving the patient’s symptoms and increasing 
bladder capacity. 


Placement of Permanent Pacemaker 


Electrical nerve stimulation involves a placement of 
permanent pacemaker to control bladder activity. This is a 
new concept and only short-term variable results available. 


Augmentation Cystoplasty 
Augmentation cystoplasty with supratrigonal cystectomy 
is sometimes necessary for patients with intolerable pain 
or small contracted bladders." 


Home Management 

The emotional support of family, friends and other people 
with IC/PBS is very important in helping patients cope. 
Studies have found that people who learn about the 
disorder and become involved in their own care do better 
than people who do not. 
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The urethral caruncles are benign, distal urethral lesions 
that are most commonly found in postmenopausal 
women. Currently, a case of urethral caruncle has also 
been described in a male.' Urethral caruncles resemble 
various urethral lesions including carcinoma. Differential 
diagnoses of urethral caruncle include urethral 
diverticulum, urethral prolapse, urethral carcinoma and 
periurethral gland abscesses. The urethral caruncles, 
which often originate from the posterior lip of the urethra, 
may be described as fleshy outgrowths of distal urethral 
mucosa. They are usually small but can grow to 1-2 cm in 
diameter.’ 


FREQUENCY 


The etiology of the lesions is not clearly understood. The 
urethral caruncles are common in elderly postmenopausal 
women but are rare in premenopausal or perimenopausal 
women. The urethral prolapse may also occur in 
postmenopausal females, though less commonly, and 
may play a role in the pathogenesis of caruncles. 


PATHOPHYSIOLOGY 


Distal urethral prolapse may be caused by estrogen 
deficiency. Some times a chronic irritation may contribute 
to the growth, hemorrhage and necrosis of the lesion. 
Urethral The urethral polyps are the pediatric equivalent 
of urethral caruncles and manifest in a similar fashion. 
They should be differentiated from malignant lesion of the 
urethra.’ 


PRESENTATION 


The urethral caruncles are asymptomatic and are 
incidentally noted on pelvic examination; however, some 
may be painful, and others may be associated with dysuria. 


Urethral Caruncles 


Most often, they appear clinically as a pink or reddish 
exophytic lesion at the urethral meatus; in rare cases, they 
are purple or black secondary to thrombosis. Women may 
present with a urethral caruncle with bleeding or blood on 
the undergarments. 


WORK-UP 


Laboratory Studies 


Obtain a urinalysis to rule out urinary tract infection 
when pain, discomfort, or dysuria is present or when an 
operative intervention is planned. 


Diagnostic Procedures 


Cystoscopy can be performed, either in the office or at 
the time of excision, to rule out more serious pathologies, 
but is not necessary when the diagnosis is obvious and no 
intervention is planned. 


Histologic Findings 


Microscopically, a urethral caruncle resembles a bed 
of granulation tissue covered by either squamous or 
transitional epithelium. Infolding of epithelium may 
create papillary architecture. Inflammatory infiltration is 
common. 


TREATMENT 


Management 


Conservative therapy with warm sitz baths, topical 
estrogen creams and topical anti-inflammatory drugs may 
be appropriate in some patients. An excisional biopsy is 
logical. The surgical intervention should be considered for 
patients with larger symptomatic lesions and for women 
with uncertain diagnoses.*” 
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Surgical intervention can be done for patients with 
larger symptomatic lesions and for those with uncertain 
diagnoses. When there is any doubt in the diagnosis, 
excision is recommended with a standard vaginal 
preparation and antibiotics are recommended. The 
surgical excision is usually an outpatient operation and 
involves the following steps.*” 

A cystourethroscopy should be performed to rule out 
bladder and urethral abnormalities and can be performed 
in the office upon initial patient presentation to rule 
out concomitant other pathologies (e.g. transitional 
carcinoma, diverticulum and abscess). 

e A Foley’s catheter is placed in the urethra. 

e ‘The stay sutures are placed in the epithelium to prevent 
mucosal retraction and meatal stenosis. 

e The lesion is excised (Figs 79.1A and B). 


Urethral mucosa 


Urethral muscles 


Vestibular epithelium 


e ‘The edges of the epithelium are reapproximated with 
4-0 or 5-0 absorbable sutures (Fig. 79.1C). 

e Indwelling Foley’s catheter may be left in place for 1-2 
days to allow for appropriate healing of the urethral 
mucosa (Fig. 79.1D). 


FOLLOW-UP 


When the lesion is benign, no special follow-up arrangement 
other than a routine postoperative visit is required. 


COMPLICATIONS 


During the surgical excision if the epithelium is not 
everted adequately with the stay-stitch, meatal retraction 
and stenosis may occur. 


Figs 79.1A to D: (A) Urethral caruncle about to be excised; (B) Urethral caruncle excised; (C) Reconstruction of urethra with 
4/0 or 5/0 vicryl; (D) Procedure is completed 
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OUTCOME AND PROGNOSIS 


Usually the prognosis is excellent if pathology confirms 
urethral caruncle as the diagnosis. 


FUTURE AND CONTROVERSIES 


Since the etiology of these lesions is not clearly understood, 
the improvements in medical therapies may obviate 
surgery.*” 
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The obstruction of urinary tract is a common problem 
encountered by urologists and general practitioners. It 
can occur at any part in the urinary tract, from the kidneys 
to the urethral meatus and may lead to calculi, tumors, 
strictures, loss in renal function, urinary tract infection, 
sepsis or even fatal outcome.! 


HISTORY 


Recognition of urinary tract obstruction (UTO) dates back 
to the time of Hippocrates. By the middle ages, flexible 
catheters and the rubber catheters were developed in 
the 19th century to relief the urinary obstruction. The 
suprapubic access to the bladder can be traced back to 
the 16th century, was refined in the 20th century and even 
today, it is a common mode for relief of UTO.’ 


ETIOLOGY 


Obstruction of urinary flow can occur anywhere from the 
kidneys to the urethral meatus (Fig. 80.1). Certain points 
along this path are more susceptible to obstruction. 

The three points of narrowing along the ureter include: 
1. Ureteropelvic junction (UPJ) 

Crossing of the ureter over the area of the pelvic brim 

(the iliac vessels) 

3. Ureterovesical junction (UVJ). 

In older women, prolapse of pelvic structures, such as 
the uterus and bladder, can lead to UTO while in younger 
women, pregnancy can cause UTO secondary to ureteral 
obstruction from the gravid uterus. 

The enlarged prostate benign prostatic hyperplasia 
may lead to UTO in men. Urinary tract obstruction from 
calculi, strictures, or tumors (intrinsic or extrinsic) may be 
encountered in both sexes. 

Most common cause of acute obstructive uropathy is 
an impacted calculus. Ureteric obstruction also may be 
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the result of blood clots and mucosal edema, sloughed 
papillae secondary to papillary necrosis occasionally may 
cause symptoms and signs of acute obstruction. Rarely 
found in patients with diabetes and in debilitated patients, 
fungal balls from Candida or Aspergillus may produce 
obstruction. Inadvertent ligation of ureter is a well 
recognized complication of abdominal and pelvic surgery, 
especially gynecologic interventions.* Ureteric obstruction 
is more frequently seen in children, commonly due to UPJ 
or UVJ obstruction, ectopic ureter, ureterocele posterior 
urethral valve and posterior urethral valve, etc.’ 


PATHOPHYSIOLOGY OF OBSTRUCTIVE 
NEPHROPATHY 
The obstruction causes distention of the urinary tract 


proximal to the point of obstruction. There is distention in 
the pelvicalyceal system (PCS) proximal to the obstruction, 


Collecting system Hydronephrosis 


Ureter Hydroureter 


Bladder 


Fig. 80.1: Right urinary tract is normal but the left urinary 
tract is obstructed 
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caused by increased pressure and can result in pain, 
which may be the first signs of obstruction.” Obstructed 
urinary tract causes urine stasis and predisposing to urine 
infection. 

Microscopic findings consist of dilation ofthe collecting 
ducts and distal tubules, and chronic tubular atrophy 
with little glomerular damage (Fig. 80.2). The creation of 
dilation takes about 3 days from the onset of obstructive 
uropathy to develop; before then the collecting system is 
relatively noncompliant and less likely to dilate. 


Changes in Kidney 


The obstructive nephropathy is renal dysfunction causing 
tubulointerstitial damage and leading to renal insufficiency 
or renal failure resulting from UTO.’ Mechanism involved 
in the disease process are increased intratubular pressure, 
local ischemia and often, urinary tract infection. 

Urinary obstruction may result in type 1 renal tubular 
acidosis due to reduced distal hydrogen secretion probably 
because of a defect in the hydrogen ion transporter and 
sodium wasting can occur and predispose to extracellular 
fluid volume depletion. 

When the obstruction is bilateral, nephropathy may 
result in renal insufficiency. Following the production 
of urine, it empties into the calyces, where pacemaker of 
kidney sites, generates peristaltic activity to propel urine 
into pelvis, and conveys into the ureter, where further 
peristalsis moves the urine in boluses into the bladder. 
Baseline pressure in the pelvis of the kidney is of 0-10 cm 
water, with peristaltic waves producing pressures in the 
range of 20-60 cm water. 

Acute obstruction of ureter may generate the pressure 
within the collecting system, and ureters above the point 
of obstruction can increase dramatically in excess of 80 cm 
water. The intratubular pressure is also elevated, leading 
to progressive renal impairment in the face of continued 
obstruction. 

To overcome the situation, the kidney attempts to 
maintain excretory function by mechanisms for urine 
resorption, termed renal and pyelosinus backflow. The 
urine extravasates from a rupture of a calyceal fornix 
into the perinephric spaces where it is resorbed. The 
pyelovenous, pyelotubular and pyelolymphatic backflow 
are other compensatory mechanism.”* It has been seen 
to have complete recovery of function occurred when the 
obstruction was relieved in 7 days in experimental models. 
However, permanent loss of function was observed when 
the obstruction continued for over 6 weeks. 


Fig. 80.2: A pathological specimen of a hydronephrotic kidney 


Changes in Bladder and Ureter 


The infravesical obstruction can lead to changes in 
the bladder, such as trabeculation, cellule formation, 
diverticula, bladder wall thickening and ultimately, 
detrusor muscle decompensation. The progressive 
back pressure on the ureters and kidneys can occur and 
can cause hydroureter and hydronephrosis. Ureter can 
then become dilated and tortuous, with the inability to 
adequately propel urine forward. 

Progressive hydronephrosis can cause permanent 
nephron damage, increases the risk of infection, stone 
formation, and ultimately renal failure. The chronic UTO 
can also lead to permanent damage to the urinary tract 
(Figs 80.3A and B).° 


PRESENTATION 


Clinical presentation of UTO varies with the location, 
duration and degree of obstruction. A thorough history and 
physical examination is the key in the patient evaluation. 

The upper UTO (kidney, ureter) can manifest as 
flank pain, ipsilateral back pain and ipsilateral groin 
pain. Feeling of nausea and vomiting are also common 
and usually occur in acute obstruction. The chronic 
obstruction is usually indolent and may be asymptomatic 
but when association with infection is present, the patient 
may experience fever, chills and dysuria. 
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Residual 
urine in 
bladder 


Thicked 
trabeculated 
bladder 


Enlarged 
prostate 


Figs 80.3A and B: Pathophysiological changes occurs as a result of (A) Benign hyperplasia causing outflow obstruction; 
(B) Chronic bladder outflow obstruction 


When bilateral obstruction or unilateral obstruction 
in a solitary kidney is severe and renal failure is present, 
uremia can be present. The uremic symptoms may include 
weakness, peripheral edema, mental status changes and 
pallor. When the hydronephrosis is severe, the kidney 
may be palpable on physical examination, especially in 
children and when there is infection, the costovertebral 
angle tenderness can indicate pyelonephritis. 

The lower UTO (bladder, urethra) can manifest as 
voiding dysfunction such as urgency, frequency, nocturia, 
incontinence, decreased stream, hesitancy, postvoid 
dribbling and a sensation of inadequate emptying. 
Presence of suprapubic pain or a palpable bladder 
indicates acute urinary retention. Bleeding or hematuria 
may be present with or without infection. 

Digital rectal examination can reveal prostatic 
enlargement, decreased rectal tone or prostatitis. The 
urethral stricture often requires urethrogram and cytoscopy 
for diagnosis but meatal stenosis is usually apparent on 
physical examination. The women may exhibit a genital 
or uterine prolapse which can be visualized on a pelvic 
examination and also a urethral diverticulum, caruncle or 
neoplasm can be palpated on pelvic examination. Stenosis 
or urethral stricture in women may not be discovered on 
clinical examination. 


WORK-UP 
Urinalysis 


The urinalysis can provide useful information in evaluating 
for infection or hematuria. The presence of nitrite or 
leukocyte esterase positive urine indicates infection and 
the urine should be sent for culture analysis and antibiotic 
susceptibility. Presence of red blood cells in the urine can 
be present in infection, stones or tumor. All patients should 
be evaluated to ensure that malignancy is not present and 
may require urine cytology and a full hematuria work-up 
(cystoscopy, ureteroscopy and upper urinary tract 
imaging). The urine pH is useful in the evaluation and 
work-up of stones. 


Basic Metabolic Panel 


The renal insufficiency is detected on a basic metabolic 
panel based on elevated blood urea nitrogen and 
creatinine levels and may be resulted from bilateral 
renal obstructive processes or obstruction in a solitary 
kidney. Electrolyte abnormalities can also be present 
in renal insufficiency. Hyperkalemia and acidosis may 
be present. 
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Complete Blood Cell Count 


Evidence of leukocytosis indicates infection. The anemia 
can be due to acute blood loss or chronic processes (e.g. 
chronic renal insufficiency, malignancy). 


IMAGING STUDIES 
Ultrasonography 


The ultrasonography (US) of the kidneys and bladder 
is a useful imaging modality as an initial study. This is 
a noninvasive inexpensive study that does not involve 
radiation exposure or depend on renal function and it is 
initial study of choice in pregnant women. Ultrasonography 
is a very useful source of imaging for children. The US 
is sensitive in revealing renal parenchymal masses, 
hydronephrosis (Fig. 80.4), a distended bladder and renal 
calculi but the accuracy of this imaging modality depends 
heavily on the experience of the ultrasonographer. 

Combination of renal US with plain film of the kidneys, 
ureters and bladder (KUB) is an inexpensive initial 
combination which may provide even better information 
than intravenous urogram.")” 

Hallmark of obstruction on US in the presence of 
hydronephrosis, indicated by prominent anechoic 
structures within the renal sinus represents a dilated PCS. 
Stone in pieces also may be demonstrated as echogenic 
foci with or without shadowing, depends on the size 
of the calculi. Smaller stones may be blending into the 
echogenic renal sinus but larger stones show a typical 
picture. Ultrasonography scan may detect UPJ and UVJ 
stones with dilation of ureter. Because of the above facts 
it is an important screening examination in most patients 


Fig. 80.4: Hydronephrosis of left kidney detected by ultrasound 


particularly in pregnant patients with acute flank pain and 
in acute renal failure. "+ 

The Doppler sonography is an additional tool that may 
be employed when radiation exposure is undesirable, 
such as in pregnant patients. Resistive index (RI), which is 
a measure of impedance to renal blood flow, may be raised 
when obstruction to urine outflow exists. Obstruction 
is indicated by an RI greater than 0.70 and decreased 
perfusion will result in an elevated RI. Color Doppler may 
show ureteral jets in VUR patients. 

The peripelvic cysts, an extrarenal pelvis or even 
a normal collecting system may be misinterpreted as 
representing hydronephrosis. The Doppler sonography 
can help by readily distinguishing renal hilar vessels from 
a slightly dilated collecting system.'*'° 


Computerized Tomography Scan 


The computed tomography (CT) scan is very useful in 
providing anatomic detail and is often a first line test 
in the evaluation of a patient. The CT scan provides 
information regarding the urinary tract, as well as any 
possible retroperitoneal or pelvic pathologic condition 
that can affect the urinary tract via direct extension or 
external compression. The noncontrast CT scan should 
be obtained to assess for calculi. When calculi are found, 
flat plate radiography of the abdomen (KUB) should be 
obtained to help determine calcium content and stone 
shape and to assist in monitoring the progress of the stone 
(Fig. 80.5). The progress can be observed with periodic 
simple radiography. 


Fig. 80.5: Noncontrast computed tomography scan showing 
gross hydronephrosis due to a stone in the pelviureteric junction. 
Currently noncontrast computed tomography is the best 
noninvasive investigation for acute renal colic 
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Helical CT has dramatically altered the diagnostic 
imaging approach to patients presenting with acute flank 
pain. Non contrast unenhanced helical CT has both a high 
sensitivity of 95-98% and a high specificity of 96-100% in 
detecting ureteral calculi in the acute setting. !®" 

In an unenhanced helical CT, calcified calculi appear 
as opaque densities within the genitourinary tract, as in 
radiographs and interestingly, calculi that are radiolucent 
on plain film also are of high attenuation on CT." 

Administration of intravenous (IV) contrast material 
may help delineate the ureter and determine whether the 
obstruction is indeed secondary to extrinsic compression. 
Some patients may need intravenous urogram (IVU) 
or direct visualization of the urinary tract (cystoscopy, 
ureteroscopy) to establish the diagnosis. 

The contrast enhanced CT in obstruction produces 
findings similar to that first described with IVU (Fig. 80.6), 
revealing a prolonged parenchymal phase. Persistent 
nephrogram, in which the kidney appears with either a 
homogeneous or mottled density, results from delayed 
passage of contrast into the collecting system. 

Thecontrasted CT scanis needed to provideinformation 
on renal pathology. Delayed contrast images are obtained, 
CT urography with three-dimensional reconstruction 
can provide excellent visualization of the entire upper 
urinary tracts. The CT scan also provides information to 
identify or rule out any other intra-abdominal processes 
that can cause presenting symptoms (e.g. appendicitis, 


Fig. 80.6: Delayed film intravenous urography of obstructed 
megaureter, showing fullness of the pelvic ureter, normal proximal 
ureter and calyces 


cholecystitis, diverticulitis, abdominal aneurysms and 
ovarian cysts).?° 


Intravenous Urography 


Intravenous urography (IVU) involves the injection of 
contrast material into the venous system anda series of KUB 
radiographs over time. It can be performed in patients with 
anormal creatinine value (< 1.5 mg/dL) for visualization of 
the upper urinary tract. It provides both anatomical and 
functional information. Delayed calyceal filling, delayed 
contrast excretion, prolonged nephrography results and 
dilatation of the urinary tract proximal to the point of 
obstruction characterize obstruction. It is interesting to 
note that IVU is superior to CT scan in revealing small 
urothelial upper tract lesions and if IVU is inadequate, 
retrograde pyelography can be performed to completely 
visualize the renal pelvis or ureter. Combination of CT 
scan and IVU test is commonplace. With this combined 
technique, both modalities can be used and may be 
termed as CT urography.31423,22-26 


Nuclear Imaging 
Findings 


The scintiscans and time activity curves 15 minutes 
before (F-15 study) or 15 minutes after (F + 15 study) 
administration of a diuretic (furosemide) are obtained 
over a period of approximately 35 minutes. A normal 
renogram shows initial increased activity as tracer 
accumulates within the kidney, and as the tracer moves 
into the collecting system and ureter, the activity in the 
kidney starts to drop. Kidneys with dilated collecting 
systems, an up slope in the time activity curve, occurs as 
tracer is retained within the kidney. 

The administration of furosemide in a nondilated 
kidney results in a washout of tracer activity from the 
collecting system, reflected as a down slope on the time 
activity curve. TY is defined as the time taken for reduction 
of activity by 50%; anormal TY is less than 10 minutes with 
Tc 99m-mercaptoacetyltriglycine (MAG3). 

When the collecting system is dilated, a decrease in 
activity with furosemide indicates a nonobstructive cause 
of dilatation. In an obstructed kidney, no response is 
observed following the injection of furosemide. Prolonged 
T % greater than 20 minutes is highly indicative of 
obstruction. In addition, the scintiscans, while providing 
the data for the time activity curve, may also indicate the 
site of obstruction, past which little or no activity is seen. 

The diuretic renography (Fig. 80.7) is an extremely 
useful examination in distinguishing obstructive from 
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Fig. 80.7: Diethylenetriamine penta-acetic acid renal scan, bilateral 
hydronephrosis and megaureters, left ureter incompletely filled 


nonobstructive urinary tract dilatation, especially when 
collecting system dilatation has been detected on another 
imaging study (Fig. 80.7). Generally, it correlates with 
findings at surgery and ureteral perfusion studies and 
to make this study definitive, renal function must be at 
least partially preserved. Glomerular filtration rate (GFR) 
must be greater than 15 mL/minute for an obstructive 
time activity curve to be judged accurate. Patients with 
the GFR are less than 15 mL/minute, no response to the 
administration of furosemide is observed and no washout 
of activity occurs regardless of the presence or absence 
of obstruction. Many times a false positive results for 
obstruction are encountered predominantly as a result 
of impaired renal function and overly dilated collecting 
systems. In both cases result in a delayed washout phase, 
leading to the erroneous diagnosis of obstruction and in 
addition, use of an inadequate dose of diuretic may lead to 
a similar conclusion. 

A false negative finding is lower and may result from 
a noncompliant collecting system. Partially obstructed 
urinary tract, the high flow state following diuretic 
administration may overcome the obstruction, resulting 
in a normal appearing time activity curve.?’” 


Magnetic Resonance Imaging 


The magnetic resonance imaging (MRI) is not a first line 
test used to evaluate the urinary tract. Patients who cannot 
tolerate a CT scan with contrast, an MRI with gadolinium 


Fig. 80.8: This child was found to have a left sided pelviureteric 
junction obstruction 


can be performed to reveal any enhancing renal lesions. 
The MRI (Fig. 80.8) is useful in delineating specific tissue 
planes for surgical planning, as well as in evaluating the 
presence or extent of a renal vein or inferior vena cava 
thrombus in cases ofrenal tumors. The MRI does not reveal 
urinary stones well, so it is often not used as a first line test. 

The use of ultrafast Tl and T2 weighted techniques 
such as spoiled gradient echo (T1) and single shot fast 
spin echo (T2) have been reported to be highly sensitive 
and specific for determining the presence of both ureteral 
calculi and acute obstructive uropathy. However, in 
magnetic resonance urography” (Fig. 80.9), the degree of 
dilatation must be sufficient to use the native urine as a 
contrast agent.*” 


Retrograde Urethrography 


The radiographic dye is injected into the urethral meatus 
via Foley catheter at the distal urethra. The fluoroscopy 
is used to visualize the entire urethra for stricture or any 
abnormalities and this test can be particularly useful in 
working up lower urinary tract trauma.” 


Retrograde Pyelography 


This investigation is carried out by injecting contrast 
materials into the collecting system through a ureteric 
catheter placed into the ureter during cystoscope. The test 
provides invaluable information (Fig. 80.10). 
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Fig. 80.9: Left ureteropelvic junction obstruction in a 15-year-old 
girl. (A) Coronal static-fluid magnetic resonance urogram shows a 
dilated left renal pelvis (arrow); (B) Oblique coronal reformatted 
image from magnetic resonance angiographic data obtained as 
part of an magnetic resonance urographic examination shows a 
crossing vessel (arrow) at the site of a left ureteropelvic junction 
obstruction 


Fig. 80.10: Multifocal transitional cell carcinoma seen on 
retrograde ureteropyelogram 


Nephrostography: This investigation is performed 
in patients who have a nephrostomy tube in place. 
The contrast material is injected antegrade through 
the nephrostomy tube. With fluoroscopy, any 
abnormalities or filling defects in the renal pelvis or 
ureter are visible.*”** 


DIAGNOSTIC PROCEDURES 


Cystoscopy 


The cystoscopy is the placement of small instruments 
with a telescope called a cystoscope through the urethral 
meatus and passing through the urethra into the bladder. 
Abnormalities in the urethra, prostatic urethra, bladder 
neck and bladder can be visualized and this can be 
performed in the office or in the operating room. 


Cystoscopy with retrograde pyelography: Retrograde 
ureteropyelography is performed in the operating room 
with a cystoscope in the bladder. Nonionic contrast 
material is injected into each ureteral orifice through a 
special ureteric catheter and following that the use of 
fluoroscopy provides an outline of any ureteral or renal 
pelvis filling defects or abnormalities. This investigation 
can also be used in patients with an allergy to contrast 
material because the contrast remains extravascular. 


TREATMENT 


Medical Therapy 


The patient having complete UTO or any type of obstruction 
in a solitary kidney may lead to a renal failure and needs 
immediate attention by a urologist in a good urology 
center. Pain if not controlled with oral medications or with 
persistent nausea and vomiting that causes dehydration, 
also need immediate urological attention. Partial or 
incomplete UTO in the absence of infection can be initially 
managed with analgesics and prophylactic antibiotics 
until a complete urologic evaluation is performed and 
definitive management is completed. 

The antibiotics are often given for prophylaxis and 
should cover common urinary tract pathogens. Most 
commonly used antibiotics include trimethoprim- 
sulfamethoxazole, nitrofurantoin, cephalosporins and 
fluoroquinolones. The pain secondary to UTO is often 
managed with pethidine, morphine and nonsteroidal 
anti-inflammatory medications. 
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Stones less than 5 mm in diameter delivered out 
spontaneously. Stones larger than 5 mm and stones 
lodged in the proximal ureter are less likely to resolve on 
their own and require intervention. Choice and method of 
intervention depends on the location and composition of 
the stone, presence of infection, preceding treatment and 
anatomy of the urinary tract. 

When the obstruction is not relieved, endourologic 
procedures such as retrograde ureteroscopy and lithotripsy 
may be attempted and supplemented with an insertion of 
a ureteral stent. The extracorporeal shock wave lithotripsy 
commonly is performed on renal and ureteral calculi 
with success but is contraindicated in obstruction, unless 
a urinary diversion procedure allows for passage of the 
stone fragments. 

In some cases ofureteral obstruction, the interventional 
radiologist performs US and/or fluoroscopic guided 
percutaneous nephrostomy and it provides access to the 
collecting system, nephroscopy, lithotripsy and removal of 
large renal calculi are possible. This is a treatment of choice 
in patients with staghorn calculi, which are commonly 
infected and do not respond as well to other treatments. 
Patients with obstructions, with evidence of infection 
and/or sepsis, emergent percutaneous nephrostomy tube 
placement serves to decompress the collecting system.” 


Surgical Therapy 


Generally, the objective of surgical intervention is to 
completely relieve the UTO and can be evaluated with 
reimaging to ensure that the obstruction is resolved, as 
well as renal function monitoring with a creatinine test. 


Principle of Management of Lower Urinary Tract 
Obstruction (Bladder, Urethra) 


Urethral catheter: A urethral catheter (size 8 F-24 F) is a 
flexible external catheter that extends from the bladder 
through the urethra. If catheter placement is difficult it 
may need a suprapubic urinary diversion. 

The catheter can be left indwelling or as an 
alternative, the patient can perform clean intermittent 
catheterization. If blood is present at the urethral meatus 
after pelvic trauma and suspicion of urethral injury exists, 
urologist should be consulted prior to catheter placement. 
Retrograde urethrography needs to be performed to rule 
out urethral injury. 


Suprapubic urinary diversion: Ifa Foley catheter cannot 
be passed, a suprapubic tube can be placed percutaneously 
or in an open fashion. A suprapubic tube is placed on 


the lower anterior abdominal wall, approximately two 
finger breadths above the pubic symphysis. Ultrasound 
guidance should be used for bedside procedures to ensure 
proper placement without injury to adjacent structures. In 
patients with previous abdominal surgery, adhesions and 
scar tissue may have changed the normal bowel location, 
so an open approach may be preferred. 


Principle of Management of Upper Urinary Tract 
Obstruction (Ureter, Kidney) 


Ureteral stent: A ureteral stent is a flexible tube that 
extends from the renal pelvis to the bladder. It can be 
placed during cystoscopy to relieve obstruction along any 
point in the ureter. A ureteral stent generally need to be 
changed every 3 months. 


Nephrostomy tube: A nephrostomy tube is a flexible 
tube that is placed through the back directly into the renal 
pelvis. If a ureteral stent cannot be placed cystoscopically 
in a retrograde fashion, a percutaneous nephrostomy tube 
can be inserted for relief of hydronephrosis. If needed, a 
ureteral stent can then be passed in an antegrade fashion 
through the nephrostomy tube tract. 

To prevent infection or urosepsis, before any surgical 
intervention or any manipulation of the urinary tract, 
broad spectrum antibiotics should be initiated. Before any 
manipulation is performed on routine and elective cases, 
the urine should be sterile. This may not be possible in 
cases of emergent surgical intervention like in managing 
a pyonephrosis a percutaneous nephrostomy has to be 
performed to drain the urine out. The urine culture along 
with the administration of broad spectrum antibiotics is 
important. When the urinary tract is obstructed and super 
added with infection, drainage, either by percutaneous 
techniques or by traditional open technique becomes 
mandatory. Following adequate drainage, the features 
of infection quickly disappears, and antibiotics may 
not be required percutaneous drainage is necessary, 
coagulopathies should be corrected. 


Principle of Intervention 


Different interventions can be performed to temporarily 
relieve the point of obstruction. If the planned procedure 
cannot be performed safely or is not adequate in relieving 
UTO, other modes of urinary tract decompression can be 
tried, e.g. suprapubic urinary diversion or percutaneous 
nephrostomy or stenting of the ureter. 

Long standing UTO or chronic urinary obstruction 
when relieved there may be postobstructive diuresis. The 
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relief of chronic urinary obstruction may be followed 
by not only severe fluid and electrolyte loss leading to 
hyponatremia or shock, it may initiate hematuria also. 
The diuresis is usually self-limiting and can be managed 
conservatively with fluid replacement and, if needed, 
electrolyte replacement. The postobstructive diuresis 
is defined as diuresis of more than 200 mL/hour for at 
least 2 hours. Patients with severe diuresis should receive 
intravenous fluid replacement in the form of half normal 
saline at 80% of the hourly urine volume for the first 24 
hours, then 50%. Postobstructive diuresis usually lasts for 
about 24-72 hours. Most cases are not severe enough to 
require this level of attention. 


FOLLOW-UP 


The definitive treatment at the point of obstruction is 
needed after the acute obstruction is resolved. Various 
definitive surgical treatment options are available for each 
condition. Following the definitive treatment achieved, a 
final imaging study is obtained to verify complete relief of 
the obstruction. 


COMPLICATIONS 


The UTO is a urological emergency and can lead to 
serious complications. This may include infection, 
abscess formation, urosepsis, urinary extravasation 
with urinoma formation, urinary fistula formation, 
renal failure and bladder dysfunction secondary to a 
defunctionalized bladder. 


OUTCOME AND PROGNOSIS 


Prognosis of UTO depends on the cause, location, degree 
and duration of obstruction, as well as the presence of a 
urinary tract infection. Longer the duration of obstruction, 
the greater the severity of obstruction and the presence 
of a concomitant infection can lead to a worse prognosis. 
Prognosis is favorable if the renal function is normal, the 
infection is cleared and the obstruction is relieved in a 
timely manner.**** 
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PRELUDE 


Retroperitoneal fibrosis (RPF) is characterized by 
the development of extensive fibrosis throughout the 
retroperitoneum, typically centered over the anterior 
surface of the fourth and fifth lumbar vertebrae. 
This fibrosis leads to entrapment and obstruction of 
retroperitoneal structures, notably the ureters. In most 
cases, the etiology is unknown. However, its occasional 
association with autoimmune diseases and its response 
to corticosteroids and immunosuppressive therapy 
suggest it is probably immunologically mediated. 
Approximately, 8% of cases are associated with 
metastatic malignancy.'* 

The symptoms and signs associated with RPF are 
nonspecific and diagnosis requires a high degree of 
suspicion. Although a definitive diagnosis can only be 
made based on biopsy findings, intravenous urography 
may provide further support for the diagnosis of RPF, 
particularly if the classic features are present. Computed 
tomography (CT) scanning or magnetic resonance 
imaging (MRI) is essential for evaluating the extent of the 
disease process. 

The aim in management of RPF include preserving 
renal function, reducing the morbidity and suppressing 
inflammatory processes. Although most cases are 
idiopathic, precipitating causes should be excluded, 
particularly malignancy. Surgical ureterolysis has been 
the preferred primary mode of treatment because it 
allows biopsy specimens to be obtained while ureteral 
obstruction is relieved. Recently, the knowledge of a 
possible autoallergic etiology has prompted the use of 
corticosteroids and cytotoxic drugs. 


PATHOPHYSIOLOGY 


Although the exact pathogenesis of RPF has not been 
definitively described, good evidence supports the 
suggestion that it develops as an immunologic response 
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to antigens within atherosclerotic plaques. Autopsy 
and CT studies have shown that fibrosis often begins 
around a severely atherosclerotic aorta. Thinning or 
breaching of the media may allow insoluble lipids, such 
as ceroid, an oxidized low density lipoprotein, to leak into 
periaortic tissue, stimulating an immunologic reaction. 
This theory is supported by the presence of circulating 
anticeroid antibodies and the finding of ceroid containing 
macrophages in nearby lymph nodes. 

For this reason, Mitchinson suggested in a 1984 
report that the condition should be termed chronic 
periaortitis.°° The frequent association of RPF with 
aortic aneurysm and the regression of fibrosis reported 
following aneurysm repair further supports this theory.*’ 
However, the occurrence of RPF in children and those 
without an aneurysm suggests that other factors must be 
involved.** 

In some cases, an immune reaction to an external 
agent may initiate fibrosis. Drugs such as beta blockers, 
methysergide and methyldopa have been implicated, 
possibly by acting as haptens, leading to a hypersensitivity 
or autoimmune reaction.’ The fibrous reaction associated 
with carcinoid tumor is believed to be the result of 
circulating serotonin or its metabolites. Methysergide is 
a strong serotonin antagonist and the rebound release of 
serotonin following prolonged intake may be an alternate 
mechanism in this case. The association of RPF with 
other connective tissue diseases and reported familial 
occurrences suggest genetic factors may also play a role." 
The human leukocyte antigen (HLA)-B27 cell marker has 
been demonstrated in several patients with RPF." 

Recently, investigators have coined the term hyper- 
immunoglobulin G4 (hyper-IgG4) syndrome owing to 
raised levels of IgG4 and abundant IgG4 rich plasma cells 
in the inflammatory infiltrate." Pathogenetic features of 
idiopathic RPF include the following: 

e Human leukocyte antigen-B27 or 

03 haplotype 
e High serum IgG4 concentration 


HLA-DRB1 
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e Raised erythrocyte sedimentation rate (ESR) and 
C-reactive protein (CRP) level 

e Positive serum autoantibodies 

e Marked infiltration of IgG4 positive plasma cells. 
Ureteral obstruction in RPF often appears minimal 

despite severe renal failure. This suggests thatthe obstruction 

relates to impairment of normal ureteric peristalsis by 

fibrotic tissue rather than to mechanical obstruction.” 


MORTALITY/MORBIDITY 


Due to the nonspecific nature of the symptoms, the 
diagnosis of RPF is often delayed. This may lead to 
progressive loss of renal function. 

Envelopment of the inferior vena cava and lymphatics 
mayresultin compression or thrombosis and leads to lower 
limb edema. In addition, involvement of gonadal vessels 
may cause scrotal edema. Occasionally, the duodenum, 
biliary tract, pancreas, large bowel and mesentery 
are involved.'®"’ 

Malignant RPF is associated with poor prognosis and 
most patients have an average survival of approximately 
3-6 months. Idiopathic RPF carries a good prognosis, 
with little effect on long-term morbidity or mortality. 


PRESENTATION 


The peak incidence of RPF is in adults aged 40-60 years.*’° 
Childhood presentation is extremely rare. To date, 
approximately 33 cases in children younger than 18 years 
have been reported.” The symptoms of RPF are vague and 
nonspecific. Duration of symptoms prior to diagnosis is 
approximately 6-12 months.”’” Retroperitoneal fibrosis 
progresses through two clinical stages: 

1. An early phase, which relates to the onset of 

inflammatory process 

2. Alate phase. 

The most common symptom (92% of cases) is a dull, 
poorly localized, noncolicky pain in the flank, backscrotum 
or lower abdomen.” Other symptoms include fever, lower 
extremity edema, phlebitis and deep venous thrombosis. 
In children, pain may be referred to the ipsilateral hip or 
gluteal region, resulting in resistance to hip extension.” 

Other uncommon presentations include weight loss, 
nausea, vomiting, anorexia and malaise. 

Rare manifestations of RPF reported in the literature 
include Raynaud’s phenomenon, ureteric colic, hematuria, 
claudication and urinary frequency. Retroperitoneal 
fibrosis can be associated with Crohn’s disease, ulcerative 
colitis and sclerosing cholangitis. 


PHYSICAL EXAMINATION 


Approximately half of individuals with RPF have 
hypertension, which is probably the result of many factors 
as mentioned below: 

e An increase in renin release secondary to obstructive 
uropathy may lead to hypertension. 

e In some patients, volume-dependent hypertension 
may result from obstructive nephropathy. Occasionally, 
an abdominal mass, fever or lower limb edema is 
present. 

Obstruction of the ureters with a varying degree of 
renal insufficiency is the earliest and most common organ 
involvement. 


CAUSES OF RETROPERITONEAL FIBROSIS 


Sixty to seventy percent of cases of RPF are idiopathic.”?>° 
However, a number of etiologic factors are known. 
Etiologic factors associated with RPF are as follows: 
e Malignancy 
e Inflammatory periaortitis (severe atherosclerosis) 
e Chronic retroperitoneal inflammation 
e Retroperitoneal trauma 
e Autoimmune disease 
e Irradiation 
e Certain drugs 
methyldopa). 
In approximately 8% of patients, RPF is associated with 
malignancy. This association is observed with lymphomas, 
sarcomas and many carcinomas; including carcinomas of 
the breast, lung, stomach, colon, bladder, prostate and 
cervix.” Metastatic tumor cells within the retroperitoneum 
cause an exuberant desmoplastic response. Malignant 
RPF is radiologically distinct from retroperitoneal lymph 
node metastasis in that it typically displaces the ureter 
medically. Retroperitoneal fibrosis has been associated 
with connective tissue disease both in children and 
adults.”**° Immune mediated connective tissue diseases in 
RPF include the following: 
e Ankylosing spondylitis 
e Systemic lupus erythematosus 
e Scleroderma 
e Systemic vasculitis 
— Wegener’s granulomatosis 
— Polyarteritis nodosa 
— Raynaud’s disease 
e Rheumatoid arthritis 
e Riedel’s thyroiditis 
e Immune complex membranous glomerulonephritis. 


(e.g. f-blockers, methysergide, 
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DIFFERENTIAL DIAGNOSIS 


In the evaluation of patients with presumed idiopathic 
RPF, exclude secondary RPF due to malignancy, infection, 
retroperitoneal injury or drugs.*° 


WORK-UP 
Laboratory Studies 


e Blood 
— Anelevated ESR 
— Raised urea and creatinine levels (50%-75%) 
— Normocytic normochromic anemia 
— Raised CRP level 
— Polyclonal hypergammaglobulinemia 
— Alkaline phosphatase (has also been reported as a 
marker)*! 
— Antinuclear antibodies (ANA; present in 60% of 
cases)? 
e Urinalysis 
— Results are usually normal 
— Rarely, microscopic hematuria or pyuria is 
observed. 


Imaging Studies 
Plain Radiography 


e Nonspecific findings are usually due to the late 
complications. 

e Plain abdominal radiography may show obliteration of 
the psoas shadow and an enlarged Rena. 

e Chest radiography may demonstrate pulmonary 
edema or fibrosis. Mediastinal widening may result 
from a soft tissue mass associated with mediastinal 
fibrosis. 


Intravenous Urography 


The classic triad includes delay of contrast material with 
unilateral (20%) or bilateral (68%) hydronephrosis, medial 
deviation of the middle third of the ureters, and tapering of 
the ureter at the level of L4/L5 vertebrae.” Up to 18-20% 
of control subjects may show this triad.“ 

Medial deviation of the ureter may result from retro- 
peritoneal neoplasm, aneurysm and bladder diverticulum. 


Retrograde Pyelography 


Retrograde pyelography may show features similar to 
those described above. In addition, it may demonstrate 


poor distensibility of the ureters, as depicted in 
Figure 81.1. 

Retrograde pyelography delineates the pelvic calyceal 
anatomy and is usually performed prior to insertion of the 
stent to decompress the kidneys. 

Interestingly, very little resistance is encountered 
during ureteric catheterization despite the extensive 
extrinsic fibrosis. 


Lymphangiography 


The retroperitoneal lymphatics are delicate and fine 
structures; therefore, they are more easily compressed 
by RPF than by the adjacent blood vessels and ureters. 
Thus, lymphatic obstruction should precede ureteric 
compression. 

Lymphangiography may show obstruction of 
lymphatic flow at L3/L4 level, opacification of collateral 
channels, nonvisualization of lymphatics above the L4 
vertebra and delay in passage of contrast through the iliac 
and para-aortic lymphatics.’ 


Ultrasonography 


e Ultrasonography is a simple noninvasive modality 
used to assess response to therapy. 

e On a sonogram, RPF appears as a retroperitoneal, 
extensive and well defined, hypoechoic mass centered 
over the sacral promontory. 


Fig. 81.1: Retrograde ureterogram reveals smooth narrowing 
and medial shift of the ureter 
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Fig. 81.2: Noncontrast computed tomography scan shows periaortic fibrotic reaction associated with an inflammatory aortic 
aneurysm. Note ureteric stent in right kidney 


e The degree of hydronephrosis and hydroureter may 
vary. 

e Doppler ultrasonography has no role in differentiating 
benign from malignant RPF.”® 


Computed Tomography Scanning 


Computed tomography scanning is the most frequently 
used imaging method for diagnosis and follow-up of RPF. 

On unenhanced CT scans, RPF appears as a plaque 
that is isodense with muscle and that envelops the aorta 
and inferior vena cava between the renal hila and sacral 
promontory and usually extends laterally to incorporate 
the ureters. Obliteration of the fat plane between the mass 
and the psoas muscle may be observed, as depicted in 
the Figure 81.2. 

Retroperitoneal hemorrhage, primary retroperitoneal 
sarcoma, metastatic deposits to the retroperitoneum and 
retroperitoneal amyloidosis may show similar findings 
on CT scans. Computed tomography scan features that 
suggest malignant pathology include lateral displacement 
of the ureter, anterior displacement of the aorta, local 
bone destruction and a large bulky lesion. 

Elevation of the aorta from the spine is uncommon in 
benign RPF. If present, it may be a sign of malignancy.” 

After contrastinjection, the plaque may show a variable 
degree of enhancement, depending on the stage of the 
disease. Enhancement is usually significant in the early 
active vascular stage. On the other hand, enhancement is 
poor in the late vascular stage. 


Magnetic Resonance Imaging 


Both benign and malignant RPF has low-to-intermediate 
signal density on Tl-weighted images and density on 
T2-weighted images that varies based on the disease stage. 
During the early stage, signal density is high because of 
high fluid content and hypercellularity. In contrast, late 


stage disease has low T2 signal intensity as a result of 
avascular acellular fibrosis and decreased fluid content.* 
Steroidal therapy may lead to similar changes because of 
decreased tissue edema. 

Inhomogeneity of signal intensity on T2-weighted 
images may suggest malignancy; however, differentiation 
between benign and malignant RPF on MRI is difficult and 
biopsy is usually required to confirm the diagnosis.'® 

One study assessed delayed gadolinium enhancement 
ratios by comparing RPF enhancement with that of 
psoas muscle. The dynamic enhancement ratio in acute 
RPF significantly differed from the ratio in chronic RPF. 
Dynamic gadolinium enhancement may be useful in 
differentiating newly diagnosed RPF from treated chronic 
disease and may have a role in assessing disease activity, 
monitoring response to treatment and detecting relapse.” 

Magnetic resonance imaging has some advantages 
over CT scanning, including multiplanar capability, 
independence of renal function and absence of radiation. 


Nuclear Medicine 


Nuclear medicine has a very limited role. 

In the acute phase, RPF may take up gallium- 
67, possibly because of the binding of gallium-67 to 
lymphocytes.” 

A small study of 2-deoxy-2-(F-18) fluorodeoxyglucose 
(F-18DG) positron emission tomography (PET) scanning 
reported a low F-18DG uptake in RPF and high uptake in 
malignant lymphoma.“ 


Positron Emission Tomography 


Positron emission tomography scanning with 18F-fluoro- 
deoxyglucose (18F-FDG) is a functional imaging modality 
used in oncology, but recent evidence suggests that it 
can be useful in the evaluation of various inflammatory 
diseases.” 
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The 18F-FDG identifies areas of high glucose metabolic 
activity. Because inflammatory cells have an increased 
glucose uptake, high levels of glucose metabolism are 
seen in a retroperitoneal mass associated with RPF if 
inflammation is present. 

No noninvasive method can reliably assess disease 
activity. However, 18F-FDG is useful for evaluating post- 
treatment disease. In addition, it can reveal other sites of 
disease (thyroid, thorax) and may help to identify the most 
appropriate sites for retroperitoneal biopsy. 


Other Tests 
Biopsy 


Awide spectrum offibroinflammatory disorders can mimic 
RPF on imaging. Management strategies are diverse and 
depend strongly on the histological diagnosis and extent 
of the disease. Histology and immunohistochemistry are 
required to confirm the diagnosis. The amount of tissue 
harvested via core needle biopsy may not be sufficient 
for the histological diagnosis. Therefore, open biopsy can 
ensure a definite histological diagnosis and is traditionally 
performed. However, it is associated with significant 
morbidity. Laparoscopic biopsy is safe, minimally invasive, 
cost effective and useful in making therapeutic decisions 
for retroperitoneal masses. 

Tissue for histologic diagnosis can be obtained under 
CT or ultrasonographic guidance. In a 1999 publication, 
Dash etal. described fine needle aspiration for the diagnosis 
of RPF, but most clinicians prefer a Trucut needle biopsy.” 

In 1998, Pfammatter et al. performed transcaval retro- 
peritoneal core biopsies and suggested that the technique 
may have arole in patients at high operative risk, especially 
if the results from standard biopsies are inconclusive.“ 


HISTOLOGIC FINDINGS 


In 1948, Ormond described two histologic features in 
RPF: (i) an inflammatory early stage and; (ii) a chronic 
stage. In the early stage, an inflammatory infiltrate 
contains macrophages, lymphocytes, plasma cells and 
occasional eosinophils; neutrophils are generally absent. 
The macrophages are often lipid-laden and contain areas 
of perivascular lymphocytic infiltrate composed of T 
cells and B cells. Generally, tissue is highly vascular with 
numerous small blood vessels throughout. In the chronic 
stage, the tissue becomes avascular and acellular with 
scattered calcification and progresses to fibrous scarring.” 
Occasionally, surrounding structures are invaded by RPF. 
Invasion of the large veins may cause fibrous thickening 


of the intima, resulting in complete occlusion. Periaortic 
lymphatics may be blocked within the mass. Submucosal 
edema and lymphocytic infiltration may be observed in 
the ureter. 

Corradi et al. (2007) recently reported the presence 
of CD20 and CD3 cells, IgG4 plasma cells and subtle 
vasculitic activity in idiopathic RPF.“ 

Malignant RPF demonstrates the presence of 
scattered nests of malignant cells within the inflammatory 
infiltrate. Hodgkin disease and sclerosing retroperitoneal 
lymphomas are the most challenging differential 
diagnosis for the pathologist to exclude. In 2002, Wu et 
al. recommended the use of immunostains such as c-Kit, 
Leu-M1, Ki-1, LCA and, kappa and lambda light chain.” 


TREATMENT 
Management Algorithm of Retroperitoneal Fibrosis 


Medical Care 


Optimal care in patients with RPF requires an integrated 
approach of surgical and nonsurgical therapies. The aims 
of management are to preserve renal function, to prevent 
other organ involvement, to exclude malignancy and to 
relieve symptoms. The literature reports no consensus on 
the appropriate management of patients with RPF because 
no controlled therapeutic trials have been performed. 
Furthermore, successful outcome has occasionally 
been reported with conservative therapy.*°? In 2002, 
Pistolese et al. reported partial or complete regression of 
RPF associated with inflammatory aortic aneurysm after 
surgery.° The treatment of RPF depends on the stage of the 
disease at diagnosis. 


Empirical Therapy 


It includes corticosteroids, tamoxifen and azathioprine; 
experimental therapy includes azathioprine, cyclophos- 
phamide, mycophenolate-mofetil, cyclosporin, 
medroxyprogesterone acetate and progesterone. 
Glucocorticoids and azathioprine are most useful in 
patients with signs of inflammation (e.g. raised ESR, white 
blood cell count and positive ANA results). 


Corticosteroids: In 1958, Ross and Tinckler first reported 
the use of corticosteroids in the treatment of RPF. The 
beneficial effect is thought to be due to anti-inflammatory 
action and the ability to inhibit fibrotic tissue maturation. 
A pooled analysis of nonmalignant RPF treated 
with steroids revealed a satisfactory outcome. In 2002, 
van Bommel analyzed 147 patients and noted good results 
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in 122 patients (83%) and recurrence in 55 patients (16%). 
Most recurrences were noted within 12 months and some 
responded to reintroduction of steroid.” Despite their 
proven success, using steroids as a first line therapy in RPF 
remains controversial because many clinicians believe 
that multiple deep biopsies are still essential to exclude 
malignancy.” 

A standard protocol is prednisolone at 40-60 mg/d 
tapered to 10 mg/d within 2-3 months and discontinued 
after 12-24 months. Timely dose reductions and cessation 
are important because of the adverse effects associated 
with long-term steroid use. 

In 1994, Harreby et al. used methylprednisolone 
pulse therapy at 1 g/d intravenous for 3 days along with 
azathioprine or penicillamine. This therapy was used 
in 11 cases of RPF with ureteric obstruction following 
initial insertion of ureteral stents. The treatment was 
successful in seven patients but only moderately effective 
in four patients. The combination of glucocorticoid 
and azathioprine is most useful in patients with signs of 
inflammation (raised ESR, positive ANA results, positive 
PET findings). 

Steroids can be used in combination with surgery. 
In one study, concomitant use of steroids with surgery 
reduced the rate of ureteric restenosis from 48% to 10%." 
However, response may vary and an unacceptably high 
dose of steroid may be required to control RPF. 

Complications of corticosteroid treatment include 
obesity, Cushingoid features, striae, retarded growth and 
an increased susceptibility to infections, hypertension, 
osteoporosis, cataracts, peptic ulcer disease and diabetes 
mellitus. 


Tamoxifen: In 1991, Clarke et al. were the first to use 
tamoxifen, a nonsteroidal antiestrogen, in the treatment 
of RPF.°%°” 

Its mechanism of action is not entirely clear and 
different hypotheses have been proposed. Tamoxifen 
increases the synthesis and secretion of transforming 
growth factor- beta (TGF-f), an inhibitory growth factor, 
by human fetal fibroblast in vitro. In RPF, fibroblast and 
immune cells in the inflammatory mass may increase 
their secretion of TGF-B, which may then decrease the 
size of the fibrous plaque.” Other possible mechanisms 
of action include inhibition of protein kinase C, reduction 
of epidermal growth factor production, inhibition of 
calmodulin and blockage of growth promoting histamine 
like receptor.** 

Clinicians have reported successful treatment with 
tamoxifen. Various authors have used tamoxifen with a 
variable protocol (10-40 mg for 6 months to 3 years). 


Compared with steroids, the adverse effect profile 
of tamoxifen is low; thus, clinicians consider tamoxifen 
a reasonable treatment option. However, the adverse 
effects of tamoxifen, especially an increased risk of 
thromboembolism and ovarian cancer, should be carefully 
considered for each patient. 


Mycophenolate mofetil: To block the proliferation of T 
cells and B cells, a combination of mycophenolate mofetil 
(MMF) and steroid appears to be a promising option. 

Swartz et al. (2008) reported their experience with 
high dose corticosteroid and MMF in 21 patients. They 
used prednisone 60 mg or 120 mg qid for 3-6 months and 
tapered the dose upon clinical improvement. In addition, 
steroid sparing therapy with MMF (1,000 mg bid) was 
recommended, with discontinuation after 6-12 months 
of therapy. 

In a recent study, Adler et al. (2008) observed 
radiologic regression following therapy with MMF 2 g/d 
and prednisolone 1 mg/kg in nine patients. Therapy led to 
removal of the ureteral catheter in five of seven patients. 
Complications of MMF therapy included recurrent urinary 
infections and upper gastrointestinal disturbance.” 


Azathioprine: Azathioprine has been used when steroid 
therapy has failed and as a steroid sparing drug. Cogan 
and Fastrez used a 6-week course of azathioprine (150 
mg/d) in a patient whose condition recurred soon after 
prednisone treatment was discontinued. They observed 
a significant response with azathioprine.“ McDougal and 
MacDonell reported successful outcome in combination 
with prednisolone in a 14-year-old girl.” 


Experimental therapy: More recently, immuno 
suppressive agents such as azathioprine, cyclophospha- 
mide, MMF, methotrexate and cyclosporin have been 
used to treat RPF. Future steroid sparing options could 
include anti-inflammatory drugs such as tumor necrosis 
factor alpha inhibitors and anti-CD20 drugs.'?** 


Medroxyprogesterone acetate: In vitro, _medroxy 
progesterone acetate inhibits fibroblastic proliferation. 
Use of progesterone and medroxyprogesterone acetate as 
an alternative treatment has been reported with successful 
outcome.*”® 


Surgical Care 


Temporizing maneuvers in the form of percutaneous 
nephrostomy or ureteral stenting are recommended in the 
presence of obstructive uropathy. 
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Primary management of RPF consists of open biopsy, 
ureterolysis and lateral/intraperitoneal transposition or 
omental wrapping of the involved ureter. 

Open ureterolysis, although effective in 90% of 
patients, is associated with significant morbidity (60%) 
and mortality (9%) rates.” 

In the past 10 years, the use of laparoscopic surgery has 
expanded to include complex ablative and reconstructive 
procedures. Kavoussi first described laparoscopic 
ureterolysis for RPF in 1992.” Since then, a few authors 
have reported successful laparoscopic ureterolysis with a 
more rapid recovery and a shorter hospital stay. Although 
the success rate is no better than that of open ureterolysis, 
the laparoscopic technique has the advantage of reducing 
mean hospital stay, use of analgesia, convalescence period 
and morbidity.” 

More recently, with the advancement of technology, 
cases of endourologic treatment of RPF via percutaneous 
balloon dilatation or endoscopic incision, dilatation 
and permanent wall stent have been reported, with 
varying results.” 

Long-term ureteral stenting is a reasonable approach 
in high-risk and elderly patients. Ureteral stenting may 
be placed on a long-term basis (months to years) in order 
to bypass ureteral obstruction. Short-term stenting 
(weeks to months) may be used as an adjunct to open 
surgical procedures. 

Other newer innovative surgical techniques have 
been described, such as ureterolysis and wrapping with 
Gore-Tex (GSM, WL Gore and Associates, Flagstaff, 
Ariz), excision of the ureter and reanastomosis, posterior 
preperitoneal flap and renal autotransplantation. 


REFERENCES 


1. Katz SM, Bates O, Yudis M, et al. Immune complex 
glomerulonephritis in a case of retroperitoneal fibrosis. Am 
J Clin Pathol. 1977;67(5):436-9. 

2. Carton RW, Wong R. Multifocal fibrosclerosis manifested by 
vena caval obstructions and associated with vasculitis. Ann 
Intern Med. 1969;70(1):81-6. 

3. Lepor H, Walsh PC. Idiopathic retroperitoneal fibrosis. J 
Urol. 1979;122(1):1-6. 

4. Khan AN, Chandramohan M, Macdonald S. (2002). 
Retroperitoneal fibrosis. [online] Available from emedicine. 
medscape.com/article/458501-overview [Accessed April 
2012]. 

5. Mitchinson MJ. Chronic periaortitis and periarteritis. 
Histopathology. 1984;8(4):589-600. 

6. Pistolese GR, Ippoliti A, Mauriello A, et al. Postoperative 
regression of retroperitoneal fibrosis in patients with 


10. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


inflammatory abdominal aortic aneurysms: evaluation 
with spiral computed tomography. Ann Vasc Surg. 
2002;16(2):201-9. 

Uibu T, Oksa P, Auvinen A, et al. Asbestos exposure 
as a risk factor for retroperitoneal fibrosis. 
2004;363(9419):1422-6. 

Miller OF, Smith LJ, Ferrara EX, et al. Presentation 
of idiopathic retroperitoneal fibrosis in the pediatric 
population. J Pediatr Surg. 2003;38(11):1685-8. 

Higgins PM, Aber GM. Idiopathic retroperitoneal fibrosis— 
an update. Dig Dis. 1990;8(4):206-22. 

Hatsiopoulou O, Irving S, Sharma SD. Retroperitoneal 
fibrosis in 2 brothers. J Urol. 2001;165(1):182. 


Lancet. 


. Astudillo L, Alric L, Jamard B, et al. [Retroperitoneal 


fibrosis in an HLA-B27-positive patient]. Rev Med Interne. 
1999;20(12):1149-50. 

Neild GH, Rodriguez-Justo M, Wall C, et al. Hyper-IgG4 
disease: report and characterisation of a new disease. BMC 
Med. 2006;4:23. 

Baker LR. Auto-allergic periaortitis (idiopathic 
retroperitoneal fibrosis). BJU Int. 2003;92(7):663-5. 

Parums DV, Choudhury RP, Shields SA, etal. Characterisation 
of inflammatory cells associated with “idiopathic 
retroperitoneal fibrosis”. Br J Urol. 1991;67(6):564-8. 

Cosbie Ross J, Tinckler LF. Renal failure due to peri-ureteric 
fibrosis. Br J Surg. 1958;46(195):58-62. 

Inaraja L, Franquet T, Caballero P, et al. CT findings in 
circumscribed upper abdominal idiopathic retroperitoneal 
fibrosis. J Comput Assist Tomogr. 1986;10(6):1063-4. 
Hulnick DH, Chatson GP, Megibow AJ, et al. Retroperitoneal 
fibrosis presenting as colonic dysfunction: CT diagnosis. J 
Comput Assist Tomogr. 1988;12(1):159-61. 

Arrivé L, Hricak H, Tavares NJ, et al. Malignant versus 
nonmalignant retroperitoneal fibrosis: differentiation with 
MR imaging. Radiology. 1989;172(1):139-43. 

McDougal WS, MacDonell RC. Treatment of idiopathic 
retroperitoneal fibrosis by immunosuppression. J Urol. 
1991;145(1):112-4. 

Dedeoglu F, Rose CD, Athreya BH, et al. Successful 
treatment of retroperitoneal fibrosis with tamoxifen in a 
child. J Rheumatol. 2001;28(7):1693-5. 

Buff DD, Bogin MB, Faltz LL. Retroperitoneal fibrosis. A 
report of selected cases and a review of the literature. N Y 
State J Med. 1989;89(9):511-6. 

Gilkeson GS, Allen NB. Retroperitoneal fibrosis. A true 
connective tissue disease. Rheum Dis Clin North Am. 
1996;22(1):23-38. 

Koep L, Zuidema GD. The clinical significance of 
retroperitoneal fibrosis. Surgery. 1977;81(3):250-7. 

Birnberg FA, Vinstein AL, Gorlick G, et al. Retroperitoneal 
fibrosis in children. Radiology. 1982;145(1):59-61. 


525 


526 


25. 


26. 


27. 


28. 


29. 


30. 


31: 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


Section 10 Urinary Tract Obstruction 


Kottra JJ, Dunnick NR. Retroperitoneal fibrosis. Radiol Clin 
North Am. 1996;34(6):1259-75. 

Van Bommel FF, van Spengler J, van der Hoven B, et al. 
Retroperitoneal fibrosis: report of 12 cases and a review of 
the literature. Neth J Med. 1991;39(5-6):338-45. 

Thomas MH, Chisholm GD. Retroperitoneal fibrosis 
associated with malignant disease. Br J Cancer. 
1973;28(5):453-8. 

Zabetakis PM, Novich RK, Matarese RA, et al. Idiopathic 
retroperitoneal fibrosis: a systemic connective tissue 
disease? J Urol. 1979;122(1):100-2. 

Izzedine H, Servais A, Launay-Vacher V, etal. Retroperitoneal 
fibrosis due to Wegener’s granulomatosis: a misdiagnosis as 
tuberculosis. Am J Med. 2002;113(2):164-6. 

Cronin CG, Lohan DG, Blake MA, et al. Retroperitoneal 
fibrosis: a review of clinical features and imaging findings. 
AJR Am J Roentgenol. 2008;191(2):423-31. 

Barrison IG, Walker JG, Jones C, et al. Idiopathic 
retroperitoneal fibrosis--is serum alkaline phosphatase 
a marker of disease activity? Postgrad Med J. 
1988;64(749):239-41. 

Vaglio A, Corradi D, Manenti L, et al. Evidence of 
autoimmunity in chronic periaortitis: a prospective study. 
Am J Med. 2003;114(6):454-62. 

Webb AJ, Dawson-Edwards E. Non-malignant 
retroperitoneal fibrosis. Br J Surg. 1967;54(6):508-18. 
Saldino RM, Palubinskas AJ. Medial placement of the 
ureter: a normal variant which may simulate retroperitoneal 
fibrosis. J Urol. 1972;107(4):582-5. 

Clouse ME, Fraley EE, Litwin SB. Lymphangiographic 
criteria for diagnosis of retroperitoneal fibrosis. Radiology. 
1964;83:1-5. 

Rubenstein WA, Gray G, Auh YH, et al. CT of fibrous tissues 
and tumors with sonographic correlation. Am J Roentgenol. 
1986;147(5):1067-74. 

Amis ES Jr. Retroperitoneal fibrosis. Am J Roentgenol. 
1991;157(2):321-9. 

Barker CD, Brown JJ. MR imaging of the retroperitoneum. 
Top Magn Reson Imaging. 1995;7(2):102-11. 

Burn PR, Singh S, Barbar S, et al. Role of gadolinium- 
enhanced magnetic resonance imaging in retroperitoneal 
fibrosis. Can Assoc Radiol J. 2002;53(3):168-70. 

Liebman RM. Positive gallium scan in retroperitoneal 
fibrosis. Am J Roentgenol. 1983;141(5):949-50. 

Kubota K, Yamada K, Yoshioka S, et al. Differential diagnosis 
of idiopathic fibrosis from malignant lymphadenopathy 
with PET and F-18 fluorodeoxyglucose. Clin Nucl Med. 
1992;17(5):361-3. 

Vaglio A, Versari A, Fraternali A. (18)F-fluorodeoxyglucose 
positron emission tomography in the diagnosis and 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59; 


followup of idiopathic retroperitoneal fibrosis. Arthritis 
Rheum. 2005;53(1):122-5. 

Dash RC, Liu K, Sheafor DH, et al. Fine-needle aspiration 
findings in idiopathic retroperitoneal fibrosis. Diagn 
Cytopathol. 1999;21(1):22-6. 

Pfammatter T, Hilfiker PR, Kurrer M, et al. Transcaval biopsy 
of retroperitoneal fibrosis. Urol Int. 1998;60(4):258-61. 
OrmondJK. Bilateralureteralobstructionduetoenvelopment 
andcompressionbyaninflammatoryretroperitonealprocess. 
J Urol. 1948;59(6):1072-9. 

Mitchinson MJ. The pathology of idiopathic retroperitoneal 
fibrosis. J Clin Pathol. 1970;23(8):681-9. 

Corradi D, Maestri R, Palmisano A, et al. Idiopathic 
retroperitoneal fibrosis: clinicopathologic features and 
differential diagnosis. Kidney Int. 2007;72(6):742-53. 

Wu J, Catalano E, Coppola D. Retroperitoneal fibrosis 
(Ormond’s disease): clinical pathologic study of eight cases. 
Cancer Control. 2002;9(5):432-7. 

Adam U, Mack D, Forstner R, et al. Conservative treatment 
of acute Ormond’s disease. Tech Urol. 1999;5(1):54-6. 
Kume H, Kitamura T. Spontaneous regression of bilateral 
hydronephrosis due to retroperitoneal fibrosis. Scand J Urol 
Nephrol. 2001;35(3):255-6. 

van Bommel EF. Retroperitoneal fibrosis. Neth J Med. 
2002;60(6):231-42. 

Higgins PM, Bennett-Jones DN, Naish PF, 
Non-operative management of retroperitoneal fibrosis. Br J 
Surg. 1988;75(6):573-7. 

Harreby M, Bilde T, Helin P, et al. Retroperitoneal fibrosis 
treated with methylprednisolone pulse and disease- 
modifying antirheumatic drugs. Scand J Urol Nephrol. 
1994;28(3):237-42. 

Docimo SG, Dewolf WC. High failure rate of indwelling 
ureteral stents in patients with extrinsic obstruction: 
experience at 2 institutions. J Urol. 1989;142(2 Pt 1):277-9. 
Wagenknecht LV, Hardy JC. Value of various treatments for 
retroperitoneal fibrosis. Eur Urol. 1981;7(4):193-200. 

Clark CP, Vanderpool D, Preskitt JT. The response 
of retroperitoneal fibrosis to tamoxifen. Surgery. 
1991;109(4):502-6. 

Bourouma R, Chevet D, Michel F, et al. Treatment of 
idiopathic retroperitoneal fibrosis with tamoxifen. Nephrol 
Dial Transplant. 1997;12(11):2407-10. 

Spillane RM, Whitman GJ. Treatment of retroperitoneal 
fibrosis with tamoxifen. AJR Am J Roentgenol. 
1995;164(2):515-6. 

Horgan K, Cooke E, Hallett MB, et al. Inhibition of protein 
kinase C mediated signal transduction by tamoxifen. 
Importance for antitumour activity. Biochem Pharmacol. 
1986;35(24):4463-5. 


et al. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


Chapter 81 Retroperitoneal Fibrosis 


Loffeld RJ, van Weel TF. Tamoxifen for retroperitoneal 
fibrosis. Lancet. 1993;341(8841):382. 

Swartz RD, Lake AM, Roberts WW, et al. Idiopathic 
retroperitoneal fibrosis: a role for mycophenolate mofetil. 
Clin Nephrol. 2008;69(4):260-8. 

Adler S, Lodermeyer S, Gaa J, et Successful 
mycophenolate mofetil therapy in nine patients with 
idiopathic retroperitoneal fibrosis. Rheumatology (Oxford). 
2008;47(10):1535-8. 

Cogan E, Fastrez R. Azathioprine. An alternative treatment 
for recurrent idiopathic retroperitoneal fibrosis. Arch Intern 
Med. 1985;145(4):753-5. 

Marzano A, Trapani A, Leone N, et al. Treatment of 
idiopathic retroperitoneal fibrosis using cyclosporin. Ann 
Rheum Dis. 2001;60(4):427-8. 

Scavalli AS, Spadaro A, Riccieri V, et al. Long-term follow-up 
of low-dose methotrexate therapy in one case of idiopathic 
retroperitoneal fibrosis. Clin Rheumatol. 1995;14(4):481-4. 
Kaipiainen-Seppanen O, Jantunen E, Kuusisto J, et al. 
Retroperitoneal fibrosis with antineutrophil cytoplasmic 
antibodies. J Rheumatol. 1996;23(4):779-81. 

Barnhill D, Hoskins W, Burke T, et al. The treatment of 
retroperitoneal fibromatosis with medroxyprogesterone 
acetate. Obstet Gynecol. 1987;70(3 Pt 2):502-4. 


al. 


68. 


69. 


70. 


71. 


72. 


73. 


74. 


75. 


Comini Andrada E, Hoschoian JC, Anton E, et al. 
Growth inhibition of fibroblasts by progesterone and 
medroxyprogesterone in vitro. Int Arch Allergy Appl 
Immunol. 1985;76(2):97-100. 

Kerr WS, Suby HI, Vickery A, et al. Idiopathic retroperitoneal 
fibrosis: clinical experiences with 15 cases, 1956-1967. 
J Urol. 1968;99(5):575-84. 

Miles RM, Brock J, Martin C. Idiopathic retroperitoneal 
fibrosis. A sometime surgical problem. Am Surg. 
1984;50(2):76-84. 

Kavoussi LR, Clayman RV, Brunt LM, et al. Laparoscopic 
ureterolysis. J Urol. 1992;147(2):426-9. 

Matsuda T, Arai Y, Muguruma K, et al. Laparoscopic 
ureterolysis for idiopathic retroperitoneal fibrosis. Eur Urol. 
1994;26(4):286-90. 

Fugita OE, Jarrett TW, Kavoussi P, et al. Laparoscopic 
treatment of retroperitoneal fibrosis. J Endourol. 
2002;16(8):571-4. 

Elashry OM, Nakada SY, Wolf JS, et al. Ureterolysis for 
extrinsic ureteral obstruction: a comparison of laparoscopic 
and open surgical techniques. J Urol. 1996;156(4):1403-10. 
Slavis SA, Wilson RW, Jones RJ, et al. Long-term results of 
permanent indwelling wallstents for benign mid-ureteral 
strictures. J Endourol. 2000;14(7):577-81. 


527 


Chapter 


02 


PRELUDE 


Pranashish Saha 


The ureterocele is a dilatation of the distal ureter into the 
urinary bladder (Fig. 82.1). It may arise from abnormal 
embryogenesis with anomalous development of the 
intravesical ureter, the kidney and the collecting system. 
The problem may be asymptomatic or may cause a wide 
range of clinical signs and symptoms. It may cause renal 
obstruction recurrent urinary tract infection (UTI) even 
bladder outlet obstruction. With early diagnosis and 
treatment, the outcome remains excellent. +? 


CLASSIFICATION 


e Single-system ureterocele 

e Ureteroceles duplex-system 
e Orthotopic ureterocele 

e Ectopic ureterocele. 


Ureter 


Bladder wall 


Fig. 82.1: Diagrammatic representation of ureterocele 


Ureterocele 


INCIDENCE OF URETEROCELE 


It is seen approximately one in every 4,000 white children 
and girls are more affected than males. Approximately 10% 
of ureteroceles seen bilaterally. About 80% of ureteroceles 
are associated with the upper pole moiety of a duplex 
system. It may be interesting to note that single-system 
ectopic ureteroceles are uncommon and are most often 
found in males.1* 


ETIOLOGY 


Exact embryologic etiology of the ureterocele is not clear. 
Chwalla membrane is a primitive thin membrane that 
separates the ureteral bud from the developing urogenital 
sinus. During embryogenesis, incomplete dissolution 
of the Chwalla membrane, may explain the occurrence 
of ureterocele. 


PRESENTATION 


Now-a-days most pediatric ureteroceles are found 
incidentally during routine screening antenatal 
ultrasound. Asymptomatic ureteroceles are found 
predominately in adults incidentally during imaging 
studies for urologic complaints of usually unrelated 
symptomatology. The clinical symptoms of ureteroceles 
may include the following: 
e Urinary tract infection 
e Urosepsis 
e Obstructive voiding symptoms 
e Urinary retention 
e Failure to thrive 
e Hematuria 
e Cyclic abdominal pain 
e Ureteral calculus. 

Due to the distal ureteral obstruction, the ipsilateral 
renal moiety is often hydronephrotic or dysplastic. The 
magnitude of the hydronephrosis may wax and wane and 
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cyclical expansion and decompression of the renal pelvis 
manifest as intermittent abdominal pain. 

Ureterocele may cause urinary stasis and is a risk factor 
for ureteral stone formation within its sac. As the distal 
ureteral stones develop, they cannot pass spontaneously 
because of the obstructing ureterocele orifice and they 
produce more symptoms. This situation is usually seen in 
adult population. 

Rarely, a prolapsing ureterocele in a female patient 
may cause physical obstruction of the bladder neck. 

An abdominal mass due to a large hydronephrotic 
kidney may be appreciated in the upper abdominal 
quadrant in thin adults and young children. Tenderness 
in the flank often accompanies the abdominal findings. 
Sometimes in infants, an abdominal mass due to 
hydronephrosis may be noted by transillumination in a 
dark room. 

A prolapsing cystic mass may be seen emerging from 
the external meatus in young girls or older women may 
be due to prolapsing ureterocele. A prolapsing mass in 
children should also include urethral prolapse, sarcoma 
botryoides and urethral caruncle. Ureterocele with duplex 
systems are more likely to cause urethral obstruction in 
males, although they occasionally can occur with just a 
single system. Computed tomography urogram showing 
duplex system in the left renal tract with ureterocele can 
be clearly seen in Figure 82.2. A minority of ureteroceles 
are discovered incidentally during ureteral reimplantation 
for vesicoureteral reflux (VUR).*° 


Fig. 82.2: Computed tomography urogram showing duplex 
system in the left renal tract with ureterocele clearly seen in the 
bladder from the upper moiety of the duplex system 


LABORATORY STUDIES 


e ‘The urinalysis 

e ‘The urine culture 

e The complete blood cell count 

e The blood chemistry: Serum chemistries, especially 
blood urea nitrogen and serum creatinine 

e The blood cultures are obtained in the setting of fever 
or urosepsis 

e ‘The fungal cultures. 


IMAGING STUDIES 
Renal or Bladder Ultrasonography 


e Renal and bladder ultrasonography is the first-line 
imaging study for evaluating the upper and lower 
urinary tract in the pediatric population 

e Theureterocele is seen as a fluid-filled cystic intravesical 
mass (Fig. 82.3). Itis also known as a “cyst within a cyst” 

e Hydroureteronephrosis is noted as a dilatation of renal 
pelvis and the proximal ureter 

e Renal duplication can be assessed easily with renal 
ultrasonography 

e Renal ultrasonography also provides information on 
the thickness of renal cortex and echogenicity of renal 
parenchyma. The degree of echogenicity is indirectly 
proportional to the degree of renal dysplasia that 
is present 


Long bladder 


Fig. 82.3: Ultrasonographic scan of bladder shows ureterocele 
in the left 
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e Bladder ultrasonography documents the efficiency of 
bladder emptying by noting the amount of postvoid 
residual urine that is present. 


Voiding Cystourethrography 


It may provide some useful clinical information. It is an 
essential test to evaluate the lower urinary tract for the 
urethral diverticulum, posterior urethral valve (PUV), 
ectopic ureter ureterocele and VUR. Classically ureterocele 
appears as a smooth, round filling defect along the base 
of the bladder. The urethral diverticulum appears as an 
outpouching of the urethra. Micturating cystourethrogram 
or voiding cystourethrogram may demonstrate the 
PUVs and they are characterized by visualization of the 
valve leaflets, dilatation and elongation of the posterior 
urethra, and bladder neck hypertrophy. Micturating 
cystourethrogram is more important if the patient is 
suspected to have a VUR. Incidence of VUR into the 
ureterocele is rare, but it may occur following spontaneous 
ureterocele rupture or after unroofing of the ureterocele. 


Diuretic Nuclear Renography (Nuclear Renal Scan) 


e Dimethyltriamine Pentaacetic Acid Study: Nuclear 
renal scan using technetium 99m and diethylene- 
triamine penta-acetic acid is an excellent study for 
establishing the differential renal function objectively 
and the efficiency of drainage of the dilated collecting 
system (washout times). The isotope is cleared almost 
exclusively by glomerular filtration. The rate of 
clearance provides an excellent estimate of glomerular 
filtration rate. 

e Technetium-99mMercaptoacetyltriglycineStudy:Nuclear 
scan using technetium 99m-mercaptoacetyltriglycine 
(MAG3) is an excellent replacement for DTPA (e.g. 
diuretic renography) in the pediatric population. This 
radioisotope is rapidly cleared by: 

— Intravenous urogram: Intravenous urogram 
(IVU) may be useful for delineating renal anatomy 
and providing a subjective estimation of relative 
renal excretory function. Intravenous urogram 
may show hydronephrosis. Hydronephrotic 
upper pole displacing the lower pole moiety 
laterally and inferiorly (i.e. the “drooping lily”), 
ureteral displacement by the hydroureter or 
hydronephrotic upper pole moiety, cobra-head 
extension of the distal ureter (ureterocele) (seen 
in adults). The diagnosis of an adult ureterocele 
primarily is radiologic and is based on IVU 
ultrasound and endoscopy (urethrocystoscopy) 


studies. Disadvantage of IVU is that the kidney may 
not be visualized at all even on late films commonly 
interpreted as nonexcreting or nonfunctioning 
kidney. For this reason, the IVU is not accepted as a 
good test in these situation. 

— Magnetic resonance imaging: ‘This is an excellent 
anatomical study for evaluating cases with 
suspected dysplastic, nonfunctioning, ectopic 
renal moieties and ectopic ureteral insertion. 

— Computed tomography scanning of the 
abdomen and pelvis: Computerized tomography 
may provide additional clues for diagnosing simple 
or ectopic ureterocele and can reveal the presence 
of a duplicated collecting system, hydronephrotic 
upper pole segment, or dysplastic upper pole 
moiety. Computed tomography is an excellent 
screening tool to detect ureteric calculi, but 
abnormal ureteral anatomy and ureteral dilatation 
are better imaged with MRI.*® 


Other Tests 
Pressure-perfusion Study (Whitaker Test) 


Whitaker test requires percutaneous renal access to 
measure differential pressure between the renal pelvis 
and the bladder. General anesthesia may be required 
in children. Whitaker test may be useful in evaluating 
equivocal urinary tract obstruction. It may be used if 
results of the diuretic renal scan (Diethylene triamine 
penta-acetic acid) are uncertain. 


Procedure of Whitaker test: Percutaneous renal access is 
achieved and a urethral catheter is placed, the renal pelvis 
is perfused at a constant rate of 10 mL/minute. When the 
maximum renal relative pressure (renal pelvic pressure 
minus bladder pressure) is below 12-15 cm H,O, the system 
is considered as nonobstructed. But when the renal pressure 
is above 20-22 cm H,O, obstruction is thought to be present. 
Pressures between 15 cm and 20 cm H,O are equivocal. 

Observation and interpretation of the Whitaker test 
should be done carefully as it may be complicated by 
several factors such as persistent hydronephrosis following 
prior decompression of the system.’ 


Cystoscopy, Vaginoscopy or Retrograde Pyelography 


The endoscopic procedures that allow direct inspection 
and examination of the upper and lower urinary tract as 
well as the female genitalia. Ureterocele is better seen 
during cystoscopy with a diuretics, and often it is used to 
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confirm radiographic findings. Ifindicated, the ureterocele 
may be treated with endoscopic incision or unroofing at 
the same setting. 


PRINCIPLE OF TREATMENT OF THE URETEROCELE 


Treatment of the ureterocele is individualized based on the 
patient’s age, clinical situation, functional characteristics 
of the ureterocele and surgeon’s preference. Treatment 
of the ureterocele is indicated to relieve obstruction and 
to preserve renal function. Surgical intervention is not 
indicated if the ureterocele is small, asymptomatic and not 
causing any dilatation of the collecting system (Box 82.1). 

Urgent decompression with endoscopic incision, 
followed by a definitive bladder reconstruction, is often 
required in cases ofurosepsis or severe azotemia. Indications 
for intervention in the pediatric and adult population are 
identical. 


Treatment of Ureterocele 


Mainstay of management of ureterocele is surgical recons- 
truction. Indications for surgical treatment for both 
pediatric and adult ureteroceles depend on the site of 
the ureterocele, the clinical situation, associated renal 
anomalies and the size of the ureterocele. 

Factors should be considered as: 

e Age of the patient 

e Size and location of ureterocele 

e Degree of renal function 

e Presence and degree of VUR 

e Comorbid conditions (risk of anesthesia). 

Treatment of ureteroceles may include: 

e Incision of ureterocele 

e Upper polar nephrectomy 

e Ureteric reconstruction or ureteric reimplantation. 


Endoscopic Incision 


Endoscopic incision is the least invasive method for 
decompressing the ureterocele. This is an ideal method 
for dealing with a neonate with ureterocele-induced 
obstructive uropathy and sepsis. It may also be performed 


Box 82.1: Indications for surgical intervention in ureterocele 


Ureterocele 


safely in an adult female with symptomatic ureterocele. 
Other indications are a single system intravesical 
ureterocele with obstruction, or a duplex system 
ureterocele with indeterminate function of the affected 
renal moiety. Performed via the cystoscope, a small 
puncture is created at the base of the ureterocele.'"” 

The goals of treatment are mentioned in Box 82.2. 

If a transverse (like smile of a face in cartoon) incision 
has been made at the base of the ureterocele, as opposed 
to a vertical incision, the risk of reflux is minimized. 
The VUR in adults is not routinely treated with ureteral 
reimplantation. Instead these patients are monitored 
expectantly and the need for reimplantation is tailored 
to the individual. Possibilities of VUR limit the use of 
endoscopic unroofing in children.“ 


Upper Pole Heminephrectomy and Partial Ureterectomy 


Upper pole heminephrectomy is a definitive treatment 
in patients with an obstructed ectopic ureterocele 
and a dysplastic upper pole, but without associated 
VUR. Removal of the upper pole of the kidney as well 
as the affected proximal ureter to the level of iliac 
vessels may be required in selected cases. The distal 
ureterocele is not excised, but rather decompressed. 
This is a reasonable alternative for adults in whom 
transurethral ureterocele unroofing has failed due to 
technical or anatomical difficulties. The upper pole 
heminephrectomy is an excellent first-line procedure 
for the child with the ureterocele that affects only the 
ipsilateral upper pole.® 


Ureteropyelostomy 


Ureteropyelostomy is an operation that joins the upper 
pole ureter to the lower pole renal pelvis. This is preferred 
ifthe affected renal unit demonstrates significant function. 
Alternatively, a high ureteroureterostomy may also be 
performed. This is true for both pediatric and adult 
populations. 


Excision of the Ureterocele and Ureteral Reimplantation 


This procedure is indicated in patient having significant 
VUR. Excision of the ureterocele and ureteral 
reimplantation is commonly delayed until the child is 
older (aged approximately 2 years). The procedure is 
rarely performed in aduts. But in kids this is commonly 
used as a secondary procedure for example after 
previous heminephrectomy or endoscopic incision of 
the ureterocele. 
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Box 82.2: Goals of treatment 


Nephroureterectomy 


This procedure is reserved for patients with single 
system ureterocele and a nonfunctioning kidney. The 
procedure involves the excision of the ureterocele and 
upper pole heminephrectomy. Since most ureteroceles 
typically present in young children (often < 1 year), 
total reconstruction was technically challenging and 
complications are not uncommon. 


FOLLOW-UP 


The patient should be followed-up by serial monitoring of 
renal function, periodic evaluation of voiding symptoms 
and bladder function, and interval radiologic studies to 
assess renal growth, hydroureteronephrosis and VUR. 


COMPLICATIONS OF SURGICAL INTERVENTION 


Endoscopic Incision of Ureterocele 


e Iatrogenic VUR occurs in 40-50% of pediatric patients 
e Not definitive therapy in most cases. 


Upper Pole Heminephrectomy 


e Highest risk of intraoperative blood loss 

e Vascular compromise of lower pole with potential loss 
of renal function 

e Need for further lower tract reconstruction due to 
persistent reflux, infection, or failure to decompress 
the ureterocele 


Excision of Ureterocele and Ureteral Reimplantation 


e Problematic hematuria and/or bladder spasms 

e Damage to bladder neck or continence mechanism 

e Injury to the contralateral ureteral orifice 

e Compromise of blood supply to the lower pole ureter. 


OUTCOME AND PROGNOSIS 


Appropriate management mustbe tailored to the individual 
problem. The expert must be armed with various surgical 


techniques that can be tailored to effectively treat different 
types of ureterocele malformations. Appropriate surgery 
to correct a specific abnormality, the outcome remains 
excellent in both pediatric and adult patients.'°"® 
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PRELUDE 


AKM Anwarul Islam 


The term, megaureter, has been accepted term for the 
dilated ureter, is divided into primary (congenital) 
and secondary categories. The primary and secondary 
megaureter is further subdivided into refluxing 
nonobstructing megaureter and nonrefluxing obstructing 
megaureter. The distinctions are based on radiographic 
and clinical findings. 


PREVALENCE 


The incidence of obstructed megaureter is 1 per 10,000 
populations. The male-to-female ratio is 1.2-4.8:1. The 
left-to-right ratio is 1.7-4.5:1. Obstruction is bilateral in 
10-20% of obstructed megaureter cases. 


PATHOPHYSIOLOGY 


The primary obstructing megaureter is caused by a 
structural alteration in the muscular layers of the distal 
ureter, which is characterized, to varying degrees, 
by diminished or absent longitudinal muscle fibers, 
hypertrophied or hyperplastic circular muscle fibers, or 
increased connective-tissue deposition.’ All these changes 
are recognized pathologically and may represent either an 
arrest of normal development or an intrauterine response 
of the ureter to ongoing obstruction. 

Chronic incomplete or partial obstruction in the 
abnormal distal segment of the ureter leads to progressive 
dilatation of the upper tract leading to hydronephrosis (i.e. 
dilation of the renal pelvis and calyces). Total or complete 
obstructions from megaureters are rare and are invariably 
associated with a nonfunctioning renal unit at diagnosis. 

The primary obstructed megaureters enter the bladder 
in a normal location on the trigone, with the ureteral 
orifice appearing normal or unaffected and should not 
be confused with ectopic megaureters that end in an 
abnormal location within the lower urinary tract or other 
mesonephric analog.** 


Primary Obstructive 
Megaureter 


PRESENTATION 


The children with an obstructed megaureter may present 
with vague abdominal pain, hematuria, urinary tract 
infection (UTI), fever of unknown origin, or an abdominal 
mass. Sometimes the primary presentation, may be the 
antenatal hydronephrosis, is diagnosed with prenatal 
ultrasonography. 

The prenatal ultrasonography reveals an indication 
of an underlying genitourinary abnormality in as many 
as 1 per 100 births; most of these are hydronephroses 
(Box 83.1). The clinical presentation of primary 
megaureter, which is less common since the advent of fetal 
ultrasonography, includes the following: 

e Urinary tract infection 

e Hematuria 

e = Pyuria 

e Flank mass 

e Failure to thrive 

e Sepsis 

e Fever of unknown origin 

e Abdominal or pelvic pain 

e Abdominal mass 

e Urolithiasis 

e Serendipitous identification on imaging [e.g. ultrasono- 
graphy; computed tomography scanning; kidneys, 
ureters and bladder (KUB) radiography; bone scan]. 

The megaureters detected in neonates and infants 
may require drainage for infections that do not respond to 
antibiotics alone. In addition, the massively dilated ureter 
may be decompressed with ureterostomy, pyelostomy, or 


Box 83.1: Associated abnormalities 
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nephrostomy drainage, which often allows a substantial 
decrease in ureteral size and greatly reduces ureteral bulk 
during both tailoring and reimplantation. Sometimes 
ureteroceles are more common in females and are 
associated with the upper-pole ureter of a complete 
duplication of the renal collecting system. On ultrasound 
scan the protrusion of the dilated distal ureter within 
the bladder or urethral lumen defines this lesion. In 
some occasion ureteral valves, membranes, and polyps 
demonstrate intrinsic filling defects that differentiate these 
lesions from primary megaureter. Sometimes the ureteral 
calculi may become impacted in the distal ureter and may 
be associated with scarring.”* 


WORK-UP 
Laboratory Studies 


e The measurement of creatinine and blood urea 
nitrogen to assess gross renal function. 

e Levels of electrolytes, e.g. sodium, potassium, chloride, 
or bicarbonate may show subtle changes in some 
patients with bilaterality or associated dysplasia. In 
neonates, wait for 3-5 days to evaluate the baby’s 
kidney function rather than the mother’s kidney 
function. A creatinine level of 1 mg/dL or greater, at the 
age of 1 year, is prognostic for subsequent renal failure. 

e Urinalysis is recommended upon evidence ofinfection, 
proteinuria, high pH level and low specific gravity that 
may reflect underlying infection or renal dysplasia or 
damage. Screen for UTI. Assess urine concentration 
and acidification in bilateral lesions and dysplasia. 


Imaging Studies 
Kidney and Bladder Ultrasonography 


The prenatal imaging with ultrasound reveals both 
hydroureter and hydronephrosis. Neonates with 
hydroureter and unilateral lesions may be evaluated 
electively with ultrasound within the first 2 months of 
life (Fig. 83.1). 

Postnatal imaging is used to define the degree of 
hydronephrosis based on the following Society of Fetal 
Urology guidelines: 

e Grade I: Splitting of the renal sinus more than 10 mm 

¢ Grade II: Splitting of the renal sinus more than 10 mm 
in an extrarenal or intrarenal pelvis not extending to 
the calyces 

¢ Grade III: Dilatation extending into the calyces without 
cortical thinning 


Fig. 83.1: Classic spindle configuration of primary obstructed 
megaureter 


e Grade IV: Dilatation extending into the calyces with 
cortical thinning 

Ultrasound imaging of postnatal babies 

e Magnitude or extent of hydroureter 

e Existence of collecting system duplication 

e Existence or absence of  ureterocele, 
configuration, size and thickening. 
The postnatal imaging further provides clinically 

relevant data including the following: 

e Existence or presence or absence of calculi 

e Existence of echogenic debris suggesting infection 

e Existence or indirect evidence of degree of obstruction 
by presence of a ureteral jet 

e Condition of remaining renal units. 


bladder 


Voiding Cystourethrography 


Voiding cystourethrography (VCUG) or micturating cysto- 
urethrography is performed to assess the presence of 
vesicoureteral reflux and to further delineate the anatomy 
of the bladder and outlet. In case of a male child, presented 
with bilateral megaureter, posterior urethral valves must 
be excluded.** 


Radionuclide Renal Scanning 


With ultrasonography and VCUG, the diagnosis of primary 
megauretermaybesecure; the onlyremaining clinicalissue 
is evaluating for obstruction. To assess the obstructed unit 
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further, the study with Tc 99m-diethylenetriamine penta- 
acetic acid (DTPA) or Tc 99m-mercaptotriglycylglycine 
(MAG-3) may be used. These studies will assess renal 
blood flow, relative function, drainage and it is also 
helpful in predicting the capacity for functional recovery 
prior to surgery. 

Careful and serial examinations to demonstrate a trend 
toward decreasing function or delayed drainage are often 
required to establish an accurate treatment approach. 
Measurement of renal resistive index can be used to help 
identify true obstruction as long as renal function is good. 


Diagnostic Procedures 
Antegrade Pyelography (Whitaker test) 


Injection of contrast directly into the renal pelvis via 
percutaneous access is used as an adjunct to placement of 
anephrostomy tube to drain an infected system or to define 
an equivocal obstruction (Whitaker test) by infusion of 
contrast medium at a fixed rate with concurrent pressure 
measurements in the kidney and bladder. 

Normal saline infusion rates for adults generally 
have been 10 mL per minute, and a pressure differential 
between kidney and bladder of less than 15 cm H,O is 
accepted as normal. It may provide additional evidence 
of obstruction to support surgical intervention. Whitaker 
test also helps to delineate anatomy when diagnostic 
questions persist after less invasive testing, often in the 
same setting as planned surgical repair. This test is too 
dependent on variations in anatomy (renal collecting 
system compliance) and technique to provide any real 
benefit from antegrade pyelography alone. 


Retrograde Pyelography 


Endoscopic placement of a catheter into the ureteral 
meatus and injection of contrast medium under real-time 
fluoroscopy is reserved for diagnostic dilemmas and as an 
adjunct to surgery. 


HISTOLOGIC FINDINGS 


Surgical pathology reveals five histologic types: 

1. Abnormal circular orientation of muscle fibers with 
hypertrophy and hyperplasia 

2. Mural fibrosis with little normal muscle within the 
ureteral wall 

3. Hypoplasia and atrophy of all ureteral musculature 

Absent longitudinal musculature 

5. Normal ureteral anatomy. 


> 


TREATMENT 


In mild cases of obstructed megaureter, physicians may 
monitor symptoms, perform periodic radiological imaging 
and administer antibiotic prophylaxis. With improving 
or stable renal or ureteral dilatation and continued renal 
growth, prognosis (over 8 years of follow-up) is excellent. 
e Antibiotics may be any of the following, depending on 

the sensitivity: 

— Amoxicillin 

— Penicillin 

— Cephalexin (for patients less than 3 months) 

— Sulfamethoxazole 

— Sulfamethoxazole-trimethoprim 

— Nitrofurantoin (for patients more than 3 months). 


Surgical Therapy 


Congenital megaureters detected in neonates and 
infants may require drainage for infections that do not 
respond to antibiotics alone. The massively dilated ureter 
may be decompressed with ureterostomy, refluxing 
ureteroneocystostomy, pyelostomy, or nephrostomy 
drainage, which often allows a substantial decrease in 
ureteral size and greatly reduces ureteral bulk during both 
tailoring and reimplantation. 

Objective or the goals of surgical intervention are to 
relieve obstruction, to return near-normal function to the 
collecting system, to create a nonrefluxing vesicoureteral 
reimplantation, and to preserve renal development without 
long-term complications. The principle of the surgical 
techniques includes distal ureteral mobilization with 
resection of the obstructing segment and reimplantation, 
with or without ureteral tailoring is performed to ensure a 
nonrefluxing tunnel. 


Techniques of Operation 


Intravesical and extravesical dissection, alone or in 
combination, to mobilize the enlarged ureter is employed. 
Care and attention should be paid to preserve the ureteral 
blood supply, which arises from the aorta, renal artery, 
gonadal artery and internal iliac artery, particularly if 
undertaking extensive tailoring. Excision and tailoring of 
the tortous and dialated ureter is performed with care to 
preserve the blood supply. Reductions of lumen smaller 
than 10F are not recommended to avoid subsequent 
stenosis. The neocystostomy tunnel lengths of 4:1-6:1 
are recommended to prevent postoperative vesico- 
ureteric-reflux. Use of drains and stents are generally 
recommended. In the postoperative period, the patient 
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should remain on antibiotic prophylaxis for months after 
surgery, until imaging studies or clinical status warrants 
discontinuation.** 


FOLLOW-UP 


Serial ultrasonography imaging is mandatory to assess 
whether hydronephrosis and hydroureter improve after 
surgery. The benefit of repeat VCUG and intravenous 
urogram studies is controversial, in the setting of clinical 
success and ultrasonography improvement, the only 
recommendation is that the patient and physician agree 
on the follow-up regimen. 


COMPLICATIONS 


Surgical complications are uncommon and often resolve 
with observation. Ipsilateral reflux occurs in 2% of patients. 
Endoscopicureteral bulking permits aless invasive manage- 
ment of this complication when the clinical scenario 
warrants, and it may all but eliminate open reoperation. 
Contralateral reflux occurs in 10% of patients but resolves 
within 1 year in nearly all cases. Ureteral obstruction (1%), 
ureteral stenosis should be suspected if ureter is of 1.5 cm 
or greater or above.”* 
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PRELUDE 


Paddy Dewan 


The fetal lower urinary tract obstruction (FLUTO) is 
a clinical condition of the fetus that is caused by the 
blockage of fetal urination. Since the baby cannot empty 
the bladder, the baby’s bladder subsequently becomes 
very large and distended. The secondary effects result in 
significant morbidity and/or mortality for the baby and 
may include problems like hydronephrosis (Fig. 84.1) and 
underdevelopment of the lungs or pulmonary hypoplasia 
developed from the lack of amniotic fluid during a critical 
time of the pregnancy. 


CAUSE OF FETAL LOWER URINARY 
TRACT OBSTRUCTION 


Most common cause of FLUTO in male fetuses is posterior 
urethral valves and in females, the most common cause is 
urethral atresia.!? 


PATHOPHYSIOLOGY 


Since the causes of FLUTO may be due to multiple causes, 
the prognosis can be expected to be different depending 


Fig. 84.1: Fetal hydronephrosis 


Fetal Lower Urinary 
Tract Obstruction 


on the individual diagnosis. Secondary complications 
of the obstruction like renal dysplasia and pulmonary 
hypoplasia usually determines the outcome of the baby. 
Prevention of these complications, several methods have 
been developed to bypass the blockage of urine while 
the baby is still in the womb, with the hope that the back 
pressure on the kidneys can be averted and the amniotic 
fluid volume may be replenished to allow for more normal 
lung development.’ ® 


DIAGNOSIS AND PROGNOSTIC CRITERIA 


The diagnosis of FLUTO is made by prenatal targeted 
ultrasound. Typically, the baby’s bladder is much distended. 
The presence of a “key-hole” sign is suggestive of posterior 
urethral valves, particularly in a male fetus. There may be 
variable degrees of dilation of the upper urinary collection 
system. The ultrasound findings ofthe baby’s kidneys should 
be carefully assessed for evidence of damage. Assessment 
of amniotic fluid volume as well as the presence of other 
potential structural abnormalities is sought.*° 

Once the diagnosis of FLUTO is established, the 
prognosis for survival is then assessed. The baby’s outcome 
has been correlated to the kidney function as assessed 
prior to treatment. There are two methods to determine 
the prognosis before surgery. These methods are called 
fetal vesicocentesis which samples the baby’s urine, and 
cordocentesis which samples the baby’s blood. Genetic 
studies are also performed. 


Fetal Vesicocentesis 


Fetal kidney function may be obtained by performing 
sampling of the baby’s urine by placing a thin needle into 
the baby’s bladder and draining the urine. If the results of 
the first drainage are below the threshold values, then fetal 
therapy may be offered. If the first vesicocentesis shows 
values above the threshold, a repeated vesicocentesis will 
be performed in 48 hours.*® 
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Section 10 Urinary Tract Obstruction 


Fetal Urinary Parameters 


e Sodium 100 mEq/dL 

e Chloride 90 mEq/dL 

e Calcium 8 mEq/dL 

e Beta-2-microglobulin 10 mg/L 
e Osmolality 210 mOsm/L 

e Total protein 20 mg/dL. 


MANAGEMENT OPTIONS AND OUTCOMES 


The management options and outcomes are controlled 
by limitation of intervention in these cases. Currently, the 
following treatment options are available: 


Expectant Management 


It involves a frequent ultrasound assessment to assess 
progression during the pregnancy and after the 
delivery; pediatric specialists will evaluate the baby 
and subsequently offer treatments at that time. Risk of 
this approach is that further kidney and lung damage 
may occur during the pregnancy. These mothers may 
have oligohydramnios (low amniotic fluid volume), the 
expected perinatal mortality rate is 77%.°* 


Vesicoamniotic Shunt 


The fetal urinary diversion procedures have been 
performed since the 1980s. This is essentially, a shunt is 
placed between the baby’s bladder and the amniotic fluid; 
thus relieving the blockage. The goal of the intrauterine 
fetal intervention is to prevent further kidney and lung 
damage. Definitive or the final treatment ofthe obstruction 
is performed after the birth of the child. The perinatal 
survival using this treatment approach is 66%, of which 
half will have significant kidney damage and may need 
dialysis or kidney transplant. 

Complications of shunt placement include dislodge- 
ment/blockage/malfunction (25%), thus requiring 
multiple shunt placements during the pregnancy, urinary 
ascites of the fetus due to leakage of urine from the bladder 
into the baby’s abdomen and fetal death (4%).”* 


Pregnancy Termination 


The termination of pregnancy may be chosen as an option 
up to 24-weeks gestation in some centers. 


INDICATIONS AND CONTRAINDICATIONS 
FOR FETAL TREATMENT 


Fetal therapy may be indicated in when the gestational 
age is 16-30 weeks and the sonographic evidence of lower 
urinary tract obstruction is confirmed. The fetal therapy 
may be contraindicated in presence of major congenital 
anomalies that may affect the overall prognosis, 
chromosomal abnormality and evidence of renal cystic 
dysplasia. 


Techniques of Fetal Therapy 
Vesicoamniotic Catheter Placement 


The procedure may be performed under local anesthesia. 
Under ultrasound guidance vesicoamniotic shunt may 
be placed over a wire guide. The vesicoamniotic shunting 
may be necessary several times during the pregnancy 
due to dislodgement of the shunt or continued urinary 
outlet obstruction.’® 


FOLLOW-UP 


It is highly recommended that ultrasound assessment 
occur every week for the first 4 weeks, then every 3-4 weeks 
thereafter. Particular importance include the amount of 
amniotic fluid volume, measurement of the fetal bladder, 
assessment of the fetal kidneys and urinary collection 
system, presence of urinary ascites and location of the 
vesicoamniotic shunt.’ 
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Degloving injuries 160 See penile skin 
Dehydroepiandrosterone 607 
Dehydroepiandrosterone sulfate 1101 
Delayed ejaculation 1126 See also 
premature ejaculation 
Denys-Drash syndrome 311 
Depression 1106 
Descending limb 896 
Desmopressin 122 
Detrusitol 404 See tolterodine tartrate 
Detrusor 
bladder neck dyssynergia 465 
external sphincter dyssynergia, 
features of 443 
hyper-reflexia 465, 861 
overactivity 459f 
sphincter dyssynergia 415, 434, 466 
Development of extraperitoneal space 835 
Diabetes mellitus 200, 1106 
with stone 123 
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Diagnostic 
of lipid containing adenomas 95f 
ureteroscopy 690 
Diaphragm, air under 63 
Diarrhea 866 
Diathermy 287 
equipment 284 
technical concept 284 
Dibenzyline 405 See phenoxybenzamine 
Diet in renal disease 906 
modification of 917 
Dietary protein restriction 917 
Diethylene triamine penta-acetic acid 102, 
117, 555, 778, 870 
renal scan 514f 
Digital 
rectal examination 43, 1022 
subtraction angiography 1112 
Dihydrotestosterone 583, 1034 
Diltiazem 947 
Dimercaptosuccinic acid 101, 117 
Dimethyl sulfoxide, intravesical 
installation of 222, 502 
Dimethyltriamine penta-acetic acid study 530 
Diplococcus 207 
Dipslides 50 
Disease-specific survival for 
advance-localized disease 1038 
early-localized disease 1038 
Disposable 
foreskin removing Chinese zhenxi rings 371f 
patient plate 290 
trocar for laparoscopy 804f 
Disseminated intravascular coagulation 899 
Distal 
sphincter mechanism, anatomy of 843 
sphincteric mechanism 401 
ureter, management of 821 
ureteral obstruction 528 
urethral stenosis in girls 36 
Distorted ureteric orifice 337f 
Ditropan 403 See oxybutynin 
Diuretic 
nuclear renography 530 
renogram 104, 778 
renography 106 
Diverticulum 
early complications 394 
late complications 394 
Dividing urethra 772 
Division of puboprostatic ligaments 771 
Donor nephrectomy 941 
Donors, source of 931 
Doppler 
principles 82 
ultrasound 69, 555 
Dorsal 
lithotomy position 488 
onlay 855 
placement of buccal mucous membrane 855f 
vein complex 772, 772f 
venous complex 760, 771 
control of 771 
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Double-dye test 884 
Double-lumen 
catheters, complications with acute 696 
hemodialysis catheter 695, 695f 
Down syndrome 1089 
Doxycycline 947 
Drainage of scrotal abscess 198f 
Drooping lily 530 
Drug 603 
allergies 41 
decreases outlet resistance 404 
in acute kidney injury, prevention of 908 
increases bladder contractility 404 
induce erectile dysfunction 1108 
induced erectile dysfunction 1108 
related to infertility 1085 
resistant tuberculosis, management of 219 
therapy 1106 
therapy for voiding disorders 404 
to facilitate 
emptying 404 
storage 403 
used for intracavernosal 
pharmacotherapy 1116 
Duplex ultrasound 1111 
Dye lasers 247 
Dynaflex 1121f 
Dynamic 
infusion cavernosometry 1111 
renal 
scan 103 
scintigraphy 106 
retrograde urethroscopy 475 
sentinel node biopsy 1066 
Dysfunction in men with lower urinary tract 
symptoms, treatment of 589 
Dyspnea 921 
Dysuria 36 


E 


Early complications stricture 394 
Early orchidopexy, advantages of 357 
Ears, physical examination of 904 
Ectopic 120 

adrenocorticotropic hormone 615 

testis 356 
Effective plasma volume, decreased 899 
Egyptian era, circumcision in 3f 
Ejaculation 40 

mechanism of 1126 
Ejaculatory 

disorders 1126 

classification of 1126 

duct obstruction 1090 

dysfunction classification and etiology 1126 
Elective urinary diversion 869 
Electroejaculation 1097 
Electrohydraulic lithotripter 659 
Electrolyte abnormalities and uric acid 

metabolism 907 
Electrolytic effects 288 


Electromagnetic spectrum 243f 
Electromyography 424 
Electropneumatic lithotripter RBST 659f 
Electrosurgical generator 284f 
Ellik’s bladder evacuator 657f 
Elmiron 222,502 See sodium pentosan 
polysulfate 
Embryonic stem cell 268f 
lines 266 
Emergency 
department care 130 
urology 113 
Emphysematous 
cystitis 207 
pyelonephritis 184, 206 
Empty scrotum 355 
Enal transplant surgical infectious 
complications 938 
Endocrine 
abnormalities 1101 
erectile dysfunction 1108 
Endogenous production 545 
Endometriosis 121, 557 
Endoscopic assessment 725 See bladder tumor 
Endoscopic 
bladder biopsy 758f 
enucleation of prostate 591 
evaluation 377 
images, system and 648 
incision 531 
injection of bulking material to treat vesico 
ureteric reflux 339f 
intracorporeal lithotripsy 
complications 788 
intrarenal instrumentation 576 
light cable 653f 
management of invasive lesions 731 
Endourological treatment procedures 202 
End-stage renal disease 913, 928, 944 
management of 915 
requiring transplant, causes of 928 
Energy sources in urinary stone 
management 785 
Enterobacteriaceae 169 
Enucleation 250 See also laser resection 
Enucleation of prostate with end firing 
fiber 249f 
Enuresis 36 
Epididymal 
pain 35 
pain 81 See also testicular 
Epididymis 43, 97, 218, 1073 
Epididymitis 197, 197f 
treatment of 425 
Epispadias 326, 327f 
associated anomalies 327 
classification 327 
female 327 
male 327 
in adult 328 
in childhood 328 


management 328 
results of reconstruction 328 
Epoetin alfa 917 
Epstein-Barr virus infections 923 
Equipment for upper tract 657 
Erectile dysfunction 21, 1105, 1106, 1109 
Doppler study for evaluation of 83 
etiology of 1108 
evaluation of 1110, 1112 
management of 1112 
neurogenic, causes of 1109 
postoperative 859 
risk factor of 1105 
treatment of 1112 
options for 1112 
vasculogenic, causes of 1109 
work-up of 1108 
Erection, physiology of 1107 
Erythromycin 947 
Erythroplasia of queyrat 1061, 1062 
Escherichia coli 119, 169, 179, 194, 900 
Escherichia coli 170f See coliform bacteria 
Ethical issues, circumcision 673 
Ethylene 
diaminetetraacetic acid 101 
oxide 662 
Everolimus 967 
Evident microwave ablation system 294 
Examination of bladder 42 
Excision with primary anastomosis, 
prognosis of 859 
Excretory urogram of patient with 
indiana pouch 764f 
Existing OT in old hospitals, 
disadvantages of 282 
Exiting abdomen 807 
Expectant medical therapy 148 
Expressed prostatic secretion 194 
Exstrophy epispadias, abnormalities in 328 
Extended prostate biopsy 701f 
External 
genitalia, development of 375 
radiotherapy, complications of 1032 
Extracorporeal shock wave lithotripsy 124, 
202, 550, 559, 560, 563, 566, 734, 
and patient care, techniques of 564 
biological effects of 550 
contraindications of 550 
history of 16 
in progress 562f 
indications of 562 


Extract of red chili 431 See pharmacotherapy 


capsaicin 
Extraperitoneal 
bladder ruptures 147 
extravasation 148 
incontinence 37 
rupture 147, 147f 
ruptures 148 
Extravasation of blood or urine 152 
Eyes, physical examination of 904 


Index 


F 


False positive serum prostatic acid 

phosphatase, causes of 55 
Faradic 

effects 288 

stimulation of pelvic floor muscles 416 
Fascial interposition with hemoclip 707f 
Fate of untreated hyper-reflexic bladder 436 
Female 

phenotype 376 


pseudohermaphroditism 376 See female 


phenotype 

sexual dysfunction 41, 881 
causes of 41 
history of 21 
management of 21 
types of 41 


urethra and distal sphincter mechanism 845 


urethral catheterization 641 
complications 642 
equipment 641 
urethral injuries 154 
urology 469 
Feminizing surgery 
clitororeduction 379 
esthetic refinements 379 
Fenoldopam 909 
Fetal 
hydronephrosis 537f 
lower urinary tract obstruction 537 
cause of 537 
diagnosis and prognostic criteria 537 
management 538 
pregnancy termination 538 
vesicoamniotic shunt 538 
therapy, techniques of 538 
treatment 
contraindications for 538 
indications for 538 
urinary 
diversion procedures 538 
parameters 538 
vesicocentesis 537 
Fever 921 
Fiber optic light system 655f 
Fibroma 88 
Filtration of blood occurs in renal corpuscle 
between Bowman’s capsule and 
glomerulus 304f 
Final 
hemostasis 713 
stage of urethroplasty 390f, 391f 
Fine needle aspiration cystology 959, 1046 
in testicular cancer 749 
First-line 
systemic chemotherapy 1036 
treatment of erectile dysfunction 1112 
Fistula 
after repair 890 


closure, principles of 888 
location of 883 
of urinary diversion 890 
etiology 890 
management 890 
type of 883 
Fitness for anesthesia and trauma of surgery 710 
Flaccid 
neuropathic bladder, management of 407 
type of neuropathic bladder 406 
etiology of 406 
Flagyl 208 See metronidazole 
Flank pain, differential diagnoses of 118, 556 
Flatter valve 874 
Flexible cystoscope 654, 655f 
advantages of 655 
disadvantages of 655 
principle of 654 
Flomax 404 See tamsulosin hydrochloride 
Flow 
distortion 83 
pattern within vessel 82 
Fluorescence in situ hybridization 995 
Fluoroquinolones 515 
Fluoroscopic image during percutaneous 
nephrolithotomy 574f 
Focus on outcome from sepsis 191 
Foley’s catheter 9f, 127, 127f, 160, 298, 505, 
627, 628, 628f, 764 
Follicle-stimulating hormone 56 
Forceps guided method 369 
Forensic identification of semen 54 
Formal renal arteriography, 
complications of 90t 
Formaldehyde vapor 661 
Fosrenol 917 See lanthanum carbonate 
Fractured penis 157f 
Free graft repair 853 
prognosis of 859 
Freehand method 369 
French calibration 652 
Frequency of urine 36 
Frequently ureteropelvic junction 120 
Fuhrman 
grade 960 
nuclear grading system 960 
Fulguration of bladder tumor 730 
indication of 730 
Full-thickness skin graft 853 
Fungal bezoars 119 
Furadantin 176 See nitrofurantoin 
Furosemide 718 
Future of gene therapy 241 


G 


Gadolinium excretory MR urography 98 
Gamete intrafallopian transfer 1103 
Gamma 

camera machine 102f 

knife 238 
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Gamma-glutamyl transpeptidase 1046 
Gas 
insufflator 803f 
sterilization 661 
Gastrocystoplasty 864 
Gastrointestinal 
anastomosis stapler 760 
difficulty 920 
stapling device for orthotopic bladder 
reconstruction 864f 
symptoms 913 
of nausea 904 
of urologic diseases 35 
tract 793 
Gender assignment 378 
Gene 
therapeutic 
strategies 239 
vectors, specificity of 240 
therapy 
in urology, application of 239 
technique of transferring coding 
DNA 239f 
Genetics of intersex 375 
Genetourinary 
tuberculosis 
bladder 218 
kidney 217 
tuberculosis ureter 217 
Genital 
herpes simplex 215 
reconstruction 378 
tract into common urogenital sinus 378f 
warts 254 
Genitofemoral nerve 140 
Genitogram confluence of urethra 378f 
Genitourinary 
infection 167 
signs and symptoms of 33 
tract 
applied anatomy of 301 
trauma, causes of lower 142 
tuberculosis 217, 219 
clinical presentation of 218 
etiopathogenesis 217 
investigations for 218 
Gentle traction on bladder neck 714 
Germ cell tumor 1042 
of testes 1043f 
Gerota’s fascia 924 
Giant condyloma acuminata 1061 
Gibbon catheters 629 
Glanular epispadias 327 
Gleason grading and pattern of prostate cancer 
tissue 1024, 1024f 
Glomerular 
diseases 899 
filtration rate 52, 101, 898, 913 
measurement of 101 
Glomerulation of bladder consistent with 
interstitial cystitis 222f, 502f 
Glomerulonephritis 899 
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Glomerulus 897f 
Glucose 49 
Glycine solutions 664 
Goal for neurogenic shock treatment plan 445 
Goal-directed therapy 190 
Gomco clamp 371 
parts of 371f 
Gonadal dysgenesis 376 
Gonadectomy, masculinizing surgery 379 
Gonadotropin-releasing hormone 1019 
Gonads, development of 375 
Gonococcal urethritis 207 
treatment 207 
Gonorrhea 213 
diagnosis 213 
treatment 213 
Gracilis muscle flap 490 
Graft dysfunction 937 
investigations of 937 
Gram-negative 
bacilli on light microscopy 49f 
diplococci 198 
Gram-positive cocci on light microscopy 50f 
Granular casts 905 
eosinophilic cytoplasm 951 
Granuloma inguinale 214 
Granulomatous disease 883, 1090 
Greenish metallic sheen 170 
Gross 
filling defect in bladder 757f 
inspection of urine 48 
Gunshot injury 145 
Gynecologic trauma 146 
Gynecological causes of flank pain 557 
Gynecomastia 40 


H 


Haemophilus 
ducreyi 212,214 
species 156 
Hairless scrotal island flap 856 
Hairy urethra 
early complications 394 
late complications 394 
Hand-assisted laparoscopic 
nephrectomy 813, 815 
surgery 805, 806f, 811 
principle of 806f 
techniques 942 
Hand-assisted retroperitoneoscopic donor 
nephrectomy 926 
Harmonic scalpel 292, 292f 
Hasson’s technique 795 
Headache 921 
Heard’s acoustic bladder sound 7f 
Heat-killed uropathogen vaginal suppository 
vaccines 205 
Hemangioma 88 
Hematogenous 980 
Hematological abnormalities 906 
Hematoma 75, 157 


Hematospermia 40 See blood in ejaculation 
Hematospermia, causes of 40 
Hematuria 38, 39, 528, 533 
causes of 38 
classification of 39 
Hemodynamic changes in phases of erection 
and detumescence 1107t 
Hemolytic uremic syndrome 899, 900 
Hemorrhage 128 
Hemospermia 1129 
Hemostasis 714 
Hernias 82 
Herpes 
simplex virus promoter 241 
zoster 119 
Hexaminolevulinate 998 
Hiccups 913 
High frequency electrosurgical apparatus 284 
High level of urinary potassium 501 
High parathyroid hormone 914 
High precision radiotherapy in renal cell 
carcinoma, role of 228 
High-frequency current 287 
High-intensity focused ultrasound 1035f 
ablation 263 
energy therapy 594, 595f 
Hippel-Lindau disease 620 
Hippocratic oath 5 
Histocompatible tissues nuclear 
transplantation, generation of 275 
Histologic findings of renal cell carcinoma 960 
Histoplasma capsulatum 194 
Hockey stick incision 933 
Holding area 278 
Holmium laser 249f, 251, 252, 977f 
enucleation 591 
of prostate 591 
lithotripsy 
advantages of 252 
disadvantages of 252 
Holmium yttrium-aluminum-garnet laser 
disintegrating urinary stone 786f 
Hormonal 
analysis 1092 
studies in urine 55 
therapy 357 
Hormone 
replacement therapy 603 
resistant prostate cancer 1036 
therapy 1115 
masculinizing surgery 379 
Horse antithymocyte globulin 921 
Human 
chorionic gonadotropin 56, 748 
embryonic stem cells 268f 
erythropoietins 917 
leukocyte antigen 519 
tubal fluid 1097 
Hydrocele 43, 359 
diagnosis 359 
exploration of 360f 
treatment 359 


Hydrogel encapsulated Foley’s catheters 629 
Hydronephrosis 425 
of left kidney detected by ultrasound 512f 
Hydronephrotic kidney 174f 
specimen of 510f 
Hyper 
acute rejection 936 
aldosteronism, primary 612, 613 
calciuria, causes of 546 
chloremic acidosis 879 See metabolic 
complications 
echoic tumors 79 
kalemia 907 
nephromas 75 
osmolar sodium chloride 718 
reflexic 
bladder from myelomeningocele 420 
bladder with reduced capacity 437 
causes of 434 
Hypertension 135 
symptoms of 622f 
Hypertensive crisis 620 
Hypocontractile detrusor function 465 
Hypoechoic 
lesion in prostate on transrectal 
ultrasound 699f 
tumors 79 
Hyponatremia 907 
Hypo-osmotic swelling 1093 
Hyporeflexic 
bladder, causes of 406 
characteristics of 406 
Hypospadias 383, 637 
classification system of 383, 383f 
diagnosis 384 
differential diagnosis of 384 
medical care, treatment of 384 
pathophysiology of 382 
patients with multiple failures 394 
repair of 382, 384 
complications of 393 
early complications 393 
early complications 
edema 393 
infection 393 
meatal stenosis 393 
late complications 393 
techniques of 385 
steps of repair of 385 
surgery, masculinizing surgery 379 
surgical care, treatment of 384 
treatment of 384 
Hypotension 129, 921 
Hypothalamic-pituitary-gonadal 1081 
Hypovolemia 899 
Hytrin 404 See terazosin 


Iatrogenic injuries of ureter 137 
Idiopathic 
causes 1090 


Index 


stone formation 545 
Ileal 
conduit 762, 871, 873f, 1008, 1009 
interposition graft 140 
reservoirs 875 
Ileocecal valve 874 
Ileocystoplasty 863 
surgical procedure for 864 
Image-guided 
intensity modulated radiation therapy 1031 
tumor ablation modalities 261 
Imipramine 404 
Immunodeficiency syndrome 212 
acquired 215 
Immunosuppression 
drugs, side effects of 934t 
in renal transplantation 920 
Immunosuppressive 
agents 934 
primary 922 
drugs 934 
Immunotherapy, contraindications of 650 
Impotence, types of 1108 
Imuran 935 See azathioprine 
Invitro fertilization 1103 
Incidental renal tumor 965 
Incision 
of endopelvic fascia 771 
on vagina prior to placement of 
tension-free vaginal tape 479f 
Incomplete 
bladder emptying 584 
injuries of ureter 138 
Incontinence 
classification of 37, 412 
history 414 
pathophysiology of 411 
Incontinent 
cutaneous urinary diversion 762 
diversion 1009 See ileal conduit 
urinary diversion 869 
Increased prostate specific antigen, causes of 54 
Indiana pouch 1009 
Indiana pouch 763 See continent urinary 
diversions 
cecum, construction of 764f 
Induced pluripotent stem cells 267 
Induction room 278 
Indwelling catheter 202 
Infarcted testicle 81 
Infection 
and malignancy issues 923 
encountered in urological practice, 
types of 201 
stones 546 
Infectious stones 202 
Inferior mesenteric artery 783 
Infertility 
cause of 1100 
halassemia, causes of 1087 
idiopathic hypogonadotropic 
hypogonadism, causes of 1087 
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pituitary disorder, causes of 1087 
prolactinoma, causes of 1087 
Inflammation 111 
Inflatable penile prosthesis 1117f 
Inflatable penile prosthesis for erectile 
dysfunction 21f 
Influencing 
graft function, factors of 939 
therapeutic effect, factors of 288 
Inguinal testis 356 
Injection 
botox 595f 
therapy 1115 See second-line therapy 
Injuries 
of penis 156 
ofurethra 144 
to genitourinary tract 130 
Innervation of sphincter 402 
Inotropic therapy 190 
Insemination, artificial 1097 
Insertion of 
inflatable prosthesis 1123 
sharp dissecting forceps 707f 
Inspection, abdominal 796 
Instrument for stone management 659 
Instrumentation for 
developing extraperitoneal space 796 
morcellation 798 
specimen entrapment and removal 798 
Insulated electrode 290, 290f 
Insulin growth factor 909 
Intensity modulated radiation therapy 1031 
Interactive telemedicine services 
teleradiology 271 
teleurology 272 
Intercellular adhesion molecules 909 
Interferon-alpha, combined with 968 
Interleukin-2 and interferon, combinations 
of 969 
Intermediate-prognosis nonseminoma 1056 
Intermittent 
catheterization 407, 666 
self-catheterization 
of female 408f 667f 
of male 409f, 667f 
portable set 408f 
self-start therapy 175 
Internal 
ducts, development of 375 
sphincter 402 
urethrotomy 858 
International prostate symptom score 585¢, 600 
index 584, 599 
Interposition flaps or grafts 489 
Interstitial 
cystitis 221, 501, 861 
diagnosis 501 
management 502 
symptoms 221, 501 
laser coagulation 250 
mast cell infiltration 501 
nephritis 899, 905 


Intervention, principle of 516 
Intestinal 
absorption 545, 546 
obstruction 61, 866 
Intra-abdominal testis 356 
Intracavernosal 
injection of vasoactive drug 1115f 
self injections for erectile dysfunction 21f 
Intracavernous vasoconstrictor drugs 1116¢ 
Intracellular calcium 901 
Intracorporeal lithotripsy 566, 568, 659, 785 
complications 568 
postoperative care 567 
prognosis 568 
Intractable hematuria, management of 644 
Intracytoplasmic sperm injection 1098, 1103 
technique of 1103f 
Intraoperative use of ultrasound 72 
Intraperitoneal 
bladder rupture 146, 148 
rupture 147f, 148 
Intravenous urogram 117, 132, 184, 530, 555, 
778, 996 
advantages of 65, 555 
contraindications of 58 
disadvantages of 556 
of patient with ureteric injury 138f 
Intravenous urography 64, 65, 115, 132, 513, 
549, 870 
of obstructed megaureter 513f 
Intravesical 
chemotherapy 297, 650 
and immunotherapy, principles 
of 297, 650 
contraindications of 650 
indications of 297, 650 
immunotherapy 297, 650, 1003 
interferon alpha 1004 
therapy, pre-requisite for 650 
Intussusception 61 
Iodinated contrast media 59 
Irrigation fluid for turp 721 
Ischemic injury of bladder wall, causes 883 
Isoechoic tumors 79 
Isolated follicle-stimulating hormone 
deficiency 1087 
Isolated luteinizing hormone deficiency 1087 
Isotonic dextrose solution 664 


J 


Jack-knife position 488 
Jacques 629 
J-stents 631 See pigtail stents 


K 


Kartagener syndrome 1085 

Karyotype analysis 378 

Kayexalate 916 See sodium polystyrene 
sulfonate 

Kegel exercises 429 
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Kelly’s female cystourethroscope 11f 
Ketoconazole 618, 947 
Kidney 61, 241, 302, 534, 795 
air within 63 
blood supply 302 
calyceal system 302 
changes in 510 
development of 301 
disease 
autosomal 
dominant polycystic 309 
recessive polycystic 309 
diagnosis, autosomal recessive 
polycystic 309 
genetics, autosomal dominant 
polycystic 310 
management, autosomal 
dominant polycystic 310 
recessive polycystic 309 
pathology, autosomal 
dominant polycystic 309 
recessive polycystic 309 
prognosis, autosomal 
dominant polycystic 310 
recessive polycystic 309 
enlargement of 
both 63 
one 63 
histology 303 
histology nephron 303 
invading cortical tissue 823f 
macroscopic anatomy 302 
management of 516 
mesonephros, development of 301 
metanephrogenic cap, development of 301 
pain 34 
pathology 218 See also renal 
perirenal fascia 302 
pronephros, development of 301 
sarcoma of 954 
stone 543f, 549 
in renal calyx 544f 
transplant, history of 928 
tumors 120, 227 
preoperative radiotherapy 227 
treatment options 227 
ureter 510 
ureteric bud, development of 302 
venous drainage 303 
Klebsiella 179, 881 
Klinefelter syndrome 1088 
Kocks nipple valve 874 
Kollman’s urethral dilator 843 
Kollman-type urethral dilator 843f 


L 


Laboratory test for urological work-up 47 
Lactic acid dehydrogenase 1046 

Lactobacillus species vaginal suppositories 205 
Lanthanum carbonate 917 

Lap donor nephrectomy, history of 941 


Laparoendoscopic single-site surgery 734 
Laparoscopic 
adrenalectomy 612, 809, 811f 
complications 811 
techniques of 809 
cystoprostatectomy 791f 
with urinary diversion 790 
technique for 790 
donor 
nephrectomy 932, 932f, 942f 
operation 931f 
hand instruments 797 
instrumentation 807 
nephrectomy 964 
approaches for 813 
positioning for 813 
techniques for 814 
nephron sparing surgery 817 
nephroureterectomy 821 
technique of 817, 821 
orchidopexy 838 
techniques of 839 
partial nephrectomy 817 
pyeloplasty 320, 779, 779f, 827, 828f 
complications 829 
radical cystectomy 762f 
in female 792 
radical nephrectomy 813 
organ retrieval 964f 
radical prostatectomy 1029 
removal of adrenal gland 809 
retroperitoneal 
lymph node dissection 782 
lymphadenectomy in progress 783f 
retropubic suspension 478 
surgery 
complications of 798 
single port access for 805f 
technique in urology, evolution of 794 
ureterolithotomy 737, 739, 739f 
urological surgery 800 
physiology 801 
varicocelectomy 754 
video instrumentation and cart 806, 806f 
Laparoscopy 
history of 800 
in urologic surgery, history of 12 
Large renal cell carcinoma 963f 
Large-caliber resectoscope 788 
Laser 
ablation 263 
applications in urology 249 
CO, laser, types of 246 
components of 244f 
in laparoscopy 255 
in penile cancer, application of 1065 
in ureteric stone flexible ureteroscopes, 
application of 690f 
in urology 243 
history 243 
introduction 243 
induced stone disintegration 660 


lithotripsy 16, 566, 785, 787f 
on prostate, effect of 593f 
photocoagulation 977 
prostatectomy 
advantages of 251 
disadvantages of 251 
indications of 251 
resection 250 
ruby, types of 246 
system, components of 244 
tissue interaction 245 
types of 246 
unit for treatment of benign prostatic 
hyperplasia 593f 
Late complications stricture 394 
Latent syphilis 213 
Lateral pedicles 773 
Laughing 37 
Laurence-Moon-Biedl syndrome 1087 
Lawson position 488 
Lax abdominal wall in prune belly syndrome 332f 
Layers of tunica vaginalis 1073 
Leak point pressure, abdominal 415 
Leakage from around nephrostomy tube 578 
Left 
ureteropelvic junction obstruction 515f 
urinary tract 509f 
varicocele, classical 361f 
ventricular function 914 
Leg bags 639f 
Length of undescended testis 839 
Leukemia 1055 
Leukocyte esterase 180 
Leukopenia difficulty 920 
Levitra 1114 See vardenafil 
Light imaging view of CIS 688f 
Lightening 281 
Lipoma 88 
Listeria species 947 
Lithium triborate laser 248 See also 
potassium-titanyl phosphate 
Liver 61 
disease 901 
function test 189t, 757, 766 
status 1047 
Lobe resection 713 
Local and referred pain 33 
Local anesthesia 699 
Local metastasis radical nephrectomy 746f 
Localized prostate cancer, treatment 
options in 231 
Longitudinal section through pelvis 472f 
Long-term indwelling catheters 639 
Low 
power gleasons score 700f 
pressure continuous flow resectoscope 656 
temperature 261 
cryoablation 261, 262 
radiofrequency ablation 261 
volume ejaculation 1128 
Low-dose long-term antimicrobial 
prophylaxis 175 


Index 


Lower genitourinary tract 142 
trauma 142 
pathophysiology of 142 
Lower 
half of kidney 963f 
polar tumor in right kidney 817f 
ureteral stone 738 
ureterolithotomy, open 737 
urinary tract 587 
contrast study of 64 
obstruction, management of 516 
permanent diversion 868 
symptoms 35, 35t, 599 
differential diagnosis of 710t 
epidemiology 599 
in men 599 
in women 597, 602 
investigation of 710 
management of 601 
temporary diversion 868 
trauma, management of 144, 148 
Lumbar approach to kidney 302f 
Luteinizing-hormone-releasing hormone 1019 
Lymph node 
dissection 835 
in retroperitonium, distribution of 782f 
status 993 
Lymphadenectomy 760, 1065, 1065f 
completed 1065f 
with radical prostatectomy 1030 
Lymphatic fluid 38 
Lymphocyte reaction 929 
Lymphogranuloma venereum 214 
Lymphoma 88, 1060 See also carcinoma 


Macrophage-stimulating lymphokine 933 
Magnetic resonance 
imaging, history of 18 
urography 97 
Male 
bladder 686f 
factor 
testing 1100 
treatment of 1102 
genital organs, anatomy of 1073f 
infertility 1081, 1082f 1093f, 1096f, 1098f 
acute 1084 
causes of 1086 
epididymis 1086 
hypothalamus and dysfunction, 
causes of 1086 
medical history 1084 
pathophysiology of 1081 
peripheral organs 1088 
physical examination for 1085 
rectal examination 1086 
respiratory disease 1085 
sexual history 1084 
spermatic cord 1086 


treatment 1094 
antisperm antibodies 1095 
endocrinopathies 1094 
lifestyle 1095 
medical care 1094 
retrograde ejaculation 1095 
semen processing 1095 
vasovasostomy 1095 
vas deferens 1086 
patient with severe pelvic trauma 153f 
phenotype 376 
pseudohermaphroditism 376 See male 
phenotype 
sexual dysfunction 
history of 21 
management of 21 
urethra, anatomy of 843 
urethral catheterization 633 
urinary tract prostate gland 583f 
urogenital system, anatomical sketch of 150f 
Malecot catheter 631, 631f 
for suprapubic catheterization 9f 
Malignant 
cell on urine cytology 51f 
neoplasm of prostate 1022 
urethelial tumors 980 
Mammalian stem cells 267f 
Marshall staging system 992 
of bladder cancer 993f 
Marshall-Bonney test 473 
Marshall-Marchetti-Krantz 
colposuspension 477 
operation 471 
Martius’ flap 490 
Mass in loin 39 
Mathieu’s procedure 387 See perimeatal 
based flap 
Mauermayer stone punch 659 
Mayo scoring system for RCC 970t 
Meatal stricture 849 
Meatoplasty 849 
Mechanical lithotripsy 785 
Medical renal disease 76 
Medroxyprogesterone acetate 524 
Megacystis-Megaureter syndrome 335 
Megaloblastic anemia 866 
Membrane 364 See also posterior urethral 
valves 
Membranous urethra 844 
Mercaptotriglycylglycine 870 
Metabolic 
abnormalities 544 
acidosis 907 
complications 866, 879 
derangements 866 
evaluation for stone disease, 
indications for 552 
Metaiodobenzylguanidine iodine-131 111 
Metallic bougie 704f 
Metastatic 
bladder cancer 1012 
disease 1012 
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disease 97, 966, 993, 1045 
prostatic cancer 1033 
renal cell 
cancer, management of 966 
carcinoma, surgery for 966 
tumor 971 
Methenamine hippurate 205 
Methods of circumcision 369 
Metronidazole 208 
Metyrapone 618 
Micropenis 381 
treatment 381 
Microscopic hematuria 38 
Microsurgical varicocelectomy 753 
Microwave ablation 263 
system 295 
Microwave thermotherapy 594f 
principles of 594f 
Micturating cystourethrogram 66 See also 
voiding cystourethrogram 
Micturating 
cystourethrogram 67f 
urethrogram 365f 
Micturition 
control of 428, 403f 
cycle 403 
Mid ureteral stone 738 
Middle 
hypospadias, classification 383 
ureterolithotomy 737 
Midstream urine 47 
Milestone of urology 1 
Milky white urine effluxing from left ureteral 
orifice 183f 
Miniarc tape 482f 
Miniature percutaneous access 574 
Minimally invasive surgery 800 
Minipress 404 
Mitomycin C 978 
Mitotane 618 
Mitrofanoff’s principles 874 
Modern operation theater 279f 
Modified bladder neck incision 721 
Mohs micrographic surgery 1064 
Molecular 
marker for urothelial cancer 975 
prognostic markers 1028 
Monilia 208 See Candida vaginitis 
Monitoring nocturnal tumescence with 
rigiscan 1111f 
Monoclonal antibody 935 
Monoclonal 
anti-CD20 antibody 922 
anti-CD25 antibody 922 
Monopolar diathermy 286f 
Monosodium urate 197 
Morbidity 957 
of inguinal lymphadenectomy 1066 
Mortality 957 
Most common bladder cancer 991 
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Mostofi grading system 1024 
Motion mode ultrasound 69 
Motor 
innervation of bladder 402 
urge incontinence 416 
vehicle accident 142 
MR urography, applications of 98 
MRI, advantages of 97 
Mucosal biopsy, indications for 729 
Miillerian 
inhibitory factor 375 
structures, excision of 379 
Multicystic disease 75 
Multicystic dysplastic kidney 306 
abdominal mass, management of 307 
etiology 306 
genetics 307 
hypertension, management of 308 
incidence 307 
malignancy, management of 308 
management of 307 
nonoperative management of 308 
pathology 307 
postnatal evaluation 307 
renal ultrasound 307 
vesicoureteric reflux 307 
prenatal ultrasound 307 
surgery of 308 
Multifocal transitional cell carcinoma 515f 
Multikinase inhibitors 967 
Multilocular renal cyst 310 
Multiple bladder 
cancer 1000f 
stone 548f 
Multiple organ failure 900 
Multistage urethroplasty with oral mucosa 
graft 854 
Mumps orchitis 210 
treatment 210 
Mundy’s analysis 859 
Muromonab-CD3 921, 922 
Muscle 
invasive tumor 230 
pain 119 
Muscle-invasive 
bladder cancer 990 
disease, management of 1006 
Mycobacterium tuberculosis 169, 181, 181f, 
194, 217 
Mycofenolate mofetil, cellcept 935 
Mycophenolate 928 
acid 921 
mofetil 524 
Mycoplasma hominis 213 
Myelolipoma 609 
Myelomeningocele 418, 418f 419f 
causes 418 
classification 419 
management 419 
symptoms 418 
Myocardial infarction 905 
Myopathic bladder 126 
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N-acetylcysteine 909 
Narcotics 122, 557 
Narrow band imaging 688 
Natriuretic peptides 909 
Nausea 913 
Needle 
inserted into kidney 572f 
removed with guidewire in kidney 572f 
Neisseria gonorrhea 207, 212 
Nelaton catheters 629 See also Jacques 
Neoadjuvant 
chemotherapy 1012 
hormone therapy and brachytherapy 1033 
Neobladder 1009 
Neodymium:yttrium-aluminum-garnet laser 246 
Neonatal hemorrhage 899 
Neovascularization 274 
Nephrectomy 
for live donor 931 
laparoscopy, complications of 798 
Nephritic syndrome with hematuria 903 
Nephroblastoma 75 See Wilms’ tumor 
Nephrogenic systemic fibrosis 915 
Nephrolithotripsy with flexible 
ureteroscopes 787f 
Nephron 895f 
outline of 303f 
sparing surgery 817, 963, 970 
open 963f 
Nephroscope 658 
in percutaneous nephrolithotomy 574f 
Nephrostography 515 
Nephrostomy 631 
catheter drainage 572, 572f 
tube 202,516 
Nephrotoxicity 59 
Nephroureterectomy 532 
open 821 
Nerve cell 268f 
Nerve-sparing radical 
cystectomy 761 
prostatectomy 772 
Nesbit Tuck procedure 1078 
Neuroblastoma 609, 613 
Neurogenic 
bladder 36 
patients 344 
erectile dysfunction 1108 
shock 445 
Neurologic signs of uremia 905 
Neuromodulation or bladder pacemaker 432 
Neuropathic bladder 127, 421 
anticholinergic drugs 438 
bladder pacemaker 439 
botulinum toxin 438 
causes of 415, 415t 
classification of 342, 422 
bladder abnormality 342, 343 
different combinations 342 
complications of 425 


definition 342 
diagnosis of 422, 423 
differential diagnosis of 424 
in children 342 
in spinal injury, management of 443 
management 343, 437 
augmentation cystoplasty 343 
medical therapy 343 
of bowel incontinence 343 
urinary tract infection 343 
neurostimulation 438 
pathophysiology of 421 
signs 435 
symptoms 435 
treatment of 427 
type of 434 
Neuropathic disorder 179 
Neurourology 397 
Neutral electrode 289 
Neutrophil activation and intracellular 
adhesion molecules 902 
Nexavar 967 See sorafenib 
Nicardipine 947 
Nifedipine 122 
Nitric oxide 902, 1107 
synthase 902 
Nitrofurantoin 176, 515 
Nitrogenous waste products in blood 906 
No scalpel method 705 
Nocturnal enuresis 346, 413 
definition 346 
diagnosis 346 
treatment 346, 347 
desmopressin 346 
imipramine 347 
Nocturnal penile tumescence 1111 
with simple postage stamp 1111f 
Nonbacterial prostatitis 209 
treatment 209 
Noncontinent urinary diversion, principles of 870 
Noncontrast helical computed tomography 116 
Nondeflating urethral catheter, 
management of 639 
Nondisposable trocar for laparoscopy 804f 
Nonepithelial carcinomas 976 
Nongonococcal urethritis 208, 212, 213 
diagnosis 213 
treatment 208, 213 
Non-Hodgkin’s lymphoma 955 
Nonionic contrast media 59 
Nonmuscle invasive 
transitional cell carcinoma bladder 1005 
bladder cancer 1005 
Nonmyeloablative allogeneic stem-cell 
transplantation 969 
Nonpalpable inguinal lymph nodes 1066 
Nonpalpable testis 357, 794 
Nonseminomatous germ cell tumors 750 
Nonsteroidal anti-inflammatory drug 119, 
122, 549, 557, 899 
Nontransitional cell carcinoma 975 
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adenocarcinoma 975 
mixed carcinoma 976 
squamous cell carcinoma 976 
undifferentiated carcinomas 976 
Norfloxacin 205 
Normal 
calcification on plain kub 62 
detrusor contractility 465 
urothelium 974, 974f 
No-scalpel vasectomy 705 
Notable people with bladder stones 7 
Novel 
markers of acute kidney injury 907 
therapies 190 
activated protein c 190 
vasopressin 191 
Nuclear imaging 513 
of urinary tract, indications of 103 
Nuclear 
matrix protein 975 
medicine in genitourinary tract 101 
renal scan 530 See diuretic nuclear 
renography 
renal scans 117,555 
scan 870 
Nutritional complications 879 
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Obstetric trauma 146 
Obstructing megaureter 
complications, primary 536 
pathophysiology, primary 533 
Obstructive 
megaureter, primary 533 
nephropathy, pathophysiology of 509 
voiding symptoms 528 
Obtaining pneumoperitoneum 803 
Obturator nerve excitation and muscle spasm 731 
Oliguria 37, 936 
or anuria following renal transplantation 936 
Omental flap 490 
Onlay graft orientation 855 
Open radical 
nephrectomy, techniques of 744 
retropubic prostatectomy 1029 
Open 
reconstructive techniques, complication 
of 858 
suprapubic cystostomy 681 
technique of retroperitoneal lymph node 
dissection 782 
ureterolithotomy 739 
urological operations with bowel segment 203 
Operating theater complex 277 
types of 279 
Operation 
rooms 
doors 279 
electric point 280 
operation table 280 
walls 280 
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theater complex 
aseptic, zones of 278 
clean zone 278 
different zones of 277 
disposal zone 278 
protective zone 277 
Operative urology 671 
Opioids 122, 557 
Optical internal urethrostomy, complications 
of 848 
Optical 
internal urethrotomy 848 
lithotrite 659 
urethrotome 657f, 658f, 848f 
Oral mucosa 
graft 853f, 855 
membrane 852f 
graft urethroplasty 859 
Orandi procedure 850 
Orchidectomy 1046 
Orchidopexy 
advantages of 357 
masculinizing surgery 379 
Orchiectomy specimen oftesticular cancer 1042f 
Orchitis 197, 197f, 210 
Organ dysfunction, clinical and laboratory 
markers of 189t 
Organic erectile dysfunction 1108 
Orthopedic trauma 146 
Orthoplasty for chordee 386 
Orthostatic hypotension 405 
Orthotopic bladder 863/f, 865f, 881 
Orthotopic bladder 881 See also urinary 
diversion, prognosis of 
construction 765f, 1010f 
in progress 878f 
principle of 864f 
reconstruction is completed 765f, 878f 
Orthotopic neobladder 764, 861, 877 
Orthotopic neobladder 861 See substitution 
cystoplasty 
Otis urethrotome 660, 704f 
Ovarian 
cyst rupture or torsion 121, 557 
reserve testing 1101 
vein syndrome 121 
Overactive bladder 
management fluid 429 
pathophysiology 428 
surgical options for 431 
Overactive detrusor function 465 
Overall renal function 575 
Overflow incontinence 413 
Ovulatory dysfunction, treatment of 1102 
Ovulatory function testing 1101 
Oxalate 55, 547 
Oxybutynin 403 
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Pacemaker of ureter 304 
Pad test 423, 473 
incontinence physical examination 414 


Pain of urinary tract 34t 
Painful 
bladder syndrome 221 
ejaculation 1128 
hematuria 39 
Painless hematuria 39 
Palpable testis 357 
Papillary necrosis 119 
Paraphimosis 373, 373f 
Paraphimosis 
manual reduction 373 
difficulties with 676 
Parastomal hernia 880f 
Parathyroid hormones 56 
Parkinson’s disease 269, 421 
Partial 
adrenalectomy 612 
injuries of ureter 138 
laparoscopic nephrectomy 965 
nephrectomy 314 
thromboplastin time, activated 645 
ureterectomy 531 
Passing resectoscope 712 
Passive 
cutting working element 655 
sphincter 874 
Pasteurella multocida 163 
Patch urethroplasty of fossa navicularis 849 
Patent urachus 330, 330f 
Patent urachus 
diagnosis 330 
treatment 330 
Pathogenic organisms 179 
Patients with 
cystoplasty 867 
pacemaker 290 
phimosis, circumcision for 674 
Pediatric urology 299 
Pedicled skin flaps 855 
prognosis of 859 
Pefloxacin 205 
Pelvic 
examination in female 44 
floor muscle training 602 
fracture urethral distraction defects of 
urethra, management of 856 
incontinence physical examination 414 
inflammatory disease 121, 557 
lymphadenectomy 761f, 1007, 1007f 
in progress 761f 
surgery 1107 
Pelvis 
air within 63 
computed tomography scan of 143 
of female bladder 399f 
Pelviureteric junction obstruction 514f 
Penectomy 1065f 
Penetrating bladder injury 148 
Penetrating injury of penis 160 
complications and outcome of 160 
management of 160 
Penetrating trauma 145, 151 
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Penile 

amputation 158 
complications of 159 
management of 159 

angiogram 1111 

biothesiometry 1111 

cancer 1058, 1059, 1064f 
complications 1067 
effects on sexuality 1059 
etiology 1060 
involving glans 1058f 
pathology 1060 
prevention of 1067 
problem 1059 
staging of 1063 
treatment 1059, 1063 
treatment surgical therapy 1063 

carcinoma 254 

epispadias 327 

fracture 
complications of 158 
outcome of 158 
signs and symptoms of 157 
treatment of 157 

implants 1116 

injuries 156 

malignant tumor 1060 
melanoma 1060 
metastatic 1060 

nerves function 1111 

pain 35 

prosthesis 1116 See third-line therapy 

prosthesis 1122 
complications of 1117 
contraindications of 1116 
erosion of 1117f 
implantation 1120 
indications of 1116 
insertion 1078 
placement, techniques of 1123 

reimplantation, prognosis of 159 

skin 160 

soft tissue injury 160 
management of 160 


urethral stricture, treatment options of 850 


zipper injury 677 
complications 677 
management 677 

Penis 42, 97, 241, 794, 1086 

applied anatomy of 1059 

by metallic ring 160 

by nonmetallic ring 160 

size of 40 

with rice mill belt injury, accidental 
amputation of 158f 

Penopubic epispadias 327 
Percutaneous 
ablation, complications of 263 


core biopsy in evaluation of renal mass 959 


coronary intervention 909 
cystostomy set 128f 
endopyeloplasty 572, 574 


endopyelotomy stent 573f 
endourological procedure 570-572 
complications 577 
diagnostic indications of 571 
postoperative care 577 
relevant anatomy 570 
treatment 576, 577 
minimally invasive technique 965 
nephrolithotomy 551, 574, 574f 
complications of 551 
indications of 551 
nephrolithotripsy 658, 785, 788f 
nephroscope 658 
nephrostomy 123, 124f, 558, 887 
radiofrequency ablation 965 
renal biopsy induced renal injury 135 
suprapubic 
catheterization 128 
tube, contraindications of 128 
treatment of 
genitourinary cancer 259 
renal stones, indications of 577 
Perforation of 
bladder tumor 731 
intestine 61 
Peri-intercourse prophylaxis 175 
Perimeatal-based flap 387 
Perinatal hemorrhage 899 
Perineal 
approach 79 
biopsy 194 
of prostate 194f 
Perinephric abscess 185, 206 
diagnosis 185, 206 
treatment 185, 206 
Perioperative antibacterial prophylaxis in 
urology 200 
Peripheral nerve 406 
injury 422 
Permanent urethral stent 857, 857f, 859 
complication of 858 
Persons test 222, 502 potassium test 
Peyronie's disease 1076, 1076f 
causes of 1077 
complications 1079 
pathophysiology 1076 
treatment 1077 
medical care 1077, 1078 
Phalloplasty, masculinizing surgery 379 
Pharmacologic modification of neuropathic 
bladder 446 
Pharmacotherapy 
capsaicin 431 
darifenacin 430 
intravesical oxybutynin 430 
oxybutynin 430 
solifenacin 430 
Phases of spinal shock 443 
Phenazopyridine 884 
Phenoxybenzamine 405 
Pheochromocytoma 609, 610f, 612, 619 
cardiovascular morbidity 619 


diagnosis of 622 
diagnostic criteria of 609 
history 620 
micrograph of 623f 
neurologic complications 619 
pathophysiology 619 
preoperative management of 610 
symptoms of 620 
treatment 623 
Phimosis 368 
diagnosis 368 
treatment 368 
Phosphate binders, oral 916 
Phosphocreatine to creatine, conversion of 52 
Phospholipases and integrins 902 
Photodynamic therapy 253 
Photothermal effect 252 
Phymosis, management of 675f 
Pigtail 
catheter 9f 
stents 631 
Pituitary adrenocortico-tropic hormone 607 
Plain 
kub in acute ureteric colic, current status of 63 
urethral catheter 9f 
of live donor nephrectomy 942f 
Plaque excision and grafting 1078 
Plasma 
adrenocorticotropic hormone level 616 
androgen levels 617 
cortisol by dexamethasone 616 
kinetic enucleation of prostate 591 
sterilization 662, 662f 
technology, principle of 662 
Plastibell method 369 
Plastic foley’s catheter 628, 628f 
Pleuritis and pneumonia 119 
Pluck technique modifications 822 
Pneumatic lithotripsy 566 
Pneumaturia 38 
Pneumocystis carinii 938 
Pneumoperitoneum 795, 924 
Pneumothorax, complications of 578 
Pocket ultrasound machine 71f 
Polyclonal antibodies 921 
Polycystic kidney disease 309 
Poor 
compliance of bladder 862 
visibility 715 
Poorly functioning kidney, management of 321 
Port placement for 
laparoscopic donor nephrectomy 942f 
left-sided adrenalectomy 810f 
retroperitoneoscopic donor 
nephrectomy 924f 
Portable pneumatic lithotriptor 660f 
Positive air pressure system in OT 281 
Positron emission tomography 108 
Postanesthetic care unit 278 
Postchemotherapy retroperitoneal lymph 
node dissection 783 
Postcoital test 1092 
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Posterior hypospadias 
adjacent skin flaps 387 
classification 383 
techniques for 387 
vascularized flaps 388 
Posterior urethral 
injuries 153 
membrane 365f 
valve 182f, 183f 
ormembrane 364 
valves 254 See bladder neck incision 
classification of 364 
in boys 36 
management of 365 
work-up of 365 
Postmenopausal women 204 
Postmicturition dribble 414 
Postobstructive diuresis 128 
Post-prostatectomy incontinence 718 
causes of 719 
investigations of 417 
management of 416 
Postradiotherapy cystitis 861 
Postrenal causes 900 
Post-testicular causes of infertility 1090 
Post-transplant 
infections 938 
lymphoproliferative disease 923 
malignancy 939 
renal function 937 
Post-transurethral resection of prostate 
incontinence, investigation of 719 
Postvasectomy success rates 707 
Postvoid 
milking 602 
residual 423 
urine 587 
Potassium 
chloride solution 718 
protocol 222, 502 
test 222, 502 
titanyl phosphate 248 
laser 250 
Practical urology 625 
Prader-Willi syndrome 1087 
Prazosin 404 
Precautions with ciprofloxacin 176 
Preemptive radical cystectomy 1006 
Pregnancy with stone 124 
Pregnant women 204 
Preimplantation genetic diagnosis 1104 
Premalignant penile lesions 1061 
Premature ejaculation 1126, 1127 
causes of 1127 
classifications of 1127 
mechanism of 1127 
primary 1127 
treatment of 1127 
Premenopausal women 204 
Prenatal 
hormone therapy 1044 
from established acute kidney injury, 
differentiation of 906 
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Pressure-perfusion study 530 
Pretesticular causes of infertility 1086 
Primary 
detrusor instability, treatment of 416, 417 
hyperaldosteronism 610 
Primitive 
cystometry 449f 
operating theater 277f 
Pro-banthine 404 See propantheline 
Problems in interpreting CT scan 87 
Procalcitonin potential marker of sepsis 189 
Prognosis of UTO 517 
Prolactin-secreting adenoma 1087 
Prolapsed stoma 880f 
Propantheline 404 
Proper drainage system 280 
Prophylactic antibiotics 710 
Prophylaxis continuous 205 
Prostate 62, 241, 794 
and disease pattern, zonal anatomy of 711 
biopsy 1026 
adenocarcinoma 1026f 
baseline biopsy 1026 
saturation biopsy 1027 
technique 699 
templates 700 
cancer 78, 96, 111, 231f, 1019, 1022 
by stage, history of 1020 
cases 1027 
complications of 1037 
diet, etiology of 1021 
disease, history of 1020 
etiology of 1020 
genetics, etiology of 1020 
hematuria, complications of 1037 
history of 1019 
hormones, etiology of 1021 
in core needle biopsy 700f 
local symptoms, etiology of 1022 
locally advanced 1033 
management of 1028 
metastatic symptoms, etiology of 1022 
pathophysiology of 1022 
race, etiology of 1021 
retention of urine, complications of 1037 
screening of 1022 
spread 1032f 
staging of 1025f 
treatment of 16 
coil 96f 
gland 399 
anatomy of 1020 
transitional cell cancer 730 
hyperoxaluria, post-transurethral 
resection of 718 
needle biopsy 699 
core specimen 701f 
specific agent 
density 54 
in prostate cancer, uses of 54 
velocity 54 
specific antigen 53, 586 
discovery of 53 
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toward bladder 772f 
using isotonic saline, vaporization of 665 
vaporization of 656 
volume 54 See prostate specific agent 
density 
Prostatectomy, techniques of 713 
Prostate-specific 
antigen 1019 
membrane 771 
antigen 241 
Prostatic 
abscess 209 
diagnosis of 720 
acid phosphatase 54 
biopsy, complications of 80 
cancer 126 
invading prostatic 96f 
fistula 888 
etiology 888 
management 888 
tuberculosis 888 
infection 79 
intraepithelial neoplasia 1023, 1024 
massage 194f 
pain 35 
symptoms 589 
urethra 844 
Prostatitis 195f 
acute bacterial prostatitis 208 
pelvic pain syndrome 193 
treatment 208, 209 
urethritis 49 
Prostatodynia 209 
treatment 209 
Prostatorectal fistula 888 See also causes of 
rectourethral fistula 
Prosthetic devices 201 See ureteral stents 
implant of 203 
Proteinuria 55 
Proteus 881 
Proximal 
shaft hypospadias 382f 
urinary sphincter 402 See also internal 
sphincter 
Prune Belly syndrome 179, 332 
anomalies 332 
fills entire abdomen 333f 
management 332 
treatment 333 
Pseudoaneurysm 136 
Pseudomonas 881 
aeruginosa 180, 188, 195 
Psoas 
hitch 140, 499 
muscles 61 
Psuedomonas 179 
Psychogenic 
causes 127 
erectile dysfunction 1108 
Pubovaginal sling procedures 478 
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Pulmonary 
capillary wedge pressure 189¢ 
complications, classification of 332t 
edema 922 
embolus 645 
infection 938 
physical examination of 904 
Pulsed 
Doppler 82 
ultrasound 70 
Punch resectoscope 12f 
Pure laparoscopic technique 823 
Purified protein derivative 218 
Pyelonephritis 49, 118, 880 
treatment of 425 
Pyeloplasty 777 
open 778 


Pyelostomy catheters 631 Seealso nephrostomy 


Pyocystitis 207 

Pyonephrosis 184, 206 

Pyrexia in urological disease 35 
causes of 35 

Pyridium 884 See phenazopyridine 

Pyuria 172 


Q 


Q-tip test 473 
incontinence physical examination 414 
Quadriaplagia depending on severity of 
injury 440f 
Quality of high-frequency current 288 
QUANTICYT system 55 
Quantification of bacteriuria 180 
Quinton-Scribner shunts 695 


R 


Radiation 
exposure hazard 57 
hazard to pregnant women 57 
induced fistula 490 
oncology, advances of 227 
therapy for 
bladder cancer 1010 
penile cancer 1066 
therapy in prostate cancer 1032 
Radical cystectomy 
in female 792f 
in male 790f 
in women 761, 761f 
indications for 756 
prognosis of 767 
Radical cystoprostatectomy 756, 758 
inmen 1006 
specimen 760f 
Radical nephrectomy 741, 745f 
Radical nephrectomy 970 See also nephron 
sparing surgery 
technique of 743 
Radical 
nephroureterectomy, specimen of 823f 


orchiectomy 748 
orchiectomy, indications for 748 
perineal prostatectomy 1029 
prostatectomy 1029f 
complications of 1030 
in progress 772f 
techniques of 833 
retropubic prostatectomy 770, 800 
indications of 770 


transurethral resection of bladder tumor 732 


Radiofrequency 

ablation 260 

probe 261f 
Radionuclide 

cystography 105, 182 

renal scanning 534 
Radiosurgery in renal cell carcinoma, role 

of 227, 229 
Radiotherapy in reducing morbidity, 

role of modern 233 
Raised serum creatinine, causes of 52 
Rapamycin 935 
Rapid screening for bacteriuria 51 
Rare epithelial 976 
Rare instances tumors 77 
Reanastomosis of urethra 847 
Reconstruction of 

penile urethra 851 

ureters, principles of 498 
Reconstructive urology 841 
Rectourethral fistula, causes of 888 
Recurrent renal colic, surgery for 559 
Red 

blood cell casts 905 

rubber urethral catheters 628f 
Reducing paraphimosis 374f 
Reduction of 

foreskin 676 

paraphimosis, techniques of 637 
Reflux nephropathy, history of 172f 
Refractory detrusor instability 861 
Regional lymphadenectomy, role of 743 
Reiter’s syndrome 208, 213 
Relation to ureteric orifices 884 
Relieve urinary retention 633 
Relieving obstruction, complications of 128 


Rembrandt’s etching of circumcision of christ 3f 


Renagel 917 See sevelamer hydrochloride 
Renal 218, 529, 890, 903 
abscess 185 
diagnosis 185, 206 
treatment 185, 206 
agenesis 306 
etiology 306 
incidence 306 
prognosis 306 
amyloidosis 426 
arteriography 89 
biopsy 907 
cancer 
prognosis of 972 
prognostic factors of 972 


catheters 631 
cell carcinoma 74, 88, 95f, 110, 227, 741, 
743f, 956, 957-959, 963f, 966 


cell carcinoma 75 See also adenocarcinoma 


adjuvant therapy for 966 
classification 959 
complications of 971 
endocrine treatment of 969 
incidence of 957 
prevention of 971 
prognosis of 971, 971¢ 
spontaneous regressions of 966 
treatment of 970 
tumor thrombus 88f 
colic 60 
cyst 74,95 
classification of 74 
deterioration 880 
disease 65 
examination 42 
exploration, indications for 134 
function test 51 
glomerular diseases 903 
hamartoma 952 See benign tumors 
angiomyolipoma 
injuries 130 
classification of 131, 131f 
complications of 135 
exploration for 133 
mechanism of 130 
nonoperative management of 133 
treatment of 132 
isotope scan 742 
lymphoma of different appearances in 
kidney 76 
mass 73,95 
differential diagnosis of 74t 
obstruction, evaluation of 73 
oncocytoma 88, 88f 
pelvis 304, 305 
filling defects in 76 
histology 304 
physiology 895 
postrenal 903 
reabsorption, decreased 546 
replacement therapy 190, 903, 909 
peritoneal dialysis 909 
scintigraphy 105 
stone 567, 786 
disease, causes of 544 
tissue replaced by cancer tissue 745f 
toxicity 1055 
tract, function of 102f 
transplant 104 
complications of 935 
indications of 929 
medical complications of 944 
scintigraphy 107 
transplant surgical complications 937 
acute hemorrhage 937 
arterial occlusion 937 
artery stenosis 937 
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graft rupture 938 
lymphocele 938 
thrombophlebitis 938 
vascular complications 937 
transplantation 939 
complications 945 
surgery 928 
contraindications of 929 
techniques of 933 
trauma 130 
tubular diseases 903 
tumors 951, 954 
primary, types of 959 
secondary, types of 960 
types of 959, 960 
ultrasonography 549, 907 
ultrasound 72, 555, 777 
vascular disease 73 
Renin 56 
Renovascular hypertension 106 
Repair of vesicovaginal fistula, technique of 886f 
Repeat prostate biopsy 1026 
Reproductive urology 1071 
Resection of 
bladder tumor 730 
superficial tumors, contraindications to 731 
Resectoscope 12, 655f, 1001f 
with green laser 849f 
Reservoir, choice of 874 
Residual 
bladder volume 105 
chordee, early complications 394 
chordee, late complications 394 
Respiratory complications 904 
Retention of urine 719 
after transurethral resection of prostate, 
causes of 719 
Retracted stoma 880f 
Retractile testis 356 
Retrocaval ureter 121f 
Retrograde 
cystogram 143 
ejaculation 1128 
pyelograms 117, 514, 535, 556, 778 
pyelography 530 
ureteropyelogram 117f 
urethrogram 143, 163, 514 
ascending or 844f 
Retroperitoneal fibrosis 120, 519 
biopsy 523 
causes of 520 
management algorithm of 523 
mortality 520 
morbidity 520 
nuclear medicine 522 
pathophysiology 519 
treatment 523 
Retroperitoneal laparoscopic 
ureterolithotomy 738 
Retroperitoneal lymph node dissection 748, 
782, 783 
complications 783 
primary 783 


Retroperitoneoscopic 
donor nephrectomy 924 
laparoscopic nephrectomy 815 
Retrusive meatus 
early complications 394 
late complications 394 
Reuter’s trocar 656 See suprapubic aspiration 
instruments 
Rhabdomyosarcoma 348 
clinical groups of 349 
management 349 
pathologic classification 348 
Rheumatoid arthritis 520 
Riedel’s thyroiditis 520 
Right 
adrenal gland with lipid-rich adenoma 95f 
hydronephrosis 121f 
pheochromocytomas, laparoscopic 
approach for 612f 
radical orchiectomy 749f 
retroperitoneoscopic donor nephrectomy 925 
urinary tract 509f 
Rigid cystoscope 653, 654f, 686f 
with cold biopsy forceps 1000f 
principle of 654 
Rigid nephroscope 658f 
Ring clamp for VAS 706f 
Robot-assisted laparoscopic 
cystectomy 762 
pyeloplasty 779 
Robotic 
arm 834 
similar to human wrist 14f 
assisted laparoscopic 
prostatectomy 1029 
pyeloplasty 320 
assisted laparoscopic pyeloplasty 829 
console 834f 
extraperitoneal approach for radical 
prostatectomy 835 
hand instruments 829f 
in urology, history of 13 
pyeloplasty in progress 321f, 780f, 829f 
radical prostatectomy 832, 834 
radiosurgery system 1031 
telescope 834 
transperitoneal approach 834 
versus laparoscopy 
advantages 836 
disadvantages of 836 
wrist 833f 
Robson staging system 961 
of RCC 962f 
Role of 
antibiotics 668 
antiseptics 668 
Routine coliforms, culture for 50f 
Renal cell carcinoma, work-up of 957 
Rubber band technique 706f 
Rupture of 
bladder 147f 
reservoir 881 
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S 


Sacral 
cord injury 422 
neuromodulation, principles of 433f 
neuromodulator in place 433f 
neuropathic bladder 444 
Safest technique for sterilization 661 
Salmonella spp 169 
Sandimmune 934 See cyclosporin 
Satellite pharmacy, operating theater 282 
Scalpel 369 See shield and knife 
Scar tissue and wide mobilization, excision of 488 
Schistosoma haematobium 976 
Scribner shunts 696f 
Scrotal 162 
abscess formation 210 
exploration, indications for 164 
injury 163 
complications of 164 
general management of 163 
management of 163 
scintigraphy 111 
ultrasonography 81, 1092 
violation 750 
Scrub area 280 
Second biopsy, indications for 700 
Second-line 
systemic chemotherapy 1036 
therapy 1115 
Section through testis 1074f 
Seeded technology 273 
Segment of gastrointestinal tract 862 
Self-calibration of urethra 847 
Self-catheterization 
teaching program 666 
technique 408 
for female 408 
for male 409 
Semen 
analysis 1091 
quality 1091 
Semiconductor diode laser 248, 251 
Seminal vesicle 773, 1074 
cyst 80 
Seminoma of testis 1042f 
Semi-rigid 
ureterorenoscopes 657 
ureteroscopes 658f, 691 
Sense of residual urine 37 
Sensitivity testing for routine coliforms 50f 
Sensory 
innervation of bladder 402 
urge incontinence 416 
Sepsis 
complications 578 
induced hypotension 188 
pathophysiology of 188 
severe 188 
simple 188 
Septic 
patient, management of 190 
shock 188 
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Septicemia 717 
Serratia spp 188 
Serum creatinine 52, 898, 906 
and electrolyte 586 
Sevelamer hydrochloride 917 
Severe 
injury to left buttock 163f 
intrinsic sphincter deficiency 471 
urinary tract infection 180 
treatment of 184 
Sex assignment 378 
Sex-related trauma 151 
Sextant biopsy 1027f 
Sexual 
differentiation 
disorders of 376 
mechanisms of 375 
dysfunction 426 
in men 41 
of organic origin 41 
suspected psychosomatic origin 41 
function score 1110 
intercourse 151 
problems, complaints related to 40 
Sexually transmitted disease 212 
caused by 
bacteria 212 
fungi 212 
parasites 212 
protozoan 212 
viruses 212 
prevention of 215 
Shah’s penile prosthesis 1116f, 1120, 1120f 
hinge 1121f 
Shape of clots 38 
Shield and knife 369 
Shock phase 444 
Shockwave 
electrohydraulic 560 
electromagnetic 561 
generator 560 
lithotripsy 562 
lithotripters, evolution of 561 
piezoelectric 561 
Short bowel syndrome 547 
Shy-Drager syndrome 421 
Sickle cell disease 39, 1090 
Silastic 696 
Silent hematuria 39 See also painless hematuria 
Silicon Foley’s catheter 634f 
Silicon-coated Foley’s catheter 635f 
Silicone 
Foley’s catheters 629 
straight Foley’s catheter 629f 
Simple 
cystometry 455 
renal cyst 87 
urinary tract infection 180 
treatment of 184 
urodynamics 450 
Single 
incision slings 480 


layer extramucosal interrupted sutures 872f 
port consideration 797 
stem cell 274f 
Sipple’s syndrome 620 
Sirolimus 921, 928 
Site of post-transurethral resection of prostate 
stricture 719 
Skin 
cancers 939 
flaps 
adjacent 387 
complications loss of 393 
island 
onlay flaps 855 
tubularized flap 856 
lesions of external genitalia 39 
marking before circumcision 674f 
physical examination 904 
Skull 
based tracking 236 
tracking 237f 
Sleeve resection 
method 369f 
of prepuce 369 
Slight but persistent hematuria 645 
Small 
bladder neoplasm prior to endoscopic 
resection of tumor 727f 
bowel 62 
incision between stay sutures 682f 
metal markers 237 
portable ultrasound equipment 71 
renal cell cancer 951f 
testicular tumor detected 1043f 
vessel disease 899 
Smart klamp 370, 370f 
Smoking and urological disease 41 
Snodgrass tubularized incised plate 
urethroplasty technique 386 
Sodium 
bicarbonate 916 
pentosan polysulfate 222, 502 
polystyrene sulfonate 916 
Soft tissue 
injury of penis 160 
complication of 160 
sarcoma 1060 
Solid 
mass 74 
lesion in kidney with renal cell 
carcinoma 74f 
organs on plain kub 61 
renal mass 75 
Solitary 
kidney, anatomically 817 
renal cyst 310 
Solutions for urological endoscopic surgery 664 
Sonographic characteristics of renal 
lymphoma 74 
Sorafenib 967 
Spastic bladder 421, 434 
characteristics of 435 


Spastic neuropathic bladder, management of 437 
Specific urological infection, management of 206 
Sperm 
density 1091 
function tests 1093 
morphology 1091 
motility 1091 
penetration assay 1093 
retrieval techniques 1096 
Spermatocele 82 
Spermatogenesis 1082f 
microscopic details of 1074f 
Sphincter 
artificial 874 
factors 412 
weakness incontinence 37, 412, 472 
Sphincteric activity 844 
Spina bifida 179 
clinical types of 419 
Spinal cord 406 
injuries 269, 440, 1085 
injury 442 
aims of treatment 444 
anterior cord syndrome 441 
central cord syndrome 441 
complications 446 
emergency department care 444 
history 440 
pathophysiology 440 
lesion 422 
Spinal injury 
causes of 442 
treatment planin 447 
Spleen 61 
Split-thickness skin graft 853 
Spongy urethra 844 
Spontaneous bladder perforation 867 
Squamous cell carcinoma 989, 1014 
Stabbing typifies 145 See also gunshot injury 
Stable detrusor function 465 
Staging bladder tumor 725 
Staging of bladder cancer 
with bimanual palpation of bladder 1002 
principle of 997f 
Standing pelvic examination 473 
Staphylococcus aureus 156, 169, 185, 188, 206 
Static renal scans 104 
Static-fluid MR urography 97 
Stem cell 
application of 274 
in urethral reconstruction, role of 859 
research 266 
applications of 269 
Stereotactic system 238 
novalis 238 
Sterilization of cystoscope 684 
Stern-mccarthy prostatic electrotome or 
resectoscope 12f 
Steroid hormones 56 
Stoma 
complications 880 
of ileal conduit 763/, 1008f 
of indiana pouch 764f, 876f 
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Stomach 62 
Stone 866 
composition 563 
disease 
complications of 551 
indications for early intervention in 549 
management, history of 15 
medical treatment for 552 
treatment for 124 
formation 426 
bladder stones 426 
renal stones 426 
ureteral stones 426 
fragmentation, mechanism of 562 
from ureter by open ureterolithotomy 738f 
in distal ureter 550f 
in ureter with dilatation of proximal 
ureter 117f 
left vesicoureteric junction 116f 
localization in extracorporeal shockwave 
lithotripsy 550 
location 563 
lower pole calculi 563 
ureteral calculi 564 
migration facilitator 558 
oxalate, types of 545 
prevention strategies 564 
prophylaxis program 551 
size 563 
types of 545 
work-up 55 
Storz system 561 
Stream, decreased force of 584 
Stress 
incontinence 413 
in female, mechanism of 471 
in male, mechanism of 472 
management of 416 
urinary incontinence 37, 471 
classification 472 
anatomic incontinence 472 
sphincter weakness incontinence 472 
conservative therapy 476, 477 
electrical stimulation 476 
kegel pelvic floor exercise 476 
tricyclic antidepressants 477 
cystogram 475 
cystoscopy 475 
definition 471 
history 471 
postoperative care 483 
risks and complications 483 
treatment options 476 
work-up of 472 
Stretched length of penis 40 
Stricture 
disease 689 
of bulbo-penile spongy urethra 846 
of membranous urethra, treatment 
options for 857 
Struvite 546 See infection stones 
Studer’s bladder 865 


Substitution 
cystoplasty 437, 861, 864 
of urethra 847 
Sulfamethoxazole 175, 205 
Sunitinib 967 
Superficial bladder cancer 229 
management of 229t 
resection of 731 
treatment of 1002 
options for 1002 
Superficial 
lacerations 133f 
lesions, endoscopic treatment of 730 
Suprapubic 
aspiration instruments 656 
catheter 128f, 153, 630, 637 
correct placement of 681f 
kits 630f 
cystostomy stay suture in place 682f 
emergency catheters 630, 630f 
placement of needle 681f 
urinary bladder 
anesthesia 679 
catheterization 679 
complications 680 
equipment 679 
technique 680 
urinary diversion 516 
Suprasacral 
lesion, functional changes in 434 
neuropathic bladder 443 
Surgeon console 834 
Surgery 
abscess drainage, role of 219 
augmentation cystoplasty, role of 219 
epididymectomy, role of 219 
nephrectomy, role of 219 
partial nephrectomy, role of 219 
ureteric 
reimplantation, role of 219 
stenting, role of 219 
urinary diversion, role of 219 
Surgical intervention 
complications of 532 
in penile fracture, principles of 157 
in ureterocele, indications for 531 
Surveillance after radical surgery 970 
Sutent 967 See sunitinib 
Swab test 884 
Swallowed foreign bodies, detection of 61 
Synchrony 237 
Syphilis 213 
primary 213 
Systemic 
inflammatory response syndrome 187 
lupus erythematosus 899 
proteases, activation of 902 


T 


T staging of prostate cancer 1025 
T vaginalis 213 
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Tacrolimus 921, 928, 934 
Taenia cruris 212 
Tamoxifen 524 
Tamsulosin 122 
hydrochloride 404 
Tanagho’s procedure 417 
Tara klamp 370, 370f 
circumcision with 370f 
Technetium-99m mercaptoacetyltriglycine 
study 530 
Telemedicine 271f 
history of 270 
interactive telemedicine services, 
types of 271 
monitoring, types of 270 
store, types of 270 
types of 270 
Telescope for rigid system 654 
Telescopic filiform bougie 704f 
Temsirolimus 967 
Tension-free 
spatulated anastomosis, principles of 498f 
vaginal tape 478, 479f 
placed appropriately 479f 
placement 479f 
secur 481f 
secur, placement of 481f 
placement of 478f 
Terazosin 404 
Testes, absence of 356 
Testicles 1085 
Testicular 81 
biopsy 1094 
cancer 42, 353, 784, 1041, 1054 
complications infertility 1055 
etiology of 748 
genetic factors 1041 
pathology of 748 
prognosis 1055 
cause of 
infertility, primary 1088 
male infertility 1089 
injury 162 
complications of 164 
malignancies 110 
mass, evaluation of 81 
pain 35 
torsion 81 
mechanism of 350f 
prognosis 352 
androgen levels 353 
fertility 352 
subfertility 352 
surgical treatment 352 
treatment of 352 
trauma 82, 164 
tumor congenital cause 1044 
cryptorchidism 1044 
tumor removed 1048f 
Testis 42, 97, 794, 1073 
completed, repair of 1048f 
in progress, repair of 1048f 
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macroscopic anatomy 1073 
pathology 218 
sparing approach 1047 
sparing surgery in progress 1048f 
Therapeutic ureteroscopy 691 
Third-line therapy 1116 
Thoracoabdominal approach 611 
Three-dimensional 
conformal radiation therapy 1031 
laparoscopic systems 797 
ultrasound imaging 71 
Three-finger technique and perivasal block 706f 
Three-piece inflatable devices 1121 
Thrombocytopenia difficulty 920 
Thrombotic thrombocytopenic purpura 905 
Thulium laser 249, 251 
Thyroid-stimulating hormone 1101 
Thyrotropin-releasing hormone 1081 
Tiemann 
catheters 629, 629f 
Foley’s catheters 629f 
Time of hematuria 39 
Tip of flexible cystoscope 685f 
Tips for post-transurethral resection bleeding 644 
Tissue 
by voltage variation 285f 
characteristics 288 
coagulation, mechanism of 292 
cutting of 287 
effect 284 
blending 285 
coagulation 284 
cutting 284 
fulguration 285 
engineered vascular graft 273f 
engineering 
by using stem cell, principles of 275f 
in urology 273 
principles of 273 
role of 859 
for augmentation cystoplasty, 
comparison of 863¢ 
fusion system 294 
hypoxia 190 
in roof of prostatic urethra 713 
welding 254 
Titan inflatable penile prosthesis 1122f 
TNM staging of 
bladder cancer 993 
prostate cancer 1024f 
Tobacco smoking 979 
Tofranil 404 See imipramine 
Tolterodine 430 
Tolterodine tartrate 404 
Topical vaginal estrogen in postmenopausal 
women 205 
Torisel 967 See temsirolimus 
Torsion of testis 43, 351f 
Traditional open urological operations 203 
Transillumination test of scrotum 359f 
Transitional cell carcinoma 75, 88, 96, 110, 
821, 951, 956, 974, 975, 991 


bladder, comparison of different staging 
system for 992t 
of renal pelvis 980f, 981f 
of ureter 980f 
Transobturator tape 479, 480f 
completion of placement of 480f 
Transperineal approach for prostatic biopsy 80 
Transperitoneal 
donor laparoscopic nephrectomy 941 
laparoscopic ureterolithotomy 738 
technique 489 
Transport of urine 
antireflux mechanism 305 
mechanism of 305 
Transrectal 
prostatic biopsy, technique of 80 
repair 888 
ultrasonography 699f, 1090, 1092 
ultrasound 
for infertility 80 
guided biopsy, principle of 698f 
guided prostate biopsy 698 
of prostate, indication of 79 
procedure 698 
Transureteroureterostomy 139, 139f 
Transurethral 
Collin’s knife mobilization of distal ureter 822f 
enucleation with bipolar 592 
incision of prostate 591 
laser-induced prostatectomy 249 
microwave therapy for benign prostatic 
hyperplasia 593 
needle ablation 
of prostate 593 
on prostate, effect of 594f 
probe with needle 594f 
procedure 482 
resection 202, 977 
resection in carcinoma of prostate 720 
resection of bladder tumor 297, 650, 729f, 
977f, 997, 998f 
resection of bladder tumor 757 See biopsy 
for bladder cancer 
principle of 977f 
resection of 
ejaculatory ducts 1096 
prostate 126, 201, 209, 590, 591f, 711, 
716, 709, 1126 
complications of 716, 718 
history of 12 
in chronic bacterial prostatitis 720 
in hypertrophy of bladder neck 720 
in prostatic abscess 720 
late complications of 718 
technique of 711 
treatment of 720 
ureteral orifice 822 
resection syndrome 664, 717, 718 
investigations for 717, 718 
mechanism of 717 
pathology of 717 
treatment of 718 


Transvaginal procedure 477 
Transverse preputial island flap 
correction of chordee 388 
creation of neourethra 388 
glanuloplasty 388 
stenting of urethra 389 
suprapubic urine diversion 389 
technique for 388 
urethroplasty 388 
Transvesical 
extraperitoneal technique 489 
laparoscopic detachment and ligation 824 
Trauma examination, abdominal sonography 
in 143 
Treatment of 
meatal strictures, options for 849 
upper urinary tract of transitional cell 
carcinoma 575 
urinary tract infection, antimicrobial 
strategy for 205 
Treatment-related toxicity 1055 
Treponema pallidum 212 
Trichomonas 
vaginalis treatment 208 
vaginitis 208 
Trilostane 618 
Trimethoprim 175, 205 
Trimethoprim-sulfamethoxazole 515 
DS 214 
Trocar placement 796 
True hermaphroditism 376 
Tubal disease 
testing 1101 
treatment of 1102 
Tubal pregnancy 557 See ectopic 
Tubeless percutaneous nephrolithotomy 575 
Tuberculosis 861, 938, 945 
test for 51 
Tubular lesion 899 
Tumor 
cells of embryonal rhabdomyosarcoma 349f 
clinical staging of 999 
in cysts 76 
in renal pelvis, local extension of 980 
incidence in bladder, frequency of 991 
locally advanced 971 
markers 1046 
serum alpha-fetoprotein 1046 
nodes metastasis 725 
status 993 
Tunica plication procedure 1078 
Tunneled dialysis catheters 696 
Turis plasma vaporization of prostate 656 
Turp with isotonic saline 722 
Twenty-four hours urine collection 55 
Two-stage hypospadias repair 389 
Two-staged reconstruction of penile urethra 850 
Type of bladder spinal injury 443 
Typical 
rod lens endoscope 654f 
semirigid penile prosthesis 1120f 
Tyrosine for host cell genes 240f 
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U 


Ultraclean laminar air flow 281 
Ultra-hypofractionation trials 233 
Ultrasonic lithotripsy 566, 785 
Ultrasonographic of orthotopic bladder 766f 
Ultrasonography in benign prostatic 
hyperplasia, indications of 80 
Ultrasound 
and urology, principles of 68 
cystodynamogram 454 
indications of 454 
technique of 454 
energy generator 292f 
in urinary tract injury, role of 73 
lithotripter, advantage of 785 
of urinary bladder, use of 76 
study of prostate, techniques of 79 
Underactive detrusor function 465 
Undescended 
testicle 81 
testis 355 See also empty scrotum 
testis 838f 
detection of 357 
treatment 357 
Unexplained infertility 1102 
treatment of 1103 
Unilateral small kidney 63 
Unipolar diathermy 285 
Unique urine collection device designed for 
women 180f 
Unitary inflatable penile prosthesis 1121 
Unresolved infection 180 
Unstable detrusor 465 
Upper pole 
heminephrectomy 531, 532 
of left kidney 951f 
Upper tract 
TCC of right renal tract 981f 
transitional cell 
carcinoma, distribution of 980 
tumors 979 
trauma 130 
Upper urinary tract 
clinical embryology of 306 
developmental anomalies of 306 
fistulas 890 
hematuria 39 
obstruction, management of 516 
tumors, types of 980 
urodynamics 463 
Uprima 1114 See apomorphine 
Urachal cyst 330, 330f 
Urachus, diseases of 330 
Ureaplasma urealyticum 213 
Uremia, pathophysiology of 494 
Ureter 795, 304, 305 
and renal pelvis macroscopic anatomy 304 
pelvic ureter 304 
proximal ureter 304 
and renal pelvis muscle layer 305 


before extravesical eimplantation of ureter 340f 


course of 304f 
location of 734f 
management of 516 
pathology 218 


Ureteral 


calculus 528 

injury 130, 137 
classification of 138 
clinical diagnosis 137 

orifice 821 

pain 34 

reimplantation 532 

stent 516 

stenting 
with ureterotomy 497 
without ureterotomy 497 

stents 201 

stones 567 

stricture 253 See also ureteropelvic 

junction obstruction 

pathophysiology of 494 
treatment of 572 

unroofing 822 


Ureteric catheters 630, 632 


types of 632f 


Ureteric injury 


classification of 138, 494 
complications surgery for 497 
history of procedure 493 
in pelvic surgery 493 
investigations for 496 
management of 138, 497 
management options for 498 
of diagnosis 495 
intraoperative diagnosis 495 
intravenous urogram 495 
postoperative diagnosis 495 
pathophysiology 494 
risk of 495 
sites ofinjury 493 
symptoms and signs of 495 
types of injury 493 


Ureteric 


repair, principles of 497 
stents 692f 

stones 787 

trauma, etiology of 137 
whistle tip catheters 631 


Ureterocalycostomy 139 
Ureterocele 528 


and ureteral reimplantation 531 
classification 528 

endoscopic incision of 532 
etiology 528 

excision of 532 

incidence of 528 

prognosis 532 

representation of 528f 
treatment of 531 


Ureterocystostomy 140 
Ureterolithotomy 734 


complications of 739 
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etiology 734 
relevant anatomy 735 
treatment 735 
medical therapy 735, 736 
Ureteroneocystostomy with boari flap 140 
Ureteropelvic junction 
antenatal ultrasound 318 
diuretic renography 319 
etiology 317 
genetics 317 
management 319 
medical therapy 319 
obstruction 120, 253, 317, 318, 319, 777, 827 
postnatal 
ultrasound 318 
management 319 
surgical therapy 319 
voiding cystourethrogram 319 
Ureteropelvic obstruction 780 
Ureteropyelography in patient of congenital 
megaureter 66f 
Ureteropyelostomy 531 
Ureterorenoscope 657, 658f 
Ureteroscope 691f 
history of 689 
Ureteroscopic 
lithotripsy 562 
renal pelvis TCC 983f 
urothelial tumor of ureter 983f 
Ureteroscopy, complications of 692 
Ureterosigmoidostomy 875 
Ureteroureterostomy 139, 139f, 497 
Ureterovaginal fistula 887 
diagnosis 887 
etiology 887 
management of 887, 888 
Ureterovesical junction 509 
Urethelial cancer, prognosis of 978 
Urethra 274 
damage to 154f 
different parts of 849 
injury to 154f 
management of 516 
with genital tract 399f 
Urethral 
calibration 712 
caruncle 504, 505f 
complications 505 
pathophysiology 504 
treatment 504 
catheter 47,516 
catheterization 
anatomy 634 
in lady 641f 
in male patient 635 
materials for 634 
technique 638 
catheters 627 
dilatation 703, 848 
balloon catheter 704f 
technique 703 
dilation 858 
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and internal urethrotomy 858 
dilator 703f 
discharge 39 
dysfunction 415, 415t See also causes of 
neuropathic bladder 
incontinence 37 
injury 150 
classification of 152, 152t 
complications of 154 
etiology 151 
length 852 
obstruction, symptoms of 709 
pressure 
measurement 461 
profilometry, techniques of 461 
sphincter mechanism 402 
stricture 637, 719, 846, 850f, 854, 856f 
controversies 859 
disease 253, 843 
definition 843 
history 843 
etiology of 845 
management of 843, 847, 849 
future of 860 
pathogenesis of 846 
surgical options for 847 
work-up of 846 
stump for urethrovesical anastomosis 773f 
trauma in paraplegics 152 
warts 215 
Urethrectomy 760 
indications for 756 
Urethritis 207 
in women 208 
Urethrocutaneous fistulas 
early complications 393 
late complications 393 
Urethrocystoscopy 711, 996 
Urethroplasty 153, 851 
Urethrovaginal fistula 886 
diagnosis 887 
etiology 886 
management 887 
Urge incontinence 37 
management of 416 
Urgency and urge incontinence, causes of 36 
Uric acid 55, 547 
stone 545 
stone hyperuricosuria 
with hyperuricemia 545 
without hyperuricemia 545 
Urinalysis 47, 116, 172, 415, 474, 511, 547, 554 
576, 586 
Urinary bladder 861 
development of 326f 
injuries 145, 148 
stones 567 
Urinary 
concentrations of interleukin-6 in utis 181 
cortisol level 616 
diversion 793, 868, 878, 1008 
classification of 869 


definition 868 
early complications of 879 
future of 881 
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|| Foreword ta 


Urology has made many advances and progress in the past few decades primarily as a result of significant progress in 
understanding the pathophysiology of urological diseases and introduction of truly minimally invasive surgery. 

Principles and Practice of Urology mainly addresses young trainees in urology and is written by experts in this field who 
are also experienced teachers. It is hoped that the book will be helpful to prevent the younger surgeons and trainees from 
the mistakes and common complications. 

There are many good books on urology in the world market, but Principles and Practice of Urology has been developed 
to address the urological issues that are commonly met in the developing part of the world and the management has been 
tailored to obtain the best success with the limited resources. | sincerely hope that the specialists, trainees and students of 
Asian, African and Latin American developing countries will find the book more useful than others. 

For the beginners, four big ‘Cs’is strongly recommended: Climb, Communicate, Confess, and Comply. These are the basic 
actions for any pilot in distress and they may just be as applicable for any medical professional facing a difficult situation 
that may help to overcome. 

Traditionally, as before, the book is emphasizing the principle of art of urologic surgery from the standpoint of open, 
laparoscopic, endourologic, microsurgical, prosthetic, tissue engineering, genetic engineering and robotic approaches. An 
internationally reputed set of contributions has graced us with their wisdom. 


Mahesh R Desai 

MS FRCS (Lond) FRCS (Edin) 

President, Endourological Society 

Past President, Societe Internationale d’urologie 
Medical Director 

Muljibhai Patel Urological Hospital 

Nadiad, Kheda, Gujarat, India 


Hi] Preface to the Second Edition P 


The second edition of Principles and Practice of Urology has been extensively revised, reviewed and improved, including the 
format and presentation. The book is aimed mainly at urologists, general surgeons, nephrologists, gynecologists, residents 
and postgraduate medical students of different disciplines, senior medical students and trainee medical professionals of 
relevant specialties. 

The first edition was reasonably limited and published in USA by Brown Walker, Florida, USA and in Bangladesh. It was 
so instantly well received that further reprints were required within the first year of its appearance. There was a pressing 
request for further emphasis on graphic and pictorial representations of the various surgical techniques. 

| hope that you will find the second edition of the book as an informative and a good reference to refresh your knowledge 
in the field of urology. Specialists of all fields will also find the book is a quick review of the current developments in this 
field and a reminder of important features of different conditions in their field of interest. 

The main objective of the book is to enable the reader to have a quick review of the subject and can update him with 
current relevant information. | believe that the readers will find the value and enjoyment when reading the textbook, either 
as a ‘cover-to-cover’ read or a particular section that applies to their area of interest. | hope very much that you will enjoy 
reading the book. 

l keep six honest serving men 
(They taught me all | knew); 
Their names are What and Why and When 
and How and Where and Who. 
—Rudyard Kipling (The Elephant’s Child, in the Just-So Stories, 1902) 

Clinical knowledge is based on the three components: meticulous observation, detailed recording, and an understanding 
and analyzing the clinical data relevant to the clinical situation to overcome the clinical problem. The first two come with 
apprenticeship and the last one with personal inquisitive reading. It is the last component that is the basis for the book. 

Perfect practice of urology will develop ‘Urological Artists’ in urological community and their output will result a state- 
of-the-art outcome. Some of these artistic urologists will emerge as philosopher urologists. This ‘Philosopher Urologists’ 
will be able to make change over the existing method of treatment or they may set a new horizon for the others. Some of 
the talented urologists of the past is introduced in the book. There are many ‘Urologist Philosophers’ among us now and 
we hope that there will be many in future. The objective of the book is to build more and more ‘Urological Artists’ if not 
‘Philosopher Urologists’ This is true for all branches of medical sciences. 

The text is didactic and should provide the basis for further reading from journals or more detailed review papers. The 
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| am indebted to the outstanding panel of national and international contributors for their efforts and outstanding work 
toward the production of the book. | am most grateful to all the contributors who covered their topics expertly and clearly. 
| am fortunate to have so many eminent colleagues contributing to the book. 

| remain grateful to all my friends and colleagues for their enthusiasm and active help for the preparation, processing the 
manuscripts and proofreading. Dr Mohsin Uddin, Dr Ibrahim Kaiser and my secretary Mr Roney worked very hard for the 
book and deserve special thanks. 

| remain very much grateful to the superb job done by all the outstanding staffs at M/s Jaypee Brothers Medical Publishers 
(P) Ltd, New Delhi, India, and their close cooperation, for the task of the difficult publication. 


MA Salam 


DS || Ta || 


Why another textbook on urology? There is always a universal demand of appropriate good book in any subject. Despite 
the existence of numerous monographs on urology, there remains a desperate need for a book emphasizing the scientific 
background and principles of patient care for the student trainees and reinforcing such concepts for the practicing 
urologists in the developing world. 

Urology today is a subject of growing importance and the need for a comprehensive text on the basic principle of 
general urology was deeply felt by the author, by the trainees and students. All medical writings are practically rewritings 
plus the recent advances, but they are presented in a different format suitable for the specific class of readers or users. 
Despite many good books available, an appropriate book is needed in between the users and the advanced texts. 

Principles and Practice of Urology is neither intended to replace the existing textbook nor it can provide the minute 
details contained in scientific journals. Instead, the author expects that the book will serve as a rapid review of clinically 
important informations for the postgraduate students, residents, trainees, practicing surgeons and urologists. It is also 
expected to provide much of the updated information in an identifiable and understandable format. 

The purpose of composing this text is to guide and assist the students, residents, trainee doctors of urology and this 
book may be used as a text or reference book by the senior students in medical colleges. A space is kept on the left side of 
the page for the reader to record his personal note. This book is expected to be helpful for the consultant general surgeons 
who are working in a hospital where there are no urologists. 
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PRELUDE 


Ravindra Bhalchandra Sabnis 


The urinary tract stone disease has been a part of the human 
condition for millennia; in fact, bladder and kidney stones 
(Fig. 85.1) have even been found in Egyptian mummies. 
Urologists of ancient time have recorded medical texts and 
figures depict the treatment of urinary tract stone disease. 

Urinary stones or calculi are concretions formed 
within the renal tract by the crystallization of one or more 
substances normally found within the urine. Ureteral 
calculi almost always originate in the kidneys, although 
they may continue to grow once they lodge in the ureter.'“ 


THE INCIDENCE OF URINARY TRACT 
STONE DISEASE 


The stone disease is rare in only a few areas, such as 
Greenland and the coastal areas of Japan. Bladder calculi 
are more common than upper urinary tract calculi in the 
developing countries, but the opposite is true in developed 
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Fig. 85.1: Kidney stone 


Urinary Tract Stone Disease 


countries. The stone disease is a common disease in 
Middle-East and in Indian subcontinent and these 
differences of prevalence are believed to be environment 
and diet related. 


PATHOPHYSIOLOGY OF UROLITHIASIS 


The urinary tract stone disease is likely caused by two basic 
phenomena. First phenomenon is supersaturating of the 
urine by stone forming constituents, including calcium, 
oxalate and uric acid. The crystals or foreign bodies can act 
as nidus, upon which ions from the supersaturated urine 
form microscopic crystalline structures. Majority of renal 
calculi (Fig. 85.2) contain calcium. Uric acid calculi and 
crystals of uric acid, with or without other contaminating 
ions, comprise the bulk of the remaining minority. Less 
frequent stone types include cystine, ammonium acid 
urate, xanthine, dihydroxyadenine and various rare stones 
related to precipitation of medications in the urinary tract. 
Calcium-based stones (especially calcium oxalate stones) 
likely have a more complex etiology. 

Second phenomenon is most likely responsible for 
calcium oxalate stones, is deposition of stone material 
on a renal papillary calcium phosphate nidus, typically 
a Randall’s plaque. The calcium phosphate precipitates 
in the basement membrane of the thin loops of Henle, 
erodes into the interstitium and then accumulates in the 
subepithelial space of the renal papilla. This subepithelial 
deposits, which have long been known as Randall’s plaques, 
eventually erode through the papillary urothelium. The 
stone matrix, calcium phosphate and calcium oxalate 
gradually deposit on the substrate to create a urinary 
calculus. It was seen that the Randall’s plaques are always 
composed of calcium phosphate.*® 


CAUSES OF UROLITHIASIS 


Currently, most of the research on the etiology and 
prevention of urinary tract stone disease has been directed 
towards the role of elevated urinary levels of calcium, 
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Fig. 85.2: Kidney stone in the renal calyx 


oxalate and uric acid in stone formation, as well as reduced 
urinary citrate levels. 

The hypercalciuria is the most common metabolic 
abnormality and some cases of hypercalciuria are related 
to increased intestinal absorption of calcium (associated 
with excess dietary calcium and/or overactive calcium 
absorption mechanisms), some are related to excess 
resorption of calcium from bone (i.e. hyperparathyroidism) 
and some are related to an inability of the renal tubules to 
properly reclaim calcium in the glomerular filtrate (renal 
leak hypercalciuria). 

The magnesium and especially citrate are important 
inhibitors of stone formation in the urinary tract. Low 
levels of magnesium in the urine predispose to stone 
formation. Low fluid intake, with a subsequent low volume 
of urine production, produces high concentrations of 
stone forming solutes in the urine and is an important 
environmental factor in kidney stone formation. 

Nature of the tubular damage or dysfunction that leads 
to stone formation has not been characterized. The most 
commoncausesofstonediseasemayincludehypercalciuria, 
hyperoxaluria, hyperuricosuria, hypocitraturia and low 
urinary volume. The other factors, such as high urinary 
sodium and low urinary magnesium concentrations, may 
also play a role. Twenty-four hours urine profile, including 
appropriate serum tests of renal function, uric acid and 


calcium, is needed to exclude the risk factors. Evidence 
of hypercalcemia should prompt follow-up with an intact 
parathyroid hormone (PTH) study to evaluate for primary 
and secondary hyperparathyroidism."° 

The basic mechanism of stone formation is unclear 
in most cases. However, a number of factors have been 
identified (Box 85.1). 


Metabolic Abnormalities 


Many people with stone have found to increase 
solute burden in their urine particularly when they 
become dehydrated. Crystallization is encouraged by 
a mucoprotein complex, probably secreted by renal 
tubular cells. Excess solutes are commonly found in the 
form of calcium oxalate, cysteine and urate, etc. Citrate, 
pyrophosphate and magnesium are known as inhibitor of 
crystallization which may be different in stone formers. 


Box 85.1: Causes of renal stone disease 
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Anatomical Abnormalities 


Microscopic anatomic abnormalities may be responsible for 
stone formation, intrarenal microconcretion may be found 
in some cases (Carr’s concretion). Subepithelial papillary 
calcification may give rise to papillary calcification, which 
later slough and form stone. All these changes are probably 
due to structural abnormality in nephron. 


Infection 


Staghorn calculi made of struvite (calcium, magnesium 
and ammonium phosphate) are formed by the urea 
splitting organism. 


Idiopathic Stone Formation 


No abnormalities are found in this group of people, most 
of them form calcium oxalate calculi and many of them 
excrete alkaline urine. 


TYPES OF STONES 


Oxalate Stone 


Oxalate, a major component of most stones, is either 
produced endogenously by the enzymatic cleavage of 
glyoxylate to oxalic acid and glycine or by intestinal 
absorption. Hyperoxaluria is therefore the result of either 
increased endogenous production or increased absorption. 
Some evidence suggests that it may have a ten times greater 
effect on the stone forming process than calcium. 


Increased Endogenous Production 


It occurs in a rare congenital defect known as primary 
hyperoxaluria. No drug is currently known to alter this 
enzymatic defect. These patients develop extensive 
nephrocalcinosis and renal failure by the age of 30. 


Increased Intestinal Absorption 


Increased intestinal absorption of oxalate is associated 
with inflammatory bowel disease and small bowel 
bypass surgery for morbid obesity. The excessive oxalate 
absorption in these patients frequently leads to stone 
formation. Management consists of limiting oxalate in the 
diet and increasing urine volume. Some foods with high 
oxalate content include cola, tea, coco, beer, coffee, green 
vegetables and citrus fruits. 


Uric Acid Stone 


Uric acid is a product of purine metabolism and is excreted 
in the urine. Stones form in the setting of low urine volume, 
low pH (an acid urine) and high levels of urinary uric acid 
(hyperuricosuria). They are the only radiolucent urinary 
calculi. Uric acid stone formers can be categorized into 
two major groups: (1) those with high blood levels of uric 
acid and (2) those with normal levels. 


Hyperuricosuria Without Hyperuricemia 


Causes of isolated uric acid stones include a consistently 
abnormal low pH (i.e. patients with chronic diarrheal 
states or taking acidifying medications), excessive water 
loss (especially from the gastrointestinal tract), uricosuric 
drugs (i.e. salicylates and thiazides) and high protein 
diets. Management of these patients consists of increasing 
urinary volume to 1,500-2,000 mL/day (or 1 liter of urine 
output for every 300 mg of uric acid in a 24-hours urine 
collection), limiting dietary proteins to less than 90 grams 
per day and urine alkalinization (to a level between pH 6.5 
and pH 7.0) may be helpful in prevention of uric acid stone. 


Hyperuricosuria with Hyperuricemia 


Elevated serum uric acid levels can be caused by 
myeloproliferative or neoplastic disease and the Lesch- 
Nyhan syndrome (an inborn error of metabolism due 
to a deficiency of the enzyme hypoxanthine guanine 
phosphoribosyltransferase). These patients will usually 
require treatment with allopurinol, 300-600 mg per day in 
addition to the above measures. 


Cystine Stones 


Cystinuria is an inherited autosomal recessive defect 
in the renal tubular reabsorption of four amino acids; 
cystine, ornithine, arginine and lysine. Normal urinary 
cystine levels are less than 100 mg/24 hours; however, 
homozygous cystineurics excrete in exces of 600 mg 
per day. Ask about a family history of stone disease or 
recurrent stones and look for the characteristic hexagonal 
cystine crystals or a positive cyanide nitroprusside 
test in the urine. Cystine stones occur in acid urine. 
Management of cystinuria consists of increasing 
urinary volume to 3-4 liters per day (or > 2 liter of urine 
output for every 300 mg of cystine in a 24-hours urine 
collection) and urinary alkalinization to a pH above 
7.5. In resistant cases D-penicillamine (250 mg q6h) or 
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alpha-mercaptopropionylglycine (MPG 250 mg q6h) can 
be used to enhance cystine solubility in urine. 


Infection Stones (Struvite) 


Magnesium ammonium phosphate (MgNH,PO,.6H,O) 
stones occur in the setting of persistently high urinary 
pH caused by urea splitting bacteria resulting in 
high ammonia production. Alkaline pH greater than 
7.2 markedly reduces the solubility of magnesium 
ammonium phosphate in urine, resulting in its 
precipitation. The major urea splitting organisms 
include Proteus species, Pseudomonas and Klebsiella. 
Neurogenic bladder and foreign bodies in the urinary 
tract (i.e. catheters and sutures, even chromic catgut) 
have a high association with formation of struvite calculi. 
Struvite stones have been shown to contain numerous 
infective bacteria within their structure where antibiotics 
cannot penetrate; therefore, they must be removed if 
infection is to be cured. Prophylaxis against recurring 
magnesium ammonium phosphate stones requires 
maintenance of sterile urine (long term suppressive 
antibiotics), high urine volumes and decreased urinary 
phosphate levels (limit dietary phosphate ingestion 
and intestinal absorption by administering phosphate 
binding aluminum hydroxide gels). 


Calcium Stones 


Calcium oxalate, as either a monohydrate or dihydrate 
(less dense), is a major component of most urinary stones. 
Calcium phosphate (appetite) is the second most common 
component of stones and is usually found in association 
with calcium oxalate. Both are highly insoluble salts in 
urine. Hypercalciuria is the direct antecedent of most 
calcium stone formation. 


Causes of Hypercalciuria 


e Increased intestinal absorption: The mechanism of 
excessive intestinal calcium absorption, which occurs 
in patients with idiopathic hypercalciuria remains 
unknown. However, it is believed to be the most 
common etiology. Serum calcium is usually normal in 
the idiopathic group. Excessive vitamin D intake will 
also produce increased intestinal absorption resulting 
in hypercalcemia and hypercalciuria. 

e Decreased renal reabsorption: The second major cause 
of idiopathic hypercalciuria is thought to be a “renal 
leak” mechanism. These patients may have normal or 
low serum calcium levels. 


e Increased bone resorption: The most common etiology 
of increased bone resorption is hyperparathyroidism; 
however, it accounts for only about 5% of stone patients. 
Parathyroid hyperplasia or an adenoma secreting 
excessive amounts of PTH, results in increased calcium 
resorption from bone and hypercalcemia. Look for 
both elevated PTH and serum calcium in a patient 
with recurrent urolithiasis. Other less frequent causes 
of hypercalciuria and hypercalcemia in stone formers 
include chronic immobilization, metastatic cancer and 
vitamin D intoxication. 


MORTALITY/MORBIDITY RELATED 
TO UROLITHIASIS 


The morbidity of urinary tract calculi is primarily 
due to obstruction with its associated pain, although 
nonobstructing calculi can still produce considerable 
discomfort. 

Conversely, patients with obstructing calculi may be 
asymptomatic, which is the usual scenario in patients who 
experience loss of renal function due to chronic untreated 
obstruction. Stone-induced hematuria is frightening to the 
patient but is rarely dangerous by itself. 

The most morbid and potentially dangerous 
aspect of stone disease is the combination of urinary 
tract obstruction and upper urinary tract infection. 
Pyelonephritis, pyonephrosis and urosepsis can ensue. 
Early recognition and immediate surgical drainage are 
necessary in these situations.” 


CLINICAL REVIEW 


Patients with urinary calculi may report pain, infection or 
hematuria. Small nonobstructing stones in the kidneys 
only occasionally cause symptoms. If present, symptoms 
are usually moderate and easily controlled. Urolithiasis in a 
patient who has got a single kidney may pass into acute renal 
failure if the ureter is blocked by a small stone in the ureter. 

The passage of stones into the ureter with subsequent 
acute obstruction, proximal urinary tract dilation and 
spasm is associated with classic renal colic. Renal colic is 
characterized by undulating cramps and severe pain and 
is often associated with nausea and vomiting. 

As the stone travels through the ureter, the pain moves 
from the flank to the lower abdomen, down to the groin 
and eventually to the scrotal or labial areas. Associated 
irritative bladder symptoms are common when the stone 
is located in the distal or intramural ureter. Patients with 
large renal stones known as staghorn calculi, are often 
relatively asymptomatic. 
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Staghorn refers to the presence of a branched kidney 
stone occupying the renal pelvis and at least one calyceal 
system. Such calculi usually manifest as infection and 
hematuria rather than as acute pain. 

Asymptomatic bilateral obstruction, which is 
uncommon, manifests as symptoms of renal failure. 


Historical Features 


e Duration, characteristics and location of pain 

e History of urinary calculi 

e Prior complications related to stone manipulation, 
urinary tract infections, loss of renal function, family 
history of calculi, solitary or transplanted kidney 

e Chemical composition of previously passed stones.'°™ 


PHYSICAL EXAMINATION 


The costovertebral angle tenderness is common; this pain 
can move to the upper or lower abdominal quadrant as 
a ureteral stone migrates distally. The specific location 
of tenderness does not always correlate with the exact 
location of the stone, although the calculus is often in the 
general area of maximum discomfort. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis of urinary tract stone disease has 
been shown in Box 85.2 


WORK-UP 
Laboratory Studies 
Urinalysis 


Urine is examined for evidence of hematuria and infection. 
About 85% of patients with urinary calculi exhibit gross 
or microscopic hematuria. Absence of hematuria does 
not rule out urinary calculi; in fact, approximately 15% of 
patients with urinary stones do not exhibit hematuria. 


Complete Blood Cell Count 


An elevated white blood cell count suggests renal or 
systemic infection. The serum electrolytes, creatinine, 
calcium, uric acid, PTH and phosphorus studies are 
needed to assess a patient’s current renal function and 
to begin the assessment of metabolic risk for future 
stone formation. High serum uric acid level may indicate 
gouty diathesis or hyperuricosuria, while hypercalcemia 
suggests either renal leak hypercalciuria (with secondary 


Box 85.2: Differential diagnosis of urinary tract stone disease 


hyperparathyroidism) or primary hyperparathyroidism. 
When the serum calcium level is elevated, serum PTH 
levels should be obtained. Twenty-four hours urine 
collection for levels of pH, calcium, oxalate, uric acid, 
sodium, phosphorus, citrate, magnesium, creatinine and 
total volume should be estimated. 


Calcium, oxalate and uric acid: Elevation of the 24-hours 
excretion rate of any of these three components indicates 
a predisposition to form calculi. Hypercalciuria can be 
subdivided into absorptive, resorptive and renal leak 
categories based on the results of blood tests and 24 hours 
urinalysis on both regular and calcium restricted diets. 

The treatment of absorptive hypercalciuria may include 
modest dietary calcium restriction, thiazide diuretics, oral 
calcium binders or phosphate supplementation. 

The resorptive hypercalciuria is primary hyperpara- 
thyroidism and requires parathyroidectomy, when 
possible. When the parathyroid surgery is not possible, 
phosphate supplementation is usually recommended. 

The indiscriminate dietary calcium restriction is not 
advantageous and in fact may increase formation of calculi 
owing to a secondary increase in oxalate absorption. 
Reduced dietary calcium reduces the oxalate binding sites 
in the gastrointestinal tract, increasing the free dietary 
oxalate and leading to increased oxalate absorption and at 
the end, there is a net increase in stone production. 

The hyperoxaluria may be primary, enteric (due to 
malabsorption and associated with chronic diarrhea 
or short bowel syndrome) or idiopathic. The oxalate 
restriction and vitamin B6 supplementation are somewhat 
helpful in patients with idiopathic hyperoxaluria. The 
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enteric hyperoxaluria may be amenable to treatment; 
dietary calcium supplementation often produces 
dramatic results. The calcium citrate is the recommended 
supplement because citrate tends to further reduce stone 
formation. Calcium therapy works as an oxalate binder, 
reducing oxalate absorption from the intestinal tract. 

The hyperuricosuria may predisposes to the formation 
of calcium containing calculi because sodium urate can 
produce malabsorption of macromolecular inhibitors or 
can serve as a nidus for the heterogeneous growth of calcium 
oxalate crystals. The therapy may include potassium citrate 
supplementation, allopurinol or both.**'!*!° 


Urine pH: Uric acid and cystine stones are pH-dependent 
and they can form only in acidic conditions. Calcium 
phosphate and struvite stones only form when the urine 
pH is alkaline.’ 


Imaging Studies 
Noncontrast Computed Tomography 


A helical computed tomography (CT) scan without 
contrast material is currently believed to be the best 
initial radiographic examination for acute renal colic. If 
positive, kidneys, ureters and bladder (KUB) radiography 
is recommended to assist in follow-up and planning. 
Technological advances in CT scanning allow imaging of 
the entire abdomen in a single breath hold. 

Multislice CT without intravenous contrast material 
[Noncontrast computed tomography (NCT)], CT 
scanning is the most sensitive clinical imaging modality 
for calcifications (Figs 85.3A and B). The calculi that are 
radiolucent on a plain radiograph are clear and distinct 
on a CT scan as opaque shadow. The contrast is not 


used in the initial screening study because it makes the 
entire urinary collecting system appear white on the 
study, thus masking the stones. The CT scanning with 
contrast, may be obtained after the noncontrast study, 
is useful in treatment planning and in distinguishing 
problematic radio opacities. Currently, most institutions 
have replaced intravenous urography (IVU) with CT for 
the assessment of urinary tract stone disease, especially 
for acute renal colic. Plain radiography to noncontrast 
CT scanning increases the value of the study, by allowing 
visualization of the size, shape and relative position of 
the stone. 

The lucent stone that is not visible on the KUB 
radiograph butis clearly visible on the CT scan may indicate 
auric acid calculus. It may suggest a different diagnosis and 
therapy (allopurinol and/or urinary alkalinization) than 
for a calcium stone. For these reasons, many institutions 
routinely perform KUB radiography whenever renal colic 
noncontrast CT scanning is performed.”!°™" 


Plain Abdominal Radiography 


The plain KUB or plain abdominal is useful for assessing 
total stone burden, as well as the size, shape and location 
of urinary calculi in most patients and it is also helpful in 
determining the progress of the stone without the need for 
more expensive tests with greater radiation exposures. 

The calcium containing stones (approximately 85% 
of all upper urinary tract calculi) are radiopaque, but 
pure uric acid, indinavir induced and cystine calculi are 
relatively radiolucent on plain radiography. 

Plain KUB, when used with other imaging studies, such 
as a renal ultrasonography or, particularly, CT scanning, 
the plain film helps provide a better understanding of 
the size, shape, location, orientation and composition of 


Figs 85.3A and B: Multiple bladder stone 
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urinary stones revealed with these other imaging studies 
and may also be helpful in planning surgical therapy and 
in tracking progress of the stone over time. 


Renal Ultrasonography 


The renal ultrasonography by itselfis frequently adequate to 
determine the presence ofa renal stone. This study is mainly 
used alone in pregnancy or in combination with plain 
abdominal radiography to determine hydronephrosis or 
ureteral dilation associated with an abnormal radiographic 
density believed to be a urinary tract calculus. 

The stones are easily identified with renal 
ultrasonography but not visible on the plain radiograph 
may be a uric acid or cystine stone, which is potentially 
dissolvable with urinary alkalinization therapy. 

The ureteral calculi, especially in the distal ureter and 
stones smaller than 5 mm are not easily observed with 
ultrasonography. 


Intravenous Urography 


Intravenous urography was the standard imaging tool for 
determining the size and location ofurinary calculi up until 
recently. Intravenous urography is no longer the standard 
for the initial evaluation of a patient with a kidney stone 
as it is too much time consuming and may fail to reveal 
alternative pathology if a stone is not discovered, delaying 
the final diagnosis. Further more for optimal results, IVU 
requires a bowel preparation and involves intravenous 
injection of potentially allergic and mildly nephrotoxic 
contrast material. 

Use of IVU may be helpful in identifying the specific 
problematic stone among numerous pelvic calcifications 
and in establishing that the other kidney is functional. 
The CT scanning with delayed contrast series and thin 
slices has reduced the need for IVU in the evaluation of 
problematic ureteral stones. 


TREATMENT 


Medical Care 


Treatment of stone disease is tailor to the need of the 
patients. Acute colic should be treated urgently. Stone 
causing complications need to be taken out and further 
stone formation should be prevented. The stone prevention 
should be considered most strongly in patients who have 
risk factors for increased stone activity, including stone 
formation before the age of 30 years, family history of 
stones, multiple stones at presentation, renal failure and 


Box 85.3: Indications for early intervention in stone disease 


residual stones after surgical treatment. Sometimes stones 
which are dormant and not causing any complications 
particularly in frail patients may not require any stone 
removing procedures. 


General Guidelines for Emergency Management 


The ureteral colic, determine the presence or absence of 
obstruction. The obstruction in the absence of infection 
can be initially managed with analgesics and with other 
medical measures to facilitate passage of the stone. 

If the obstruction is minimum and features of infection 
is not present, the medical treatment with tamsulosin and 
the calcium channel blocker may help the stone to be 
spontaneously passed out if the diameter of the stone is 
smaller than 5 mm. Larger stones are more likely to require 
surgical measures. When obstruction and infection are 
present (Box 85.3), emergent decompression of the upper 
urinary collecting system is required by a percutaneous 
nephrostomy. 


Specific Guidelines for Emergency Management 


The parenteral narcotics or nonsteroidal anti- 
inflammatory drugs (NSAIDs). Morphine sulfate is the 
narcotic analgesic drug of choice for parenteral use. 
Ketorolac is often effective when used for renal colic. It 
is also now available as an intranasal spray for moderate 
to severe pain and supplemented with antiemetic agents 
such as metoclopramide HCl and prochlorperazine. 

Oral NSAIDs and antiemetics outpatient management 
approach for renal (ureteral) colic may be indicated in 
mild- to-moderate symptoms. Active medical expulsive 
therapy with calcium channel blocker and alpha-receptor 
blocker has been found to be effective in 65% cases." 

Calcium channel blocker nifedipine relaxes ureteral 
smooth muscle and enhances stone passage and the 
alpha blockers, such as terazosin and the alpha-1 selective 
blockers, such as tamsulosin, also relax musculature of the 
ureter and lower urinary tract, markedly facilitating passage 
of ureteral stones. This medical treatment of ureteric stones 
improve the results of extracorporeal shock wave lithotripsy 
(ESWL) in as much as the stone fragments resulting from 
treatment appear to clear the system more effectively. 
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Box 85.4: Stone localization in extracorporeal shockwave 
lithotripsy 


Active medical management is may contain a regimen 
consisting of 200-400 mg ibuprofen every 8-hours, with 
30 mg nifedipine extended release tablet once daily and 
0.4 mg tamsulosin once daily for about 2 weeks. An 
addition an antibiotic is logical in addition to the regimen. 
When this outpatient treatment fails, a hospitalization 
would be necessary for intervention.””” 


Surgical Care 


Primary indications for surgical treatment include pain, 
infection and obstruction. Contraindications for definitive 
stone manipulation include the following: 

e Active, untreated urinary tract infection 

e Uncorrected bleeding diathesis. 

An obstructed and infected collecting system 
secondary to stone disease, is treated best by 
percutaneous nephrostomy (PCN) under local 
anesthesia, which involves the placement of a small tube 
through the skin of the flank directly into the kidney 
under ultrasound guide and alternatively a ureteral stent 
may be placed in the ureter in the operating room while 
patients are under anesthesia. 

Stones that are 4 mm in diameter or smaller will 
probably pass spontaneously and stones that are 
larger than 8 mm are unlikely to pass without surgical 
intervention. Some times with medical treatment, stones 
of 5-8 mm in size pass spontaneously, especially if located 
in the distal ureter. 


Extracorporeal Shockwave Lithotripsy 


Today most urinary tract calculi that require treatment are 
currently managed with this ESWL, which is the least invasive 
of the surgical methods of stone removal (Box 85.4). 


Box 85.5: Contraindications of extracorporeal shockwave 
lithotripsy 


Urolithiasis 


Box 85.6: Biological effects of extracorporeal shockwave 
lithotripsy 


Some models of new lithotripters that have two shock 
heads, which deliver a synchronous or asynchronous 
pair of shocks to increase the efficiency of shock wave 
delivary.*** Contraindications and biological effects of 
extracorporeal shockwave lithotripsy are shown in Boxes 
85.5 and 85.6 respectively. 

Shock head of ESWL delivers shockwaves developed 
from an electromagnetic or piezoelectric source. In both 
the system, the shockwaves are focused on the calculus 
and the energy released as the shockwave impacts the 
stone produces fragmentation and the resulting small 
fragments pass in the urine. 

The ESWL is limited somewhat by the size and location 
of the calculus. Stone larger than 1.5 cm in diameter or one 
located in the lower section of the kidney is treated less 
successfully. The fragmentation still occurs, but the large 
volume of fragments of stone transit through pelvicalyceal 
system (PCS) is undetermined.®”4 


Fig. 85.4: Stone in distal ureter seen through ureteroscopy 
may be disintegrated easily with holmium laser, pneumatic and 
ultrasound energy (Master lithoclast) 
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Box 85.7: Indications of percutaneous nephrolithotomy 


Ureteroscopy 


The ureteroscopic manipulation of a stone, involve the 
use of a small endoscope, which may be rigid, semi rigid 
or flexible, is passed into the bladder and up the ureter to 
directly visualize the stone. When the stones are seen, they 
can be either directly extracted using a basket or grasper 
or broken into small pieces using various lithotrites (e.g. 
pneumatic, laser or ultrasonic) (Fig. 85.4). 

An ureteric stent may be inserted following this 
procedure in order to prevent obstruction from 
ureteral spasm and edema. These stents may often be 
uncomfortable to the patients due to vesicoureteral 
reflux and infection. 


Percutaneous Nephrolithotomy 


Percutaneous nephrolithotomy (PCNL) allows fragmen- 
tation and removal of large calculi from the kidney and 
ureter and is often used for the many ESWL failures. 
Correct puncture of the pelvicaliceal system with a PCN 
needle allows a guidewire in to the PCS tract and in to 
the ureter. The tract is dilated gradually over the guide 
wire by appropiate dialators until an Amplatz sheath is 
inserted. Through the sheeth the nephroscope allows 
the visualization, fragmentation and removal of the 
stone fragments. 

The percutaneous access to the kidney typically 
involves a sheath with a 1 cm lumen. But large endoscopes 
with powerful and effective lithotrites can be used to 
rapidly fragment and remove large stone volumes. 

Although PCNL is extremely effective procedure, but 
due to their increased morbidity compared with ESWL 
and ureteroscopy, percutaneous procedures are generally 
reserved for large and/or complex renal stones and failures 
from the other two modalities (Box 85.7). 

Acombination of ESWL and a percutaneous technique 
is some times necessary to completely remove all stone 


Box 85.8: Complications of percutaneous nephrolithotomy 


material from a kidney. It may be called as sandwich 
therapy, is reserved for Staghorn or other complicated 
stone cases (Box 85.8). 


Stone Prophylaxis Program 


All patients with stones form, an increase in fluid intake and 
therefore, an increase in urine output is recommended. 
This is likely the single most important aspect of stone 
prophylaxis (Box 85.9). 

Itis important to avoid excessive salt and protein intake 
and the moderation of calcium and oxalate intake is also 
reasonable. Dietary calcium restriction can increase the 
risk of calcium oxalate stone formation due to the fact that, 
reduced dietary calcium in these patients may actually 
lead to more oxalate absorption from the gastrointestinal 
tract in the absence of sufficient intestinal calcium to bind 
with it. This results in a net increase in oxalate absorption 
and hyperoxaluria, which tends to increase new kidney 
stone formation in patients with calcium oxalate calculi. 
Restriction of dietary calcium may also adversely 
affect bone mineralization and may have osteoporosis 
implications, especially in women.” 


FOLLOW-UP 


The major issues include infection, ureteral obstruction 
and hemorrhage following a surgical intervention of a 
stone disease. 

Follow-up examination, including abdominal 
radiography, is often adequate after an uncomplicated 
stone removal procedure. Other imaging is often 
unnecessary in a patient with a previous radio opaque 
stone who has no further symptoms. A radiographic 
follow-up care includes abdominal radiography every 
6-12 months and is often performed in conjunction with 
metabolic chemoprophylaxis. 


COMPLICATIONS OF STONE DISEASE 


Complications of urinary tract stone disease may include: 
e ‘The abscess formation 

e Progressive deterioration of renal function 

e Genitourinary fistula formation 


Box 85.9: Stone prophylaxis program 
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e Ureteral stricture 
e Urosepsis. 


MEDICAL TREATMENT FOR STONE DISEASE 


Most urinary calculi composed predominantly of 
calcium, cannot be dissolved with current medical 
therapy; however, medical therapy is important in the 
long term chemoprophylaxis of further calculus growth 
or formation. The prophylactic therapy might include 
limitation of dietary components, addition of stone 
formation inhibitors or intestinal calcium binders and 
most importantly, augmentation of fluid intake. They may 
also be advised to avoid excessive salt and protein intake. 

Uric acid and cystine calculi form in acidic 
environments and can be dissolved with alkalization 
of the urine and the sodium bicarbonate can be used 
as the alkalizing agent, but potassium citrate is usually 
preferred. Dosage of the alkalizing agent should be 
adjusted to maintain the urinary pH between 6.5 and 7.0. 
The urine pH of more than 7.5 may allow the deposition of 
calcium phosphate around the uric acid calculus, which 
would make it undissolvable. When hyperuricosuria or 
hyperuricemia is documented in patients with pure uric 
acid stones (present in only a relative minority), allopurinol 
(300 mg qd) is recommended because it reduces uric 
acid excretion. 

D-penicillamineand2-alpha-mercaptopropionylglycine 
can bind free cystine in the urine and can help reduce stone 
formation in cystinuria.”* 


PROGNOSIS 


Due to the fact that, the minimally invasive modalities, 
for stone removal, are generally successful in removing 
calculi, the primary consideration in managing stones 
is not whether the stone can be removed but whether it 
can be removed in an uncomplicated manner with 
minimum morbidity. 

The recurrence rate for urinary calculi is 50% within 
5 years and 70% or higher within 10 years. The metabolic 
evaluation and treatment are indicated for patients at 
greater risk for recurrence, including those who present 
with multiple stones, who have a personal or family history 
of previous stone formation, who present with stones at a 
younger age, or who have residual stones after treatment 
(Box 85.10). 

The medical therapy may be only effective at delaying 
the tendency for stone formation. Most important aspect 
of medical therapy is maintaining a high fluid intake to 


Box 85.10: Indications for a metabolic evaluation for stone 
disease 


make high urinary volume. Increased fluids and dietary 
moderation can cut the stone recurrence rate by 60%. 
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PRELUDE 


Md Fakhrul Islam 


The acute renal colic, or truly ureteric colic is probably the 
most excruciatingly painful event a person can endure. 
In acute obstruction of the pelvicalyceal system or in 
any site of ureter, the colicky pain is generated due to the 
obstruction and the management may involve the narcotic 
analgesics and the final treatment will depend on the 
exact size, shape, orientation, radiolucency, composition 
and location of the stone and must know about overall 
kidney function, the presence of any infection and other 
clinical information.! 


CLINICAL FINDINGS 


Classic presentation of a patient with acute renal colic is 
the sudden onset of severe pain originating in the flank and 
radiating inferiorly and anteriorly and is usually, but not 
always, associated with microscopic hematuria, nausea 
and vomiting. He may exhibit considerable costovertebral 
angle tenderness, but the rest of the examination findings 
are often unremarkable. The patients with an acute 
abdomen, who usually try to lie absolutely still, but 
the patients with renal colic tend to move constantly, 
seeking a more comfortable position. The patients with 
pyonephrosis also tend to remain motionless. 

Most of the patients with renal colic demonstrate at 
least microscopic hematuria but the lack of hematuria 
alone does not exclude the diagnosis of acute renal colic. 
Existence of pyuria, fever, leukocytosis or bacteriuria 
suggests the possibility of a urinary infection and the 
potential for an infected renal unit or pyonephrosis and 
should be treated as a surgical emergency. 

Patients with established urosepsis and 
hemodynamically unstable, a percutaneous nephrostomy 
is a faster and safer way to establish drainage of an infected 
and obstructed kidney. The retrograde approaches to 
drainage by placing a stent may cause ureteric injury due 
to its fragile state and the procedure may require more 
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sedation and anesthetic and may cause reflux of infected 
material from the ureter into the kidney and may exacerbate 
the infection. The retrograde endoscopy in these situations, 
if used at all, should be reserved for relatively mild cases in 
which patients are medically stable.” 

The distal ureteral stones cause pain thattends toradiate 
into the groin or testicle in the male or labia majora in the 
female because the pain is referred from the ilioinguinal 
or genitofemoral nerves. When a stone is lodged in the 
intramural ureter, symptoms may appear similar to cystitis 
or urethritis and may include suprapubic pain, urinary 
frequency, urgency, dysuria, stranguria, pain at the tip of 
the penis and sometimes various bowel symptoms, such 
as diarrhea and tenesmus. Sometimes these symptoms 
can be confused with pelvic inflammatory disease, ovarian 
cyst rupture or torsion and menstrual pain in women. 

Along with the pain nausea and vomiting are often 
associated with acute renal colic and occur in atleast 50% 
of the patients and the nausea is caused by the common 
innervation pathway of the renal pelvis, stomach and 
intestines through the celiac axis and vagal nerve afferents. 
Nausea can often be due to the effects of narcotic analgesics 
as it exerts an indirect effect on the chemoreceptor trigger 
zone in the medulla oblongata. 

When the stone is small it may pass before the 
definitive imaging procedure has been completed. In 
these cases, residual inflammation and edema still may 
cause some transient or diminishing obstruction and pain 
even without any stone being positively identified.?* 


WORK-UP 


Urinalysis 


Macroscopic or microscopic hematuria is only present in 
approximately 85% of the cases but absence of microscopic 
hematuria does not eliminate renal colic as a potential 
diagnosis. In addition to a dipstick evaluation, always 
perform a microscopic urinalysis in these patients. 
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Plain Abdominal Film 


Around 20% stones in the urinary tract may not always be 
visible on the kidney, ureter and bladder (KUB) radiograph 
because of their small size, stone radiolucency or overlying 
gas, stool or bone. Some calcifications observed on the 
KUB radiograph are phleboliths, vascular calcifications, 
calcified lymph nodes, appendicoliths, granulomas, 
various calcified masses or even bowel contents and all of 
them can be confused with urinary tract calculi. 

The best use of KUB film today to be done only in cases 
in which the noncontrast computed tomography (NCT) 
scan indicates ureteral or renal calculi.*’ 


Renal Ultrasound 


The ultrasound (US) scan is a bed side test which is fast, 
easy, safe and relatively inexpensive to perform and it 
requires no intravenous (IV) contrast and can easily 
detect any significant hydronephrosis. The large extrarenal 
pelvis or ureteropelvic junction obstruction can easily be 
misread for hydronephrosis if US alone is used. In general, 
the test is less useful for diagnosing ureteral calculi than 
other modalities.** 


Combining a Renal Ultrasound with 
an Abdominal Plain Film 


When a CT scan cannot be performed or is unavailable, 
then combining a renal US with an abdominal plain 
radiograph has been proposed as a reasonable initial 
evaluation protocol. The US has reasonably good sensitivity 
for detection of other sources of abdominal pain, such as 
cholelithiasis and abdominal aortic aneurysms. 

If US scan is combined with the KUB radiograph, 
US can quickly and inexpensively provide substantial 
information about the urinary tract without the risk of 
contrast nephrotoxicity or hypersensitivity.*” 


Doppler Ultrasound Studies 


In normal conditions, renal vascular resistance is relatively 
low and renal blood flow is excellent throughout the 
cardiac cycle, with a reasonable flow continuing even 
during diastole. Measure of the resistive index, on Doppler 
studies, has been proposed as one way to diagnose acute 
renal obstruction using US and elevation of the resistive 
index on the affected side, compared with the opposite 
healthy kidney, is an evidence of obstruction.” 


Box 86.1: Advantages of intravenous urogram 


Nuclear Renal Scans 


The technetium Tc 99m DTPA (diethylene triamine 
pentaacetic acid) is the radioisotope used for the dynamic 
renal scan. Itis eliminated from the body almost exclusively 
by glomerular filtration. Rate of clearance from the renal 
unit provides an excellent estimate of the glomerular 
filtration rate and the relative rate of drainage or clearing 
from each kidney. The drainage halftime that is 20 minutes 
or longer indicates obstruction, while a drainage half 
time of 10 minutes or less is considered unobstructed but 
when the drainage half time is 10-20 minutes, the result 
is indeterminate. 

The nuclear renal scan can be used to objectively 
measure differential renal function, especially in a dilated 
system for which the degree of obstruction is in question 
and can be used in pregnant patients, in whom radiation 
exposure must be limited. 


Intravenous Urogram 


Intravenous urogram (IVU) was the gold standard 
investigation for the detection and diagnosis of renal and 
ureteral calculi from 1927, until it was recently displaced 
by the noncontrast CT scan. 

Advantage of the IVU is the clear anatomical outline 
of the entire urinary system that it provides, making 
visualization of even mild hydronephrosis relatively easy 
(Box 86.1). This effect is enhanced by the osmotic diuretic 
effect of the contrast medium. 

Radiographs are obtained immediately before contrast 
administration and at 1, 5, 10 and 15 minutes afterwards or 
until visible contrast material fills both ureters and prone 
films are sometimes obtained to enhance visualization of 
the ureters. The patient is asked to void and then a postvoid 
film is taken. 

The contrast-induced nephropathy is a leading cause of 
hospital acquired acute renal failure. The serum creatinine 
level of more than 2 mg/dL is a contraindication to the use 
of IV contrast agents (Box 86.2). 

The patients with azotemia, multiple myeloma, 
pregnancy or diabetes, especially if dehydrated, are 
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Box 86.2: Disadvantages of intravenous urogram 


particularly susceptible to acute contrast nephropathy. 
The use of low osmolarity or iso-osmolar nonionic 
contrast may help to reduce the risk of contrast-induced 
nephropathy.”” 


Computed Tomography Scans 


Currently, most urology centers have a protocol that 
consists of a noncontrast or unenhanced CT scan of the 
abdomen and pelvis with a helical or spiral machine for 
evaluation of ureteric colic (Box 86.3). This is compounded 
with a plain abdominal film or KUB radiograph. 

Classic sign the “rim sign,’ is described as a rim, ring 
or halo of soft tissue visible on CT scans that completely 
surround ureteral stones and the effect is enhanced by 
the local inflammation a stone produces in the ureteral 
wall, with subsequent edema at the site of the calculus. 
Phleboliths do not show the ring sign. 

The sensitivity of NCT from multiple studies is reported 
at 94-100%, with accuracy rated at 93-98% (Box 86.4). The 
lucent stones, including uric acid calculi, cystine, matrix 
and xanthine, show up as bright white spots, making 
identification easy although they do not contain calcium, 
the stones are still much denser than the surrounding 
soft tissue.2” 


Retrograde Pyelograms 


The retrograde pyelograms can be performed safely both 
in patients who are highly allergic to IV contrast media and 
in patients with renal failure because the contrast medium 
never enters the bloodstream and therefore requires no 
renal filtration or excretion and causes no anaphylaxis.*"' 


Box 86.3: Advantages of computed tomography scan 


Box 86.4: Disadvantages of computed tomography scan 


To visualize the anatomy of the ureter and renal pelvis 
and for making a definitive diagnosis of any ureteral 
calculus, retrograde pyelogram is the final court of appeal. 
In the operating room, through the cystoscope a thin 
ureteral catheter can be inserted into the ureteral orifice 
on the affected side and a radiographic picture is taken at 
the appropriate time, while contrast material is injected 
through the ureteral catheter directly into the ureter. 
Ureteric stone, even if radiolucent and any ureteral kinks, 
strictures or tortuosities that may not be visualized easily 
on other studies become clearly visible. 


Magnetic Resonance Imaging 


The magnetic resonance imaging has virtually no role in 
the current evaluation of acute renal colic in the typical 
patient. Magnetic resonance imaging may still show some 
advantages like it does not use radiation, the gadolinium 
contrast it uses has minimal nephrotoxicity and the 
technology can readily show urinary obstruction even 
if the stones themselves are not easily visualized with 
magnetic resonance urography. 


Differential Diagnoses of Flank Pain 


e Pyelonephritis 

e Renal abscesses 

e Blood clots 

e Herpes zoster 

e Papillary necrosis 

e Pleuritis and pneumonia 
e Radiculitis 

e Fungal bezoars 

e Kidney tumors 

e Ureteropelvic junction obstruction 
e Retroperitoneal fibrosis 

e Ureteral strictures. 


Acute Renal Infarction 


Acute renal infarction a disorder, currently believed to 
be a relatively common clinical entity that is frequently 
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misdiagnosed initially as acute renal colic, pyelonephritis 
or acute abdomen. Risk factors for acute renal infarction 
include age older than 50 years and an increased risk for 
thromboembolism such as patients with a prior history 
of a thromboembolic event and chronic atrial fibrillation 
with inadequate anticoagulant therapy. 

Most common presenting symptoms are unilateral 
flank pain and hematuria, which affect virtually every 
patient with this disorder with other common symptoms 
include fever, nausea and vomiting. The serum lactate 
dehydrogenase levels and white blood cells (WBCs) counts 
are usually elevated. The definitive diagnosis is usually 
made using a CT scan. The management may include with 
IV heparin, intra-arterial clot busting infusions or both. 


Gynecological Causes of Flank Pain 


Ectopic or tubal pregnancy: The ectopic or tubal 
pregnancy usually causes unilateral pain in the lower 
abdomen, may be either colicky or constant with a history 
of menstrual problems or irregularities. They may present 
increased beta human chorionic gonadotropin levels in 
the blood or urine. The US is diagnostic in most cases. 


Endometriosis: The endometriosis usually causes 
extrinsic compression from scarring but also may 
directly involve the ureteral wall and commonly appears 
on investigation as a stricture or tumor. The hormonal 
treatment is not always successful when the ureters are 
involved and surgical resection of the affected ureteral 
segment is needed to provide relief. 


Ovarian cyst rupture or torsion: Torsion of ovarian cyst 
may cause unilateral lower abdominal quadrant pain, 
which tends to increase over time. Abdominal US is usually 
diagnostic. 


Pelvic inflammatory disease: Pelvic inflammatory 
disease generally causes bilateral lower quadrant pain, 
but patients may sometimes present with unilateral 
symptoms. Bimanual examination usually suggests the 
diagnosis, which can be confirmed by US. 


MANAGEMENT OF ACUTE RENAL 
OR URETERIC COLIC 


Small stones with relatively mild hydronephrosis pass out 
spontaneously with medical treatment. Impacted stones 
with intractable pain hydronephrosis or with infection 
may require drainage with percutaneous nephrostomy. 
Narcotic analgesics such as morphine and pethidine may 
be indicated in managing intractable pain. 


Hospitalization 

Severe renal colic needs hospital management. 
Hospitalization is clearly necessary when any of the 
following is present: 


e Oral analgesics are insufficient to manage the pain 

e Ureteric stone in a solitary kidney, e.g. donor of 
transplanted kidney 

e Evidence of urosepsis. 

Depending on the individual circumstances, generally 
the least invasive option is selected, which is usually the 
double-J stent or a percutaneous nephrostomy. Later, when 
the infection is under control and the patient is no longer 
septic, a more definitive procedure can be performed to 
remove or fragment the obstructing stone. 


Narcotics and Opioids 


Mainstay of medical therapy for patients with acute renal 
colicis parenteral narcotic analgesics. They are inexpensive 
and quite effective. Choosing any particular agent tends to 
be somewhat arbitrary. Morphine and pethidine are the 
most commonly used. 

The usual dose of morphine sulfate is 10 mg/70 kg of 
body weight intramuscularly or subcutaneously every 
4 hours. The actual dosage required varies according 
to each individual patient’s tolerance and severity of 
discomfort. For more rapid results, morphine sulfate can 
be administered intravenously in doses of 4-10 mg but 
must be administered slowly or in small increments to 
avoid excessive adverse effects and potentially dangerous 
respiratory depression. 

Pethidine is a potent parenteral narcotic analgesic that 
is very similar in overall effect to morphine sulfate. Doses 
of 60-80 mg of meperidine are roughly equivalent to 10 mg 
of morphine. Meperidine offers a slightly more rapid onset 
of action and slightly shorter duration of analgesic activity 
than morphine sulfate.” 


Nonsteroidal Anti-inflammatory Drugs 


Ketorolac works at the peripheral site of pain production 
rather than on the central nervous system. It has fewer 
adverse effects and often provides dramatic improvement 
in pain symptoms due to renal colic. The dosage is an 
initial 30-60 mg intramuscular (IM) or 30 mg IV followed 
by 30 mg IV or IM every 6-8 hours. Chemically, ketorolac 
is similar to aspirin and may increase the prothrombin 
time when administered with anticoagulants. It is 
potentiated by probenecid and should be avoided in 
patients with peptic ulcer disease, renal failure or recent 
gastrointestinal bleeding.’ 
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Antiemetics 


Because nausea and vomiting frequently accompany 
acute renal colic, antiemetics often play a role in renal colic 
therapy. Several antiemetics have a sedating effect that is 
often helpful. Metoclopramide is the only antiemetic that 
has been specifically studied in the treatment of renal 
colic. In two double-blinded studies, metoclopramide 
apparently provided pain relief equivalent to narcotic 
analgesics in addition to relieving nausea. Its antiemetic 
effect stems from its dopaminergic receptor blockage in 
the central nervous system. 


Antidiuretics 


Several studies have now demonstrated that desmopressin 
(DDAVP), a potent antidiuretic medication that is 
essentially an antidiuretic hormone, can dramatically 
reduce the pain of acute renal colic in many patients. 
Desmopressin acts quickly, has no apparent adverse 
effects, reduces the need for supplemental analgesic 
medications and may be the only immediate therapy 
necessary for some patients. It is available as a nasal spray 
(usual dose of 40 mcg, with 10 mcg per spray) and as an IV 
injection (4 mcg/mL, with 1 mL the usual dose). Generally, 
only one dose is administered.’ 

Desmopressin is thought to work by reducing 
the intraureteral pressure, but it may also have some 
direct relaxing effect on the renal pelvic and ureteral 
musculature. A central analgesic effect through the release 
of hypothalamic beta-endorphins has been proposed but 
remains unproved. Whether this therapy significantly 
affects eventual stone passage is unknown.” 


Antibiotics 


Antibiotic use in patients with kidney stones continues 
to be controversial. Use antibiotics if a kidney stone or 
ureteral obstruction has been diagnosed and the patient 
has clinical evidence of a urinary tract infection (UTI). 
Evidence of a possible UTI includes an abnormal finding 
upon microscopic urinalysis, showing pyuria of 10 WBCs 
per high-power field (or more WBCs than red blood 
cells), bacteriuria, fever or unexplained leukocytosis. 
Approximately 3% of the patients being treated for renal 
colic are reported to develop a newly acquired UTI. 
Trimethoprim/sulfamethoxazole is a urinary antibiotic 
used in this case for prophylaxis, although other urinary 
antibiotics can be substituted. 


Stone Migration Facilitator 


Nifedipine is indicated for angina, migraine headaches, 
Raynaud’s disease and hypertension, but it can also 
reduce muscle spasms in the ureter, which helps reduce 
pain and facilitate stone passage. Ureteral smooth muscle 
uses an active calcium pump to produce contractions, so 
a calcium channel blocker such as nifedipine would be 
expected to relax ureteral muscle spasms." 

Alpha blockers such as tamsulosin are usually used as 
muscle relaxants for the lower urinary tract. Spontaneous 
stone passage rates have increased approximately 30% 
in patients with ureterovesical and distal ureteral stones 
treated with tamsulosin compared with controls.”°*! 


Percutaneous Nephrostomy 


In some clinical situations, drainage of an obstructed 
kidney is necessary and a stent is either inadvisable or 
impossible to place. In particular, such cases include 
patients with pyonephrosis who have a urinary infection 
or urosepsis exacerbated by an obstructing calculus. In 
these cases, retrograde endourological procedures such 
as retrograde pyelograms and double-J stent placement 
may be contraindicated. These situations clearly indicate 
the need for a percutaneous nephrostomy, especially in 
patients who are hemodynamically unstable. 

Proximal urinary diversion is usually used to alleviate 
symptoms such as persistent pain, renal failure and 
fever. Percutaneous nephrostomy can be placed more 
safely in patients with infection or patients who are 
unstable, avoiding the bladder irritation that frequently 
accompanies stent placement.'*” 


Stents 


The stents when placed in the ureter virtually guarantee 
drainage of urine from the kidney into the bladder and 
bypass any obstruction. This relieves patients of their renal 
colic pain even if the actual stone remains. Overtime, stents 
gently dilate the ureter, making ureteroscopy and other 
endoscopic surgical procedures easier to perform later. Once 
big stones are broken up, stents tend to prevent the rapid 
dumping of large amounts of stone fragments and debris 
into the ureter. The stent forces the fragments to pass slowly, 
which is more efficient and prevents clogging. Finally, a stent 
helps prevent any stone in the kidney from passing into the 
ureter, an important factor for shockwave lithotripsy, which 
works best on stones within the renal pelvis. 


Chapter 86 Acute Renal Colic 


Stents do have drawbacks. They can become kinked, 
dislodged or infected. A simple KUB radiograph can 
be used to determine stent position, while infection is 
easily diagnosed by urinalysis. Stents are often quite 
uncomfortable for patients due to direct bladder irritation, 
spasm and reflux. This discomfort can be alleviated by pain 
medications, anticholinergics, e.g. oxybutynin (Ditropan), 
tolterodine (Detrusitol LA). 


SURGERY FOR RECURRENT RENAL COLIC 


A stone trapped in a calyx plausibly could block the 
outflow tract from that calyx, causing an obstruction and 
subsequent pain. Treatment by extracorporeal shock 
wave lithotripsy (ESWL) is reasonable for situations in 
which calyceal stones are suspected of causing symptoms 
and pain, and ESWL is usually successful. However, 
indications for using ESWL for asymptomatic patients 
with calyceal stones are less clear. In rare instances of 
intractable colic due to recurrent stones not amenable to 
medical prophylaxis, surgical intervention can be used. A 
stone chemical composition analysis should be performed 
whenever possible.”7" 
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Isteaq Ahmed Shameem 


Prior to the introduction of extracorporeal shockwave 
lithotripsy (ESWL) in 1980, the only treatment available for 
calculi that could not pass through the urinary tract was 
open surgery. Since then, ESWL has become the preferred 
tool in the urologist’s armamentarium for the treatment 
of renal stones, proximal stones and midureteral stones. 
Compared with open and endoscopic procedures, 
ESWL is minimally invasive, exposes patients to less use 
of anesthesia and yields equivalent stone-free rates in 
appropriately selected patients.! 

The efficacy of ESWL is in its ability to pulverize calculi 
in vivo into smaller fragments, which the body can then 
expulse spontaneously. Shockwaves are generated and 
then focused onto a point within the body. The shockwaves 
propagate through the body with negligible dissipation 
of energy (and therefore damage) owing to the minimal 
difference in density of the soft tissues. 

At the stone fluid interface, the relatively large 
difference in density, coupled with the concentration 
of multiple shockwaves in a small area, produces a large 
dissipation of energy. Via, various mechanisms, this 
energy is then able to overcome the tensile strength of 
the calculi, leading to fragmentation. Repetition of this 
process eventually leads to pulverization of the calculi into 
small fragments (ideally < 1 mm) that the body can pass 
spontaneously and painlessly. 


TECHNICAL ASPECTS 


All lithotripsy machines share four basic components 
(Fig. 87.1): 

1. Shockwave generator. 

2. Focusing system. 

3. Coupling mechanism. 

4. Imaging/localization systems. 


Extracorporeal 


Shockwave Lithotripsy 


Fig. 87.1: Extracorporeal shockwave lithotripsy machine 


Shockwave Generator 


Shockwaves can be generated in one of three ways, 
as follows: 

1. Electrohydraulic. 

2. Piezoelectric. 

3. Electromagnetic. 


Electrohydraulic 


The original method of shockwave generation (used in 
the Dornier HM3) was electrohydraulic, meaning that 
the shockwave is produced via spark gap technology. In 
an electrohydraulic generator, a high voltage electrical 
current passes across a spark gap electrode located 
within a water filled container. The discharge of energy 
produces a vaporization bubble, which expands and 
immediately collapses, thus generating a high energy 
pressure wave. 
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Piezoelectric 


The piezoelectric effect produces electricity via application 
of mechanical stress. The Curie brothers first demonstrated 
this in 1880. The following year, Gabriel Lippman theorized 
the reversibility of this effect, which was later confirmed 
by the Curie brothers. The piezoelectric generator takes 
advantage of this effect. Piezoelectric ceramics or crystals, 
set in a water filled container, are stimulated via high 
frequency electrical pulses. The alternating stress/strain 
changes in the material create ultrasonic vibrations, 
resulting in the production of a shockwave. 


Electromagnetic 


In an electromagnetic generator, a high voltage is applied 
to an electromagnetic coil, similar to the effect in a stereo 
loudspeaker. This coil, either directly or via a secondary 
coil, induces high frequency vibration in an adjacent 
metallic membrane. This vibration is then transferred 
to a wave propagating medium (i.e. water) to produce 
shockwaves. 


Focusing Systems 


The focusing system is used to direct the generator- 
produced shockwaves at a focal volume in a synchronous 
fashion. The basic geometric principle used in most 
lithotripters is that of an ellipse. Shockwaves are created at 
one focal point (F1) and converge at the second focal point 
(F2). The target zone or blast path is the three-dimensional 
area at F2, where the shockwaves are concentrated and 
fragmentation occurs.” 

Focusing systems differ, depending on the shockwave 
generator used. Electrohydraulic systems use the principle 
of the ellipse; a metal ellipsoid directs the energy created 
from the spark gap electrode. In piezoelectric systems, 
ceramic crystals arranged within a hemispherical dish 
direct the produced energy toward a focal point. In 
electromagnetic systems, the shockwaves are focused with 
either an acoustic lens (Siemens system) or a cylindrical 
reflector (Storz system). 


Coupling Mechanism 


In the propagation and transmission of a wave, energy 
is lost at interfaces with differing densities. As such, a 
coupling system is needed to minimize the dissipation of 
energy of a shockwave as it traverses the skin surface. The 
usual medium used is water, as this has a density similar to 
that of soft tissue and is readily available. In 1st generation 


lithotripters (Dornier HM3), the patient was placed in 
a water bath. However, with 2nd and 3rd generation 
lithotripters, small water filled drums or cushions with a 
silicone membrane are used instead of large water baths 
to provide air free contact with the patient’s skin. This 
innovation facilitates the treatment of calculi in the kidney 
or the ureter, often with less use of anesthesia than that 
required with the 1st generation devices.* 


Imaging/Localization Systems 


Imaging systems are used to localize the stone and to 
direct the shockwaves onto the calculus, as well as to track 
the progress of treatment and to make alterations as the 
stone fragments. The methods commonly used to localize 
stones include fluoroscopy and ultrasonography. 

Fluoroscopy, which is familiar to most urologists, 
involves ionizing radiation to visualize calculi. As such, 
fluoroscopy is excellent for detecting and tracking calcified 
and otherwise radiopaque stones, both in the kidney and 
the ureter. Conversely, it is usually poor for localizing 
radiolucent stones (e.g. uric acid stones). To compensate 
for this shortcoming, intravenous contrast can be 
introduced or (more commonly) cannulation of the ureter 
with a catheter and retrograde instillation of contrast (i.e. 
retrograde pyelography) can be performed. 

Ultrasonographic localization allows for visualization 
of both radiopaque and radiolucent renal stones and the 
real time monitoring oflithotripsy. Most second generation 
lithotripters can use this imaging modality, which is much 
less expensive to use than radiographic systems. Although 
ultrasonography has the advantage of preventing exposure 
to ionizing radiation, it is technically limited by its ability 
to visualize ureteral calculi, typically due to interposed 
air-filled intestinal loops. In particular, smaller stones may 
be difficult to localize accurately. 


EVOLUTION OF SHOCKWAVE LITHOTRIPTERS 


The Dornier HM3, originally designed to test supersonic 
aircraft parts, was the first shockwave lithotripter 
introduced in Germany. The design of the HM3 is 
based on an electrohydraulic shockwave generator; the 
shockwaves are focused via an ellipsoid metal water 
filled tub in which both the patient and the generator are 
submerged. Biplanar fluoroscopy is used for localization, 
allowing placement of the calculi to be fragmented in the 
target zone. Second generation lithotripters typically use 
piezoelectric or electromagnetic generators as the energy 
source. When coupled with the appropriate focusing 
device, these shockwave generators commonly have a 
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Fig. 87.2: Extracorporeal shockwave lithotripsy is in progress 


smaller focal zone; a design that greatly simplifies the 
positioning of patients (Fig. 87.2). The newest generation 
lithotripters have been designed to offer greater portability 
and adaptability. These systems often provide imaging 
with both fluoroscopy and ultrasonography.* 


Mechanism of Stone Fragmentation 


A stone is fragmented when the force of the shockwaves 
overcomes the tensile strength of the stone. Although 
incompletely understood, fragmentation is thought to 
occur through a combination of methods, including 
compressive and tensile forces, erosion, shearing, spalling 
and cavitation. Of these various forces, the generation of 
compressive and tensile forces and cavitation are thought 
to be the most important. 

When a shockwave is propagated through a medium 
(water), it loses very little energy until it crosses into a 
medium with a different density. If the medium is denser, 
compressive forces are produced on the new medium. 
Similarly, if the new medium is less dense, tensile stress 
is produced on the first medium. Upon hitting the 
anterior surface of a stone, the change in density creates 
compressive forces, causing fragmentation. As the wave 
proceeds through the stone to the posterior surface, 
the change from high to low density reflects part of the 
shockwave’s energy, producing tensile forces, which again 
disrupt and fragment the stone. 

In cavitation, shockwave energy applied at a focal point 
leads to failure of the liquid with generation of water vapor 
bubbles. These gaseous bubbles collapse explosively, 


creating microjets that fracture and erode the calculus. This 
process can be monitored with real time ultrasonography 
during the treatment and appears as swirling fragments 
and liquid in the focal zone." 


INDICATIONS OF EXTRACORPOREAL 
SHOCKWAVE LITHOTRIPSY 


The current options available for the treatment of renal 
and ureteral calculi include conservative management 
(watchful waiting for spontaneous passage), ESWL, 
endoscopic techniques (rigid or flexible ureteroscopic 
lithotripsy) and percutaneous treatments.* 

The American urological association stone guidelines 
panel has classified ESWL as a potential first-line treatment 
for ureteral and renal stones smaller than 2 cm. 

Indications for ESWL include the following: 

e Individuals who work in professions in which 
unexpected symptoms of stone passage may 
prompt dangerous situations (e.g. pilots, military 
personnel, physicians). In such individuals, definitive 
managementis preferred to prevent adverse outcomes. 

e Individuals, with solitary kidneys, in whom attempted 
conservative management and spontaneous passage 
of the stone may lead to an anuric state. 

e Patients with hypertension, diabetes or other medical 
conditions that predispose to renal insufficiency.® 


Contraindications 


Absolute Contraindications to Extracorporeal 
Shockwave Lithotripsy 


e Acute urinary tract infection or urosepsis 

e Uncorrected bleeding disorders or coagulopathies 
e Pregnancy 

e Uncorrected obstruction distal to the stone. 


Relative Contraindications 


e Body habitus 
— Morbidobesityand orthopedic or spinal deformities 
may complicate or prevent proper positioning. In 
these situations, attempting to position the patient 
prior to anesthetic induction is useful to ensure the 
practicality of the approach. 
e Renal ectopy or malformations (e.g. horseshoe kidneys 
and pelvic kidneys) 
e Complex intrarenal drainage (e.g. infundibular stenosis) 
e Poorly controlled hypertension (due to increased 
bleeding risk) 
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e Gastrointestinal disorders 
— Inrare cases, these may be exacerbated after ESWL 
treatment. 
e Renal insufficiency 
— Stone-free rates in patients with renal insufficiency 
(57%; serum creatinine level of 2-2.9 mg/dL) were 
significantly lower than in patients with better renal 
function (66%; serum creatinine level < 2 mg/dL). 

Pre-existing pulmonary and cardiac problems are 
not contraindications, provided they are appropriately 
addressed both preoperatively and intraoperatively. 
In patients with a history of cardiac arrhythmias, the 
shockwave can be linked to electrocardiography (ECG), 
thus firing only on the R wave in the cardiac cycle (i.e. 
gated lithotripsy). 

Cardiac pacemakers are also not contraindicated, 
although seeking assistance from a cardiologist for 
possible changes to pacemaker settings would be prudent. 

Oral anticoagulants [e.g. clopidogrel and warfarin 
(Coumadin)] should be discontinued to allow 
normalization of clotting parameters. Platelet function is 
normalized by discontinuing aspirin-containing products 
and nonsteroidal anti-inflammatory drugs (NSAIDs) 7 
days before treatment. 


WORK-UP 


Laboratory Studies 


e Complete blood count 

e Anticoagulation profile (Prothrombin time/activated 
partial thromboplastin time) 

e Urinalysis, with or without urine culture. 


Imaging Studies 


e Renal ultrasonography 
e Noncontrast computed tomography (CT) scanning 
e Intravenous pyelography. 


FACTORS AFFECTING THE OUTCOME OF 
EXTRACORPOREAL SHOCKWAVE LITHOTRIPSY 


Several factors related to the stone, including stone burden 
(size and number), composition and location affect the 
outcome of ESWL.” 


Stone Size 


As stone size approaches 2 cm, the likelihood of success 
with ESWL decreases and the need for retreatment and 


adjunctive therapy increases. Extracorporeal shockwave 
lithotripsy has also been found to be most efficacious in 
treating nonobstructing renal calculi. In patients with 
a large stone burden, pre ESWL stenting may secure 
drainage and prevent obstructive urosepsis. 


Stone Composition 


The density and ability of a stone to resist ESWL is based 
in part on the composition of the stone. Stones composed 
of calcium oxalate dihydrate, magnesium ammonium 
phosphate or uric acid tend to be softer and fragment 
more easily with ESWL. Stones composed of calcium 
oxalate monohydrate or cystine, on the other hand, are 
less susceptible to ESWL. To a degree, this can be predicted 
with CT scanning by measuring the radio-opacity of 
stones. A recent retrospective study showed that ESWL 
monotherapy is more likely to be effective against stones 
with a lower radio-opacity [551 Hounsfield units (HU)] 
than those with a higher radio-opacity (926 HU). 

In addition, certain radiolucent stones [uric acid, 
indinavir (Crixivan)] are difficult to visualize on fluoroscopy 
and therefore require either ultrasonography guided 
localization or the addition of retrograde or intravenous 
contrast to localize a calculus. 


Stone Location 
Lower Pole Calculi 


Although ESWL can fragment stones in the lower pole ofthe 
kidney, the resulting stone free rate is decreased because 
of the difficulty in passing stones from this location. Recent 
studies have delineated renal morphology associated with 
improved stone-free rates (e.g. lower infundibular length 
to diameter ratio of <7, lower pole infundibular diameter of 
> 4mm, single minor calyx), as well as factors associated 
with decreased stone-free rates (infundibulopelvic angle 
of < 70°, an infundibular length of > 3 cm, an infundibular 
width of < 5 mm). Regardless of anatomy, ESWL tends to 
yield better results in patients with smaller stone burdens.” 


Calyceal Diverticula with Infundibular Stenosis 


In patients with diverticula caused by or related to 
infundibular stenosis, fragmented stones cannot easily 
bypass the obstruction, with resultant retained stone 
fragments. These patients are best served by more invasive 
techniques that allow the surgeon to address the obstruction 
and the stones simultaneously, either with retrograde 
ureteroscopy or in an antegrade percutaneous fashion. 
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Ureteral Calculi 


Fragmentation of proximal stones is more effective than 
mid or distal stones. In addition, when associated with 
hydronephrosis, ureteroscopy yields better stone-free 
rates for stones larger than 15 mm. 


PREOPERATIVE AND INTRAOPERATIVE STENTING 


In the modern setting, where access to ESWL and 
ureteroscopy is readily available, the indications for 
stenting prior to definitive treatment are much fewer. 
These indications include: (i) obstructed pyelonephritis 
or pyelitis and; (ii) newly onset renal insufficiency or 
renal failure. In these situations, the stent helps to ensure 
internal drainage and allows passive dilatation ofthe ureter, 
facilitating future endoscopic evaluation and treatment. 
With the advent of newer and smaller ureteroscopic 
equipment, the rates of endoscopic complications (i.e. 
strictures) have subsequently declined.® 

The need for intraoperative manipulation of stones 
for ESWL (e.g. stone pushback) or placement of a 
ureteral catheter to assist with stone visualization has 
decreased, as newer machines are capable of treating 
proximal ureteral stones or visualizing radiolucent 
stones with ultrasonography. That said, intraoperative 
ureteral stents should be considered in patients with 
larger stones, as the rate of steinstrasse (German for 
“stone street”) increases with stone burden (1-4% in 
general versus 10% for stones > 2 cm). 


TECHNIQUES OF EXTRACORPOREAL SHOCKWAVE 
LITHOTRIPSY AND PATIENT CARE 


The optimal shockwave lithotripsy treatment is thought to be 
about 80-90 shocks per minute. Faster rates have been shown 
to be associated with decreased stone-free rates, especially 
for larger stones (11-20 mm). The difference in stone-free 
rates is less significant for smaller stones. Conversely, slower 
rates obviously increase the total operative time. During 
shockwave lithotripsy, tracking the stone burden becomes 
an important issue, in part because of the natural movement 
of the kidney during respiration, with subsequent movement 
of the stone burden in and out of the focal zone." 

Common adverse effects associated with ESWL 
include flank petechiae, hematuria and passage of stone 
fragments with associated renal colic. Hydration and 
analgesia alleviate most flank discomfort and symptoms 
caused by the passage of fragments. Some groups have 
initiated trials of pharmacologic aids similar to those 
involved in medical stone passage protocols to facilitate 


stone passage. Patients are issued a urine strainer to help 
collect stone fragments, which can later be chemically 
analyzed to assist with prevention of future stones. 

Quantification of residual stone burden and resolution 
of hydronephrosis was defined with postoperative 
radiography or ultrasonography. Postoperative imaging is 
usually obtained within 6 weeks following the procedure 
or sooner if the patient is symptomatic. 


FOLLOW-UP 


Stone Prevention Strategies 


All patients who undergo surgery for stones should 
be given information about kidney stone prevention. 
General measures include increased fluid intake and 
restriction of dietary sodium and purine. In patients with 
calcium oxalate stones, intake of foods high in oxalate 
(e.g. spinach, nuts, beer, chocolate, rhubarb, green leafy 
vegetables) should be discouraged. Calcium intake should 
be moderated; extremely high or low levels of calcium can 
increase stone production. 

Blood work and 24-hour urine collections measuring 
for pH, urinary volume, citrate, calcium, oxalate, uric acid, 
sodium, magnesium, phosphates and electrolytes can 
assist in identifying and alleviating risk factors for future 
stone production. Following treatment of the initial stone 
event, testing should be performed in all children and in 
patients with solitary kidneys, chronic diarrhea, a history 
of bariatric surgery, renal failure and nephrocalcinosis, 
as well as in any patient with kidney stones who has 
sufficient motivation to follow long-term treatment 
recommendations to prevent future stones. 


COMPLICATIONS 


Bacteriuria develops in 7.7-23.5% of patients undergoing 
ESWL and is more likely to develop in patients with 
infection-related stones." 

Post ESWL hematuria is usually mild and transient. In 
the event of significant hematuria with clots or frank clot 
retention, imaging the kidneys should be considered to 
identifya perinephric hematoma. Perinephric, subcapsular 
or intranephric hematomas may be associated with severe 
pain, ileus and infrequently, shock or hypotension. 

Stone fragments may pass with a minimal amount 
of discomfort. In some patients, the comminuted stone 
fragments pile up in the ureter, creating a virtual column 
of stone called steinstrasse. 

Renal atrophy, although uncommon, can result from 
renal vascular or severe atherosclerotic disease. Patients with 
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underlying renal parenchymal disease are at a higher risk of 
renal atrophy. However, studies of ESWL in patients with a 
solitary kidney have shown no statistical evidence of renal 
function deterioration secondary to shockwave lithotripsy." 

Hypertension is an unusual complication of ESWL but 
may occur as a sequela of a large perinephric hematoma. 
Patients who undergo ESWL may have a slightly higher 
likelihood of eventually developing hypertension and 
diabetes than patients who undergo other therapies for 
stone removal.'*161” 


FUTURE AND CONTROVERSIES 


Technical improvements, such as synchronous twin pulse 
technique with variable angles between the shockwave 
reflectors, have been attempted to increase the quality and 
rate of stone disintegration. Other groups have attempted 
to improve the fragmenting capability of the cavitation 
bubbles created during lithotripsy by forcing their collapse 
with a second weaker pulse timed immediately after the 
initial pulse." 

Controversy exists with some of the newer shockwave 
generators. The smaller focal zone and newer tabletop 
designs increase the indications for treatment and lower 
the anesthetic requirements, but they may decrease 
overall efficacy of the treatment. Many newer generators 
require precise localization, with little margin for error in 
light of the greatly reduced focal zones." 


REFERENCES 


1. Lingeman JE, Zafar FS. Lithotripsy systems. In: Smith 
AD, Badlani GH, Bagley DH (Eds). Smith’s Textbook of 
Endourology. St Louis, Missouri: Quality Medical Publishing; 
1996.pp.553-89. 

2. Albala DM, Assimos DG, Clayman RV, et al. Lower pole 
I: a prospective randomized trial of extracorporeal shock 
wave lithotripsy and percutaneous nephrostolithotomy 
for lower pole nephrolithiasis-initial results. J Urol. 
2001;166(6):2072-80. 

3. Anagnostou T, Tolley D. Management of ureteric stones. Eur 
Urol. 2004;45(6):714-21. 

4. Auge BK, Preminger GM. Update on shock wave lithotripsy 
technology. Curr Opin Urol. 2002;12(4):287-90. 

5. SeguraJW, Preminger GM, Assimos DG, etal. Nephrolithiasis 
clinical guidelines panel summary report on the 
management of staghorn calculi. The American urological 
association nephrolithiasis clinical guidelines panel. J Urol. 
1994;151(6):1648-51. 


10. 


I, 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


Sheir KZ, Madbouly K, Elsobky E, et al. Extracorporeal shock 
wave lithotripsy in anomalous kidneys: 11-year experience 
with two second-generation lithotripters. Urology. 
2003;62(1):10-5. 

AbeT, Akakura K, Kawaguchi M, etal. Outcomes ofshockwave 
lithotripsy for upper urinary-tract stones: a large-scale study 
at a single institution. J Endourol. 2005;19(7):768-73. 
Lindqvist K, Holmberg G, Peeker R, et al. Extracorporeal 
shock-wave lithotripsy or ureteroscopy as primary treatment 
for ureteric stones: a retrospective study comparing two 
different treatment strategies. Scand J Urol Nephrol. 
2006;40(2):113-8. 

Collins JW, Keeley FX. Is there a role for prophylactic shock 
wave lithotripsy for asymptomatic calyceal stones? Curr 
Opin Urol. 2002;12(4):281-6. 

Delius M. This month in Investigative Urology: effect 
of extracorporeal shock waves on the kidney. J Urol. 
1988;140(2):390. 

Joshi HB, Obadeyi OO, Rao PN. A comparative analysis of 
nephrostomy, JJ stent and urgent in situ extracorporeal 
shock wave lithotripsy for obstructing ureteric stones. BJU 
Int. 1999;84(3):264-9. 

Kim FJ, Rice KR. Prediction of shockwave failure in patients 
with urinary tract stones. Curr Opin Urol. 2006;16(2):88-92. 
Chacko J, Moore M, Sankey N, et al. Does a slower treatment 
rate impact the efficacy of extracorporeal shock wave 
lithotripsy for solitary kidney or ureteral stones? J Urol. 
2006;175(4):1370-4. 

Lee C, Ugarte R, Best S, et al. Impact of renal function on 
efficacy of extracorporeal shockwave lithotripsy. J Endourol. 
2007;21(5):490-3. 

Unal B, Kara S, Bilgili Y, et al. Giant abdominal wall abscess 
dissecting into thorax as a complication of ESWL. Urology. 
2005;65(2):389. 

Skolarikos A, Alivizatos G, de la Rosette J. Extracorporeal 
shock wave lithotripsy 25 years later: complications and 
their prevention. Eur Urol. 2006;50(5):981-90. 

Lee YH, Tsai JY, Jiaan BP, et al. Prospective randomized 
trial comparing shock wave lithotripsy and ureteroscopic 
lithotripsy for management of large upper third ureteral 
stones. Urology. 2006;67(3):480-4. 

Sheir KZ, El-Diasty TA, Ismail AM. Evaluation of a 
synchronous twin-pulse technique for shock 
lithotripsy: the first prospective clinical study. BJU Int. 
2005;95(3):389-93. 

Chaussy CG, Fuchs Gj. Current state and future 
developments of noninvasive treatment of human urinary 
stones with extracorporeal shock wave lithotripsy. J Urol. 
1989;141(3 Pt 2):782-9. 


wave 


565 


Chapter 


88 


PRELUDE 


Agrawal Madhu Sudan 


Intracorporeal lithotripsy or endoscopically conducted 
lithotripsy may be defined as visualization of a calculus in 
the urinary tract and the simultaneous application of energy 
for fragmentation of the stone or stones in the urinary tract. 
Currently, most of the calculi in the upper urinary tract are 
treated with extracorporeal shockwave lithotripsy (ESWL). 
Intracorporeal lithotripsy is indicated in those patients 
who are not suitable for ESWL. Flexible ureteroscopy and 
percutaneous techniques (e.g. percutaneous endourology) 
is the most common means of direct visualization and 
treatment of the urinary tract calculus.'* 

Based on the stone size and location, and associated 
ureteral obstruction, various treatments can be used. 
Most ureteral stones are small (< 5 mm) and should pass 
spontaneously without surgical intervention. Larger 
stones (< 1.5 cm) that are not associated with complete 
ureteral or renal obstruction can frequently be treated with 
ESWL in a noninvasive manner. 

Endoscopic treatment is most commonly used to 
manage obstructive and/or large stones. Most infectious 
calculi are large and are usually located in the kidney. 
Thus, these are also commonly treated with endoscopy. 
In these scenarios, retrograde ureteroscopic lithotripsy or 
percutaneous nephrostolithotomy is used. 

Endoscopic lithotrites include ultrasonic and 
mechanical devices, and lasers. These instruments are 
passed through the working channel of the endoscope 
to fragment stones into extractable pieces. Baskets and 
graspers are used during lithotripsy to immobilize stones 
and to remove stone fragments.** 


DIFFERENT ENERGY SOURCES USED IN 
INTRACORPOREAL LITHOTRIPSY 
Ultrasonic Lithotripsy 


In the past ultrasonic lithotripsy was popular. But the 
ultrasonic lithotripsy requires a rigid endoscope and 
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vastly used for percutaneous nephrolithotripsy (PCNL). 
Ultrasonic lithotripsy is less useful with ureteroscopy. 
Endoscopic ultrasound lithotripsy requires a straight 
working channel as power is decreased significantly 
with any endoscope deflection. Currently ultrasonic 
lithotriptor is connected to hollow core probe and added 
with a vacuum suction facilities which do fragmentation 
of the stones and simultaneously the stone particles can 
be evacuated.°” 


Pneumatic Lithotripsy 


Most cost effective and powerful lithotripter is pneumatic 
lithotripter. This pneumatic mechanical device Lithoclast, 
is a small endoscopic jackhammer that works best 
when passed through a straight endoscopic working 
channel. Reusable stainless steel probes are durable and 
cost effective. Lithoclast is an efficient and economical 
energy source for fragmenting calculi and is particularly 
useful for managing large and hard stones. Pneumatic 
mechanical devices, is commonly used for large renal 
stones (percutaneously) and distal ureteral stones 
(ureteroscopically). Currently the pneumatic mechanical 
device is compounded with suction devices and also ultra- 
sound device, which makes the equipment more effective 
(master lithoclast” by Electro Medical Systems). Stone 
cone or other suitable devices can be used for preventing 
the stone migration during the treatment procedure.’* 


Laser Lithotripsy 


Laser lithotripsy was first introduced commercially in the 
late 1980s with the pulsed-dye laser, which uses 504 nm 
of light delivered through optical quartz fibers. This was a 
nonthermal safe laser that produced plasma between the 
tip of the fiber and the calculus, fragmenting stone with 
a photoacoustic effect. However, the efficacy of this laser 
was not very satisfactory.” Advancing laser technology 
has led to the development of the holmium: YAG (yttrium- 
aluminum-garnet) laser, which is a thermal laser that uses 
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a 2,150 nm wavelength of light. The energy is delivered 
in a pulsatile fashion through low water-density quartz 
fibers.°1)” 

Flexible ureteroscopy with holmium laser lithotripsy 
is an attractive alternative to shockwave lithotripsy in 
the management of renal calculi in anomalous and/or 
ectopic kidneys (i.e. horseshoe kidneys). In addition, 
ureteroscopy is a primary treatment in selected patients 
with symptomatic stones in pelvic kidneys.'** 

Certain patients or stone characteristics may favor 
ureteroscopic lithotripsy over ESWL or PCNL. These 
include the following: 

e Lower-pole stone location 

e Cysteine or calcium oxalate monohydrate stone 
composition 

e Morbid obesity 

e Uncorrectable bleeding diathesis 

e Stones within a calyceal diverticulum or infundibular 
stenosis 

e Ectopic kidney. 


Renal Stones 


Retrograde ureteroscopic treatment of intrarenal 
calculi is performed with actively deflectable flexible 
ureteroscopes.’® The smallest diameter lithotripsy probes 
(e.g. 200 um laser fiber, 1.4 F EHL probe) are required to 
treat lower-pole calyceal calculi.” 

The percutaneous nephrostolithotomyis performed with 
both rigid and flexible endoscopes. The rigid nephroscopes 
usually have offset lens systems to facilitate the straight 
ultrasonic lithotripsy probes. Probes of ultrasound 
lithotripter are hollow and allow for simultaneous 
evacuation of debris during fragmentation. It is useful for 
treating infectious, matrix-based, staghorn calculi.” 

During PCNL, initially large stones are fragmented 
with rigid nephroscope and ultrasonic lithotripter and 
all larger fragments are cleared. In this way the central 
stone burden is cleared but still peripheral calyceal calculi 
remains. Rigid endoscopes are not suitable to access these 
peripheral stones, while the flexible 15-18 F nephroscope 
can direct a lithotrite safely onto them. 

Flexible lithotripsy probes used for ureteroscopic 
lithotripsy are passed through the large (> 6 F) working 
channel. The nitinol basket extractors may be passed 
through the flexible nephroscope to extract the remaining 
small stones and fragments. The endoscopic baskets 
may also be used, most often through a dual-channel 
rigid endoscope, to stabilize a mobile stone during 
fragmentation. 


Ureteral Stones 


Distal ureteral stones are addressed with semirigid 
endoscopes ranging in diameter from 4.5 F to 9 F. These 
fiberoptic-based endoscopes can be angled approximately 
30° while maintaining clear optical images and allows 
the surgeon to simultaneously use both an endoscopic 
lithotrite and basket or grasper. If the ureter is dilated a 
basket, or stone cone device, can be used to prevent stone 
migration while the laser is used to sculpt the stone into an 
extractable core fragment. 

The proximal ureteric stones are frequently treated 
with actively deflectable flexible ureteroscopes. Current 
models of endoscopes are most commonly smaller than 
or equal to 8.5 F in diameter and have working channel 
suitable for laser lithotripsy. 


Urinary Bladder Stones 


The rigid, continuous-flow endoscopic equipment is 
preferred to treat bladder stones. A continuous irrigating 
resectoscope sheath and laser bridge is a very efficient 
means of delivering the 1,000 um holmium laser fiber. 
Larger laser fiber produces a sizable vaporization bubble 
in saline irrigation, allowing the stone to break into dust 
rapidly, while the large sheath keeps the operating field 
clear by facilitating evacuation of the created debris.’ 


POSTOPERATIVE CARE 


Ureteric stents are often placed in the ureter after 
ureteroscopic lithotripsy to help facilitate healing and 
to ensure drainage, particularly if vigorous therapeutic 
maneuvers were performed. Ureteric stents may help in 
minimizing the risks of urinomas (collections of urine 
outside the urinary collecting system) and/or ureteral 
strictures after traumatic endoscopy. 

It should be taken into consideration that the 
ureteral stents commonly cause lower urinary tract 
symptoms, which include urinary frequency, urgency 
and transient hematuria. Ureteral stents are removed 
after a period of healing, ranging from a few days to few 
weeks, depending on the complexity of the treatment. 
Ureteric stents are usually removed in the office with 
either an attached nylon suture left through the urethra 
postoperatively or cystoscopically. 

The patients are discharged on oral antibiotics, 
analgesics and occasionally, uroselective anticholinergic 
medication like oxybutynin, tolterodine, etc. to decrease 
symptoms associated with the ureteral stent. Usually 
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antibiotics are used to eliminate any bacteriuria after all 
tubes have been removed. 


COMPLICATIONS 


The complications of intracorporeal lithotripsy include 
problems associated with the endoscopy (potentially, 
trauma to the urinary tract) and the specific problems 
created by incomplete stone fragmentation and 
incomplete fragment elimination. Incomplete and/or 
inadequate pulverization of the stones occasionally occurs 
with all types of lithotripsy. The residual fragments can 
lead to renal or ureteral colic and secondary procedures.” 


OUTCOME AND PROGNOSIS 


It is interesting to note that the endpoint of endoscopic 
lithotripsy has been changed significantly based on new 
technology. The stone extraction was once commonly 
used; today, however, devices such as the holmium laser 
allow the surgeon to safely convert the stone burden to fine 
particulate debris which passes spontaneously with urine. 

Research and studies indicate that holmium: YAG 
lithotripsy is associated with shorter operative time and 
postoperative hospitalization period than lithoclast 
lithotripsy for ureteral stones. It also suggested that 
holmium: YAG lithotripsy is safe and more effective than 
lithoclast lithotripsy, with significantly better immediate 
stone-free rates. 

Holmium: YAG laser lithotripter can fragment and 
destroy all compositions of stone even with a low power. 
Current Holmium: YAG laser machines are available with 
30-50 watts. Stone free rate for ureteric stones approach 
100%. Overall success rate for ureteroscopic treatment of 
renal stones varies from 75% to 92%. The complications are 
rare and minimal when used with the current technique. 

The ultrasonic lithotriptors used only through rigid 
endoscopes provide high fragmentation rates (97-100%) 
and stone-free rates (94%). The limitations are based 
primarily on failure of endoscopic access, since this class 
of lithotrite cannot be deflected significantly and is thus 
not complementary with semirigid or actively deflectable 
flexible ureteroscopes. 


INTRACORPOREAL LITHOTRIPSY AND ITS FUTURE 


Conventional or traditional open surgical lithotomy 
procedures have been almost replaced by extracorporeal, 
intracorporeal and percutaneous lithotripsy. Extracorporeal 
lithotripsy is the least invasive method for eliminating 
stones, but it has a relatively high failure rate with large 
stones, obstructing stones, cystine stones and other 


complex stones. The intracorporeal lithotripsy is minimally 
invasive and yields high success rates with most ureteral 
stones and renal stones. Holmium: YAG laser is currently 
the most effective and widely used laser available today. 
Recent studies are investigating newer lasers and devices to 
continually improve the efficiency, cost and visualization of 
stone fragmentation via an endoscopic approach.’ 

Still controversy exists about the preferred endoscopic 
approach, percutaneously through the kidney versus 
ureteroscopically. Preferred approach is the one that, in 
the hands of the operator, offers the greatest chance of 
rendering the patient stone-free with the least morbidity 
and expense. For most urologists, the preferred approach 
is strongly influenced by the number, size, location and 
probable composition of the stone(s), and by the body 
habitus of the patient.” 
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The percutaneous endourological procedure is based 
on appropriate puncture of pelvicalyceal system and 
guidewire access to the kidney and the upper urinary tract. 
When guidewire access is obtained, various catheters can 
then be placed into the kidney, either for drainage or for 
facilitation of antegrade intrarenal or ureteral endoscopic 
procedures. The established tract should provide a 
straightforward route to the kidney, allowing bloodless 
instrumentation. Currently, many invasive open traditional 
urologic procedures are now performed endoscopically 
through small-diameter percutaneous access tracts.” 


HISTORY 


First percutaneous nephrostomy description of record was 
published in 1865 by Thomas Hillier, MD. It is interesting 
to note that none of Hillier’s contemporaries followed his 
example and percutaneous renal procedures received no 
further attention until the mid 1950s." 

Goodwin and associates provided the next description 
of percutaneous renal access in 1955. In 1976, Fernstrom 
and Johansson described a procedure in which a renal 
pelvic calculus could be extracted through a percutaneous 
tract. It was only in 2005, the clinical practice guideline 
report for the management of staghorn calculi by the 
American Urological Association Guidelines Panel 
confirmed that percutaneous treatment of staghorn calculi 
should be first-line treatment for most patients.* 

Percutaneous renal access and percutaneous surgery 
have evolved rapidly over the last 30 years and are now 
performed on a routine basis for both diagnostic and 
therapeutic procedures. The percutaneous surgery is 
evolving continuously, as the endoscopes, radiography 
and complementary instruments continue to improve.’ 


Percutaneous 
Endourological Procedures 


RELEVANT ANATOMY 


Kidneys are retroperitoneal organs that are obliquely 
placed as they lie on the anterior surface of the psoas 
muscles. Right kidney is often 2-8 cm lower than the left 
due to the presence of the liver on the right side. It lies 
adjacent to the 12th rib, liver, duodenum and hepatic 
flexure of the colon and the left kidney is adjacent to the 
11th and 12th ribs, pancreas, spleen and splenic flexure of 
the colon. 

Kidney may change location with changes in patient’s 
position and respiration. With the respiratory cycle, the 
kidneys naturally move in a vertical direction but do not 
exceed 8-9 cm excursion. Kidney is intimately connected 
to the pleura and a risk of pleurotomy may be incurred with 
a percutaneous puncture, especially during upper-pole 
renal access. To prevent pneumothorax, percutaneous 
renal access above the 12th rib should be performed near 
the end of the rib. 

Collecting system of the kidney is composed of minor 
calyces, major calyces and a renal pelvis. The renal pelvis 
lies in the renal sinus and narrows at the ureteropelvic 
junction (UPJ) to form the ureter. At the hilum, the vein is 
usually situated anterior and the renal pelvis is posterior, 
with the artery lying in between. 


INDICATIONS 


The percutaneous access to the renal collecting system may 
be performed for diagnostic procedures or for establishing 
a tract through which therapeutic interventions and 
endoscopy are performed. The initial puncture can 
be performed with the help of ultrasound or under 
fluoroscopy. Ultrasound guided puncture is preferred 
because of the simplicity and lack of radiation hazards to 
all members of the team. 
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Fig. 89.1: Antegrade pyelography 


Diagnostic Indications of Percutaneous 
Endourological Procedures 


Antegrade Pyelography (Box 89.1) 


The administration of radiopaque contrast material into 
the kidney and collecting system via a percutaneously 
placed needle or catheter system will delineate the port- 
catheter system (PCS). 

This may be a common step towards other more 
complex endoscopic interventions. For example during 
most percutaneous access procedures to the kidney, 
routine antegrade pyelography are performed (Fig. 89.1). 
This simple imaging often provides important information 
about the intrarenal collecting system architecture and 
can help plan subsequent therapeutic interventions. 


Pressure/Perfusion Study (Whitaker Test) (Box 89.1) 


Upper tract pressure flow study is similar to an antegrade 
nephrostogram but adds an in-line transducer to measure 
intrarenal collecting system pressures while filling and 
emptying. This test sounds unique but in the current 
practice this test has largely been replaced by noninvasive 


Box 89.1: Diagnostic indications of percutaneous endourological 
procedure 


Fig. 89.2: Whitaker test. Note the hydronephrosis on the left, the 
dilated ureter and the trabeculated bladder 


nuclear medicine examinations of the kidney [e.g. diuretic 
renography or scintigraphy (renal scan)]. 

But, in cases, in which the diuretic renal scan findings 
are equivocal, a Whitaker test may be performed. In this 
test, dilute contrast is instilled at a rate of 10 mL/minute 
via a percutaneously placed needle or small nephrostomy 
tube in the renal collecting system (Fig. 89.2). Collecting 
system architecture is reviewed as the upper urinary tract 
is filled and the transit of contrast is also studied. The 
nephrostomy catheter is connected with a urodynamic 
machine to record the pressure changes during the test. 
During the test a urethral catheter allows drainage of the 
bladder and measurements of bladder pressures. The PCS 
is perfused at a flow rate of 10 mL/minute, differential 
pressures between the renal pelvis and bladder of less 
than 13 cm of water are normal (not obstructed), 14-22 cm 
of water suggest mild obstruction, and more than 22 cm of 
water suggest moderate-to-severe ureteral obstruction.’ 


Therapeutic Indications of Percutaneous 
Endourological Procedures 


Currently most of the following therapeutic interventions 
were once performed via an open approach. Use of 
percutaneous renal access, these interventions carry 
significantly decreased morbidity than they did with 
open surgery (Box 89.2). The percutaneous renal access 
is a minimally invasive technique that allows the patient 
quicker recovery time, better cosmetic effect and a shorter 
hospital stay. 
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Figs 89.3A to E: Nephrostomy catheter drainage: (A) Needle inserted into kidney; (B) Guidewire passed through needle; (C) Needle 
removed with guidewire in the kidney; (D) Catheter placed over guidewire; (E) Catheter in position 


Box 89.2: Therapeutic indications of percutaneous 
endourological procedure 


Nephrostomy Catheter Drainage 


Faced with impacted stone, stricture, causing significant 
ureteral obstruction and compounded with sepsis, the 
drainage of the kidney is of paramount importance. 
In these situations the use of percutaneous drainage 
system under ultrasound guide is the simplest and safest 
(Figs 89.3A to E). This test also can be performed with 
computed tomography (CT) of fluoroscopic localization 
of the collecting system. The objective of this intervention 
is to obtain drainage, not to perform other more complex 
therapeutic maneuvers. A nephrostomy catheters (8-12F) 
are placed over the access guidewire to obtain drainage of 
the upper urinary tract and allows preservation of renal 
function, relief of symptoms, and effective and rapid 
drainage of purulent material from an obstructed kidney.®* 


Antegrade Ureteral Stenting 


The ureteral stent is a catheter that is placed into the ureter 
to facilitate internal drainage of the upper urinary tract. 


Usually, it is placed cystoscopically through the bladder. 
But when retrograde stenting of the ureter is unsuccessful, 
the antegrade percutaneous approach is used. In this 
situation, the percutaneous guidewire access is obtained. 

First under the ultrasound guide and then the guidewire 
and catheter are directed down the ureter and into the 
bladder fluoroscopically (Figs 89.4A to D). Sometimes 
stenting is not possible cystoscopically due to ureteral 
tortuosity, false passages, or the inability to identify the 
orifice endoscopically, then the antegrade approach is 
frequently successful. 


Treatment of Ureteral Strictures 


Ureteric strictures may be caused by diseases, e.g. 
genitourinary tuberculosis or due to iatrogenic injuries, 
gynecologic diseases such as pelvic endometriosis, or 
prior urinary tract surgeries. Ureteral strictures are treated 
with balloon dilation and/or endoscopic incision. The 
endoscopic incisions are performed with endoscopes 
placed transurethrally/ureteroscopically or through a 
percutaneous renal access tract. The ureteric dilation 
or incision therapy alone for ureteral strictures has low 
success rate (30%) and may warrant a laparoscopic, robotic 
or open reconstruction.” 


Percutaneous Endopyelotomy 


Pelviureteric junction obstruction is either primary (i.e. 
congenital) or secondary (i.e. due to chronic irritation from 
stone disease). The incision of the UPJ can be performed 
ureteroscopically or via a percutaneous access tract. The 
success rates are similar in both the groups. When the 
stones in the kidney are associated with a UPJ narrowing, 
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Figs 89.4A to D: (A) Antegrade ureteral 
stenting: Nephrostogram shows a tight 
right distal malignant ureteric stricture; (B) 
This is negotiated with a slippery Terumo 
guidewire; (C) It is followed by cannulation 
of the ureteric stricture and bladder with a 
5F Teflon-coated catheter; (D) A 7F OptiMed 
ureteric stent 


the endopyelotomy can be done with a special stent 
(Fig. 89.5). The success rates range from 72 to 87% with up 
to 3 years of follow-up. 

Minimally invasive procedures for the treatment of 
UPJ obstruction are popular in recent days. They may 
include laparoscopic and robotic pyeloplasty. Previous 
studies suggest that the success rate of endopyelotomy 
is decreased, particularly when a crossing vessel is 
the primary cause of UPJ obstruction, when the renal 
function is poor, or when severe hydronephrosis or a long 
segment (> 2 cm) of ureteral obstruction is present. In 
these situations, open or laparoscopic pyeloplasty may be 

Fig. 89.5: Percutaneous endopyelotomy stent more appropriate.*"! 
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Percutaneous nephrolithotomy 


Fig. 89.6: Use of flexible nephroscope in percutaneous 
nephrolithotomy 


An indwelling ureteral stent is placed for 3-5 weeks 
and a nephrostomy tube is often left for 24-48 hours 
postoperatively. 


Percutaneous Endopyeloplasty 


The endopyeloplasty has emerged as a viable option that 
combines antegrade endopyelotomy with endoscopic 
suturing, like that used with laparoscopic pyeloplasty. The 
percutaneous endopyeloplasty, as described by Gill et al.’ 
(2002) and Desai et al.*!* (2004), consists of retrograde 
ureteral catheterization, percutaneous renal access, 
longitudinal endopyelotomy incision using a cone-tip 
Bugbee electrode and cutting current, mobilization of the 
distal ureter, percutaneous horizontal suturing vertically 
of the endopyelotomy incision, and then antegrade 
placement of a double-J ureteral stent and nephrostomy 
tube. The suturing was performed using a modified 5 mm 
laparoscopic suturing device inserted through the working 
channel of the nephroscope. 

The results show percutaneous endopyeloplasty is 
technically feasible and safe, but this procedure carries 
significant limitations. The relative contraindications 
include long-segment stenosis, extrinsic crossing vessels, 
and prior surgery for UPJ.4"""8 


Percutaneous Nephrolithotomy 


Upper urinary tract stones that are not amenable to 
other modalities of treatment are usually treated via 
this percutaneous endoscopic approach (Fig. 89.6). 
Appropriately and commonly, infected stone burdens are 
treated percutaneously because this facilitates not only 
stone fragmentation but also prompt evacuation of the 
infected material. 

The large stones (> 2.5 cm in diameter), including 
staghorn calculi, ideally be treated via percutaneous 


Fig. 89.7: Fluoroscopic image during percutaneous 
nephrolithotomy 


endoscopic surgery. Fluoroscopic image during 
percutaneous nephrolithotomy (PCNL) is shown in 
Figure 89.7. Traditional open surgery is performed only 
for a small minority of staghorn calculi that would require 
an excessive number of percutaneous access tracts to clear 
the entire stone burden. 

The other indication for PCNL may be the symptomatic 
calculi located in a calyceal diverticulum as shown in 
Figures 89.8 and 89.9 (dilated cavities connected to the 
collecting system by a narrow infundibulum). 


Miniature Percutaneous Access 


The technique if miniature percutaneous (mini-PERC) 
access was first described in the pediatric population by 
Jackman et al. (1997) as an alternative to standard PCNL. 


Peripelvic 
renal capsule 
(flank pain) 


Renal pelvis 
and calyces 
(renal colic) 


Renal capsule 


Fig. 89.8: Percutaneous nephrolithotomy 
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Fig. 89.9: Percutaneous nephrolithotomy is in progress 


Essentially, it consists of downsizing to smaller percutaneous 
access sheaths with the intention of decreasing blood 
loss, postoperative pain and the hospital stay in patients 
undergoing nephroscopic procedures." 


Tubeless Percutaneous Nephrolithotomy 


The concept of tubeless PCNL refers to the technique of 
performing a nephroscopic procedure via a fresh access 
track without subsequent placement of a nephrostomy 
tube. Early studies of tubeless PCNL involved only internal 
stent drainage, the most recent studies support the use of 
hemostatic agents. °?! 


Endoscopic Resection and Treatment of Upper 
Urinary Tract of Transitional Cell Carcinoma 


The conventional treatment of upper tract urothelial 
lesions is based on radical nephroureterectomy and 
resection of a bladder cuff or segmental ureterectomy 
with traditional open or laparoscopic technique. The 
endoscopic treatment is performed ureteroscopically or 
through a percutaneous tract using the electrocautery 
or laser energy. In the postoperative period, topical 
chemotherapy (i.e. mitomycin-C) may be instilled 
via a nephrostomy tube or ureteral catheter to reduce 
recurrence rates. The success with both forms of 
treatment is based on the presenting tumor grade 
and stage. Generally, low-grade urothelial tumors are 


associated with the best outcomes with these treatments. 
Lifelong endoscopic surveillance is required to detect 
any recurrences. 


CONTRAINDICATIONS 


Contraindication to percutaneous renal access may 
include uncorrected coagulopathy. The thrombocytopenia 
should be corrected with platelet administration. 


WORK-UP 


Detailed history should be obtained and a physical 
examination should be performed prior to any 
percutaneous renal procedure. The following factors are to 
be considered: 

e Anticoagulation drug to be discontinued 

e Bleeding disorders to be corrected 

e Contrast-medium reactions 

e Urinary tract infections to be corrected 

e Renal function to be optimized 


Coagulation Profile 


The coagulation profile is important to estimate 
before embarking the intervention. They may include 
prothrombin time, with international normalized 
ratio (INR), activated partial thromboplastin time and 
platelet count. 

The contraindication to percutaneous renal access 
in an uncorrected coagulopathy and correction of any 
abnormalities prior to percutaneous access is essential. 
The thrombocytopenia should be corrected with platelet 
administration. Intake of aspirin and clopidogrel should 
be stopped preoperatively to allow for platelet function 
to be optimized. The patients on Coumadin should have 
their coagulation factors normalized prior to surgery. 


Overall Renal Function 


The overall renal function should be evaluated prior to 
performing percutaneous surgery and an estimation of 
blood urea nitrogen and creatinine suffice. 


Complete Blood Cell Count 


The complete blood cell count is essential prior to 
performing percutaneous access as bleeding is a possible 
complication of percutaneous renal surgery, and 
knowledge of the patient’s baseline hematocrit is critical 
in patient management if significant bleeding occurs.” 
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Urinalysis and Urine Culture 


The percutaneous intervention as it may rapidly lead 
to sepsis in the setting of infection and/or obstruction. 
Most appropriate antibiotic coverage should be provided 
prior to the procedure and should be available during the 
procedure to help prevent intraoperative sepsis. 


Imaging Studies Before Endourological 
Intervention 


A baseline diagnostic renal imaging is required before 
placing a percutaneous nephrostomy. 

The intravenous urogram or retrograde pyelography 
and renal ultrasonography are the most common imaging 
modalities used to define renal anatomy and pathology. 

The CT, nuclear renography and magnetic resonance 
imaging, all may be used to define unexpected 
abnormalities. 

Ultrasonography and fluoroscopy are most useful 
when nephrostomy placement is planned and performed 
as ultrasonography provides useful information prior to 
the procedure such as depth and lay of the kidney, location 
of stone burden, and the degree of hydronephrosis. 

The enhanced imaging is essential in defining the 
intrarenal collecting system. Use of non-ionic contrast 
material is a safer option when it becomes essential for 
detail examination of the PCS. 

The three-dimensional CT scan with reconstruction 
images can be used selectively in complicated cases, such 
as in planning a percutaneous approach to a staghorn 
calculus in a malrotated kidney or in revealing crossing 
vessels in a patient with UPJ obstruction. Computed 
tomography urography has recently been used to provide 
avery accurate anatomical roadmap. 

The endoluminal ultrasonography may be used to 
diagnose and to evaluate the depth of penetration of 
ureteral and renal pelvic neoplasms, to locate crossing 
vessels, etc. and is performed using small (6-10 F) high- 
frequency transducers, which are inserted into a hollow 
via the nephrostomy tract or ureteroscope. 


TREATMENT 


Preoperative Preparations 


A special attention should be paid to the following 
historical factors: anticoagulation, bleeding disorders, 
contrast medium reactions, malignancy, obesity, spinal 
cord injury and history of urinary tract infections. The 
essential laboratory data include a coagulation profile, 
complete blood cell count, electrolytes, blood urea 


Urolithiasis 


nitrogen, creatinine, platelet count, urinalysis and urine 
culture. Appropriate antibiotic coverage should be 
arranged in preventing sepsis. 

The simple percutaneous renal access procedures are 
performed with the patient in the prone position while 
under a combination of local anesthetic and intravenous 
sedation but for a difficult procedure, a general 
endotracheal anesthetic should be used to protect the 
airway from aspiration. 


Procedure 


Initial access: Perfect puncture of the renal collecting 
system is achieved by one of the three techniques: (1) 
intravenous pyelography; (2) retrograde pyelography 
or if needed; (3) an antegrade ureteropyelography (i.e. a 
two-stick technique where a small needle is passed first 
and then a larger needle used for guidewire access). 

The standard lower-pole puncture site is along the 
posterior axillary line midway between the 12th rib and 
the iliac crest in the lumbar triangle (Petit triangle). The 
posterior calyces, which project more medially than 
anterior calyces, are preferred. The first maneuver is 
positioning the access needle (18-2lgauge) over the 
desired calyx with posteroanterior fluoroscopy. The 
fluoroscope’s image intensifier is then rotated 30° towards 
the operating surgeon so that the axis of the posterior calyx 
is parallel to the fluoroscopic beam. With the shaft of the 
access needle also in line with the oblique fluoroscopic 
beam, the tip of the needle is adjusted so it remains on 
the selected calyx. The needle is then advanced into the 
posterior calyx. 

The successful puncture is determined by urine 
dripping from the sheath after the needle stylet has been 
removed. The guidewire is then passed through the sheath 
and coiled in the collecting system. Following a dilation 
of desired diameter, a small nephrostomy tube (6-12 F) 
may then be placed over the guidewire if only simple renal 
drainage is desired. But when a more invasive procedure is 
planned, dilation with either serial or balloon dilators may 
be performed to obtain a tract 24-30 F in diameter. 


Endoscopic Intrarenal Instrumentation 


Nephroscopes are instruments that are inserted 
percutaneously through a nephrostomy tract. Standard 
rigid instruments are 19.5-26 F in diameter and have 
rod lenses or fiber optic imaging with offset eyepieces. 
Endoscopic lithotripsy is performed by applying a lithotrite 
through the central working channel. Available instruments 
include mechanical graspers and various lithotrites (e.g. 
holmium laser, electrohydraulic, hollow-core ultrasonic 
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or lithotriptors) and are complementary to the endoscope 
as long as they pass through the central channel. 
Actively deflectable, flexible nephroscopes are also used 
percutaneously through nephrostomy tracts. They are 
used to access calculi in calyces that cannot be reached by 
the rigid instruments and frequently can be deflected into 
most of the intrarenal collecting system. 


Indications of Percutaneous Treatment of Renal Stones 


The indications for percutaneous treatment include: 

e Stones that are larger than 2.5 cm (e.g. staghorn calculi) 

e Calculi not amenable to extracorporeal shockwave 
lithotripsy or ureterorenoscopy 

e Infected stones, e.g. staghorn calculi 

e Lower caliceal stones 

During the PCNL, smaller mobile stones are removed 
via graspers, forceps, or wire baskets and the large dense 
stones are fragmented using ultrasonic, electrohydraulic, 
laser, or pneumatic energy. The ultrasonic techniques 
are preferred because they allow for stone fragmentation 
with simultaneous in-line suction through a hollow 
cylindrical probe that continuously removes sand and 
small fragments. Laser lithotriptors such as the holmium: 
YAG laser (Holmium yttrium-aluminum-garnet laser) is 
particularly powerful and also may be used with flexible 
endoscopes that can access more of the collecting system 
but without simultaneous suction to clear debris. 

Sterile warm isotonic sodium chloride solution used as 
irrigation during all percutaneous endoscopic treatments 
and if significant fluid absorption is suspected, then 
diuretics [e.g. mannitol, furosemide (Lasix)] should be 
administered intraoperatively. 

On completion of the procedure, a nephrostomy 
tube should be placed through the tract. The drainage 
tubes may include Foley’s catheters or regular Malecot 
drainage catheters. 

Percutaneous nephrolithotomy has a success rate of 
as high as 98-99%. But, as the size of the stone burden 
increases, the stone-free rate with a single session drops. 
Multiple nephrostomy access tracts may be required for 
large stone burdens. In large stone the repeated or staged 
surgery often is performed 36-48 hours following the 
initial procedure, after any bleeding has subsided and 
endoscopic visibility has improved. 


POSTOPERATIVE CARE 


It is mandatory that following percutaneous endoscopic 
proceduresurinary drainage beensuredwithanephrostomy 
drainage catheter and on occasion, an additional internal 


ureteral stent. The bleeding from venous sinus or access 
tract bleeding can be minimized with the tamponading 
nature of a large-caliber nephrostomy tube. When a staged 
endoscopic procedure is anticipated and a mature straight 
nephrostomy tract is required, then a re-entry Malecot 
that combines a nephrostomy with a short ureteral stent is 
often used. 

The patients should be monitored for bleeding, 
especially in the recovery room. When there is significant 
bleeding occurred the hematocrit should be checked 
and the patient should be appropriately resuscitated. 
Such bleeding can often be controlled postoperatively 
by clamping the nephrostomy tube for a short period in 
the recovery room and the simultaneous administration 
of diuretics (e.g. mannitol, Lasix) and intravenous fluid 
increases the intraluminal collecting system pressure. 
When the bleeding is venous in origin, this maneuver 
stops if once the intrarenal pressure exceeds central 
venous pressure. The use of vigorous attempts at catheter 
irrigation in the immediate postoperative period only 
lead to blood loss and should be avoided, for the risk of 
further bleeding." 

X-ray chest should be part of the routine postoperative 
management due to the risk of a pleural tear or 
perforation when supracostal percutaneous access is 
obtained and when a pneumothorax or hydrothorax 
is present, pleurocentesis or placement of a small- 
diameter thoracostomy tube may be required. The broad 
spectrum prophylactic antibiotics routinely are continued 
postoperatively until all tubes are removed and all 
puncture sites are healed. 


COMPLICATIONS 


The complications with PCN are usually minor in nature. 
Extensive endoscopic maneuvers may be associated with 
significant complications. 


Bleeding Requiring Transfusion (< 5%) 


Intraoperative bleeding may result from traumatized renal 
parenchyma or injury to a perinephric vessel and they 
are best managed by immediate tamponade. Placement 
of large nephrostomy tube is effective. In more severe 
bleeding, angiography with embolization or open surgery 
is needed (< 0.1%).?° 


Perforation of the Collecting System (20-30%) 


If the bleeding is not significant the injury heals 
spontaneously by 24-48 hours, as the urothelium 
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seals the defect provided that the collecting system is 
adequately drained. 


Pneumothorax (< 5%) 


Some times associated with a supracostal approach, 
a pleural injury usually results in a hydrothorax and, 
infrequently, pneumothorax and may demand a 
thoracentesis, or chest-tube placement and drainage for 
48 hours. Chest radiography is recommended following all 
percutaneous procedures in the recovery room. 


Sepsis (< 1%) 


Higher rates are noted in those with an infected stone 
burden. Parenteral antibiotics and nephrostomy drainage 
are required. Usually, a penicillin-derivative antibiotic 
and an aminoglycoside are used in combination for initial 
broad-spectrum coverage. 


Adjacent Organ Injury (< 1%) 


Inadvertent injury may occur to the liver, spleen, 
duodenum, colon and adjacent structures. The colonic 
injury is the most common of these and occurs when the 
nephrostomy is passed through a redundant portion of the 
colon before entering the kidney. Management of colonic 
injury, may include repositioning the nephrostomy 
catheter back until it is in the colon (i.e. colostomy tube) 
and placing a retrograde ureteral stent or catheter to drain 
the PCS. Colostomy may not be required in most cases and 
is reserved only for clinical peritonitis. 


Contrast Reactions (< 0.2%) 


If a problem is anticipated, preoperative steroids (e.g. 
prednisone) should be administered. If a reaction develops, 
treatment includes termination of the examination, 
antihistamines, steroids, H, and H, blockers, plus 
epinephrine, if needed.'** 


Leakage from Around a Nephrostomy Tube 


Usually, this indicates some type of blockage. Tube 
compression or acute bending is more likely with a 
nephrostomy tube that is too narrow or too soft. Sometimes 
irrigation of the tube usually does not provide a permanent 
solution, and replacement with a stiffer and/or larger tube 
is recommended and usually solves the problem.” 


FUTURE AND CONTROVERSIES 


Applications of percutaneous endoscopic renal surgery 
continue to expand. Further advances that minimize 
morbidity and improve accuracy of percutaneous access 
are areas ofcurrent study. The future investigation involving 
new real-time imaging modalities, bioimpedance-based 
access needles and robotic interface systems may ensure 
increased accuracy. All these and other innovations will 
continue to develop and shape the field of percutaneous 
endourology well into the 21st century.” 


REFERENCES 


1. Goodwin WE, Casey WC, Woolf W. Percutaneous trocar 
(needle) nephrostomy in hydronephrosis. J Am Med Assoc. 
1955;157(11):891-4. 

2. PremingerGM, Assimos DG, LingemanJE, etal. Chapter 1: AUA 
guideline on management of staghorn calculi: diagnosis and 
treatment recommendations. J Urol. 2005;173(6):1991-2000. 

3. Gill IS, Desai MM, Kaouk JH, et al. Percutaneous 
endopyeloplasty: description of new technique. J Urol. 
2002;168(5):2097-102. 

4. Desai MM, Desai MR, Gill IS. Endopyeloplasty versus 
endopyelotomy versus laparoscopic pyeloplasty for 
primary ureteropelvic junction obstruction. Urology. 
2004;64(1):16-21. 

5. Grasso MG, Taylor F. Techniques for percutaneous renal 
access. In: Sosa RE, Albala DM, Jenkins AD, Perlmutter 
AP (Eds). Textbook of Endourology. Philadelphia: WB 
Saunders; 1996.pp. 99-114. 

6. Kirkali Z, Tuzel E. Transitional cell carcinoma of the ureter 
and renal pelvis. Crit Rev Oncol Hematol. 2003;47(2):155-69. 

7. Whitaker RH. An evaluation of 170 diagnostic pressure flow 
studies of the upper urinary tract. J Urol. 1979;121(5):602-4. 

8. LeRoy AJ, Williams HJ Jr, Bender CE, et al. Colon perforation 
following percutaneous nephrostomy and renal calculus 
removal. Radiology. 1985;155(1):83-5. 

9. Watterson JD, Soon S, Jana K. Access related complications 

during percutaneous nephrolithotomy: urology versus 

radiology at a single academic institution. J Urol. 2006; 

176(1):142-5. 

Smith AD. Management of iatrogenic ureteral strictures 

after urological procedures. J Urol. 1988;140(6):1372-4. 

Tan BJ, Smith AD. Ureteropelvic junction obstruction repair: 

when, how, what? Curr Opin Urol. 2004;14(2):55-9. 

Feng MI, Tamaddon K, Mikhail A, et al. Prospective 

randomized study of various techniques of percutaneous 

nephrolithotomy. Urology. 2001;58(3):345-50. 


11; 


12. 


13, 


14. 


15; 


16. 


17. 


18. 


Chapter 89 Percutaneous Endourological Procedures 


Knudsen BE, Cook AJ, Watterson JD, et al. Percutaneous 
antegrade endopyelotomy: long-term results from one 
institution. Urology. 2004;63(2):230-4. 

Segura JW, Preminger GM, Assimos DG, etal. Nephrolithiasis 
Clinical Guidelines Panel summary report on the 
management of staghorn calculi. The American Urological 
Association Nephrolithiasis Clinical Guidelines Panel. 
J Urol. 1994;151(6):1648-51. 

Alken P, Hutschenreiter G, Günther R, et al. Percutaneous 
stone manipulation. J Urol. 1981;125(4):463-6. 

Jackman SV, Docimo SG, Cadeddu JA, et al. The “mini- 
perc” technique: a less invasive alternative to percutaneous 
nephrolithotomy. World J Urol. 1998;16(6):371-4. 

Blandy JP, Singh M. The case for a more aggressive approach 
to staghorn stones. J Urol. 1976;115(5):505-6. 

Clayman RV, Castaneda-Zuniga WR. Rigid and flexible 
nephroscopy. Techniques in Endourology: A Guide to 


19. 


20. 


21. 


22. 


23. 


the Percutaneous Removal of Renal and Ureteral Calculi. 
Chicago III: Yearbook Medical Publishers; 1984.p.153. 
Clayman RV, Kavoussi LR. Endosurgical techniques for 
noncalculous disease. In: Walsh PC, Retik AB, Stamey 
TA, Vaughan ED (Eds). Campbell’s Urology, 6th edn. 
Philadelphia: WB Saunders; 1992.p.2231. 

Limb J, Bellman GC. Tubeless percutaneous renal surgery: 
review of first 112 patients. Urology. 2002;59(4):527-31. 
Sung YM, Choo SW, JeonSS, etal. The “mini-perc” technique of 
percutaneous nephrolithotomy with a 14-Fr peel-away sheath: 
3-year results in 72 patients. Korean J Radiol. 2006;7(1):50-6. 
Murphy DP, Gill IS, Streem SB. Evolving management of 
upper-tract transitional-cell carcinoma at a tertiary-care 
center. J Endourol. 2002;16(7):483-7. 

Winfield HW, Clayman RV. Complications of percutaneous 
removal of renal and ureteral calculi. Part I. World Urology 
Update Series. 1985;2:Lesson 37. 


579 


Section 


1 2 Benign Prostatic 
Disease 


e Benign Prostatic Hyperplasia 


Chapter 


90 


PRELUDE 


The benign prostatic hyperplasia (BPH) is a condition 
intimately related to aging and its clinical manifestation as 
lower urinary tract symptoms (LUTS) reduces the patient's 
quality of life (QOL). Troublesome LUTS can occur in up 
to 30% of men older than 65 years of age. Benign prostatic 
hyperplasia, also known as benign prostatic hypertrophy, 
is a histological diagnosis characterized by proliferation of 
the cellular elements of the prostate.'® 

The voiding dysfunction that results from prostate 
gland enlargement and bladder outlet obstruction (BOO) 
is termed as “lower urinary tract symptoms.” Previously 
it has also been commonly referred to as prostatism, 
although this term has decreased in popularity. These 
entities overlap; not all men with BPH have LUTS, and 
likewise, not all men with LUTS have BPH. 

The clinical manifestations of LUTS include urinary 
frequency, urgency, nocturia (getting up at night during 
sleep to urinate), decreased or intermittent force of stream, 
or a sensation of incomplete emptying. The complications 
occur less commonly but may include acute urinary 
retention (AUR), impaired bladder emptying, or the need 
for corrective surgery.** 


PATHOPHYSIOLOGY 


Prostate is a walnut-sized gland that forms part of the male 
reproductive system and is located in front of the rectum 
and just below the urinary bladder. It is in continuum with 
the urinary tract and connects directly with the penile 
urethra. It is therefore a conduit between the bladder and 
the urethra (Fig. 90.1). The prostate gland is composed 
of several zones, the peripheral, central, anterior 
fibromuscular stroma and transition zones and all zones 
are enclosed by an outer layer of tissue, the capsule. The 
BPH originates in the transition zone, which surrounds 
the urethra. 


Benign Prostatic Hyperplasia 


The BPH is characterized as a hyperplastic process and 
the hyperplasia results in enlargement of the prostate that 
may restrict the flow of urine from the bladder, resulting in 
clinical manifestations of BPH. Prostate enlarges with age 
and the growth is testerone dependent and in castrated 
males (i.e. who are unable to make testosterone) do not 
develop BPH.”* 

The cellular accumulation and gland enlargement 
may result from epithelial and stromal proliferation, 
impaired preprogrammed cell death (apoptosis), or both. 
The BPH involves the stromal and epithelial elements of 
the prostate arising in the periurethral and transition 
zones of the gland. Hyperplasia presumably results in 
enlargement of the prostate that may restrict the flow of 
urine from the bladder. 

The BPH is considered as a normal part of the 
aging process in men and is hormonally dependent on 
testosterone and dihydrotestosterone (DHT) production. 
About 50% of men demonstrate histopathological BPH by 
the age of 60 years and increases to 90% by the age of 85 
years; thus, increasing gland size is considered as a normal 
part of the aging process. 


Bladder 


Seminal vesicles 
(which pass sperm 
into the urethra 
during orgasm) 


Prostate gland 
(which produces 
a fluid that forms 

part of the semen) 


Verumontanum 


A. \ 


Fig. 90.1: Male urinary tract showing the prostate gland 
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Traditional theory behind BPH is that, as the prostate 
enlarges, the surrounding capsule prevents it from radially 
expanding, potentially resulting in urethral compression, 
bladder dysfunction and obstructive LUTS. Bladder wall 
becomes thickened, trabeculated and irritable, when it is 
forced to hypertrophy, and increases its own contractile 
force. The increased sensitivity (detrusor instability), even 
with small volumes of urine in the bladder, is believed to 
contribute to urinary frequency and LUTS. Bladder may 
gradually weaken and lose the ability to empty completely, 
leading to increased residual urine volume and possibly, 
acute or chronic urinary retention.**® 

The main function of the prostate gland is primarily 
secretory and it produces alkaline fluid that comprises 
approximately 70% of the seminal volume. Alkaline fluid in 
the ejaculate results in liquefaction and helps to neutralize 
the acidic vaginal environment. Prostatic urethra is a 
conduit for semen and prevents retrograde ejaculation 
(i.e. ejaculation resulting in semen being forced backwards 
into the bladder) by closing off the bladder neck during 
sexual climax. The ejaculation involves a coordinated 
contraction of many different components including the 
smooth-muscles of the seminal vesicles, vasa deferentia, 
ejaculatory ducts and the ischiocavernosus and bulbo- 
cavernosus muscles. 

The prevalence of BPH in white and African-American 
men is similar. However, BPH tends to be more severe and 
progressive in African-American men, possibly because 
of higher testosterone levels, 5-alpha-reductase activity, 
androgen receptor expression and growth factor activity in 
this population. The increased activity leads to anincreased 
rate of prostatic hyperplasia and subsequent enlargement 
and its sequelae. Benign prostatic hyperplasia occurs only 
in males. Women do not have prostate glands. 

Benign prostatic hyperplasia is a common problem 
that affects the QOL in approximately one-third of men 
older than 50 years and this is histologically evident in up 
to 90% of men by the age of 85 years. The prostate volume 
may increase over time in men with BPH. In addition, peak 
urinary flow, voided volume and symptoms may worsen 
over time in men with untreated BPH. Risk of AUR and the 
need for corrective surgery increases with age.'* 


PRESENTATION OF BENIGN PROSTATIC 
HYPERPLASIA 


Diagnosis of BPH can often be suggested based on history 
alone. The special attention to the onset and duration of 
symptoms, general health issues (including sexual history), 
fitness for any possible surgical intervention, severity of 
symptoms, and how they are affecting QOL, medications 
and previously attempted treatments, is essential to make 


the correct diagnosis. The symptoms often attributed 

to BPH can be caused by other disease processes, and a 

history and physical examination are essential in ruling 

out other etiologies of LUTS. Epidemiologic studies have 
identified LUTS as an independent risk factor for erectile 
dysfunction and ejaculatory dysfunction. 

If the prostate enlarges, it may act similar to a clamp on 

a hose pipe, constricting the flow of urine. The autonomic 

nerves within the prostate, prostatic urethra and bladder 

may also play a role in causing the following common 
symptoms: 

e Urinary frequency: It is the need to urinate frequently 
during the day or night (nocturia), usually voiding only 
small amounts of urine with each episode. 

e Urinary urgency: Itis the sudden urgent need to urinate 
quickly owing to the sensation of imminent loss of 
urine without control. 

e Hesitancy includes: 

— Difficulty initiating the urinary stream 
— Interrupted and weak stream 

e Incomplete bladder emptying: It is the feeling of 
persistent residual urine, regardless of the frequency 
of urination. 

e Straining: It is the needed strain or push (Valsalva 
maneuver) to initiate and maintain urination in order 
to more fully evacuate the bladder. 

e Poor flow or decreased force of stream: It indicates the 
subjective loss of force of the urinary stream over time. 

e Postmicturition dribbling: It represents the loss of small 
amounts of urine due to a poor urinary stream. 


INTERNATIONAL PROSTATE SYMPTOM 
SCORE INDEX 


International prostate symptom score (IPSS) was 
originally based on the American Urological Association 
seven-item-symptom score (AUA-7) (Table 90.1). Another 
parameter “quality of life’ question was added by the 
World Health Organization when it was adopted by the 
International Consensus Committee as an international 
questionnaire for evaluating prostatic symptoms. The IPSS 
index is the most common symptom score index used by 
physicians to quantify the subjective symptoms associated 
with BPH. The specific symptoms are graded and a total 
score is calculated reflecting the severity of the symptoms. 
Treatment decisions are based on this score.** 


Physical Examination 


The abdomen should be examined, particularly the 
suprapubic area for signs of bladder distention, and 
a neurological examination for sensory and motor 


Chapter 90 Benign Prostatic Hyperplasia 


Table 90.1: International Prostate Symptom Score 


Less than 
1 timein5 


Not at all 


Incomplete emptying 


Over the past month, how often have you 
had a sensation of not emptying your blad- 
der completely after you finish urinating? 


Frequency 


Over the past month, how often have you 
had to urinate again less than 2 hours after 
you finished urinating? 


Intermittency 


Over the past month, how often have you 
found you stopped and started again sev- 
eral times when you urinated? 


Urgency 


Over the last month, how difficult have you 
found it to postpone urination? 


Weak stream 


Over the past month, how often have you 
had a weak urinary stream? 


Straining 


Over the past month, how often have you 
had to push or strain to begin urination? 


Nocturia 


Over the past month, how many times did 
you typically get up to urinate from the 
time you went to bed until the time you 
got up in the morning? 


Total IPSS score 


Quality of life due to urinary symptoms Delighted Pleased 


If you were to spend the rest of your life 
with your urinary condition the way it is 
now, how would you feel about that? 


Date 


About half the 
time 


Your 
score 


Almost 
always 


More than 
half the 
time 


Less than 
half the time 


Your 
score 


5 times or 
more 


Mixed-about 
equally 
satisfied and 
dissatisfied 


3 


Mostly 
satisfied 


Mostly 
dissatisfied 


Unhappy Terrible 


Total score: 0-7 mildly symptomatic; 8-19 moderately symptomatic; 20-35 severely symptomatic 


deficits should be performed. Digital rectal examination 
(DRE) is an integral part of the evaluation in men with 
presumed BPH. 

Digital rectal examination can provide information 
on, prostate size and contour can be assessed, nodules 
can be evaluated, and areas suggestive of malignancy can 


be detected. Normal prostate volume in a young adult 
male is approximately 20 gm. More precise volumetric 
determination can be made using transrectal ultrasound 
(TRUS) examination of the prostate. Anal sphincter tone 
or lack of it may indicate an underlying neurological 
disorder. Generally, an estimation of the number of index 
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finger pads that one can sweep over the rectal surface of 
the prostate during DRE is a useful way to estimated gland 
size. 

In clinical practice, most prostate cancers are located 
in the peripheral zone of the prostate and may be detected 
by DRE when the volume is about 0.2 mL or larger. A 
suspected nodule on prostate in DRE is an absolute 
indication for prostate biopsy. In about 18% of all patients, 
prostrate cancer is detected by a suspected DRE alone, 
irrespective of the prostate specific antigen (PSA) level. 
Suspected nodule on DRE in patients with a PSA level of 
up to 2 ng/mL has a positive predictive value of 5-30%. 

It has been estimated that approximately each finger 
breadth correlates to approximately 15 gm of prostate 
tissue. For example, one can report the prostate size as 
“3 fingerbreadths wide” which means 3 cm (one finger 
breadth = 1 cm width) if multiplied by 15 then the size of 
the prostate is about (3 x 15 = 45) 45 gm when charting in 
the medical record or communicating with a colleague. 
Digital rectal examination also can offer information in 
addition to pelvic floor tone, the presence or absence of 
fluctuation as it may occur in prostatic abscess.*® 


Differential Diagnoses 


The differential diagnoses of BPH, in which BOO must be 

differentiated from LUTS, include the following: 

e Cystitis 

e Prostatitis 

e Prostatodynia 

e Prostatic abscess 

e Overactive bladder (OAB) 

e Carcinoma of the bladder 

e Foreign bodies in the bladder (stones or retained 
stents) 

e Urethral stricture due to trauma or a sexually 
transmitted disease 

e Prostate cancer 

e Neurogenic bladder 

e Pelvic floor dysfunction. 
Excluding these entities based on findings from a 

thorough history and appropriately directed diagnostic 

studies are essential. 


WORK-UP 
Laboratory Studies 
Urinalysis 


Urine should be examined using dipstick methods and/ 
or via centrifuged sediment evaluation to assess for the 
presence of blood, leukocytes, bacteria, protein or glucose. 


Urine Culture 


Urine culture and sensitivity may be useful to exclude 
infectious causes of irritative voiding and is usually 
performed if the initial urinalysis findings indicate 
an abnormality. 


Prostate Specific Antigen 


Although BPH does not cause prostate cancer, men at risk 
for BPH are also at risk for prostate cancer and should 
be screened accordingly. The American cancer society 
recommends that annual PSA testing and DRE for prostate 
cancer screening must be offered at the following ages: 
e Starting at the age of 50 years in men, who are expected 
to live at least 10 more years 
e Starting at the age of 45 years in men at high-risk for 
prostate cancer (African-Americans and men with a 
close relative with prostate cancer) 
e Starting at the age of 40 years in men with multiple 
close relatives with prostate cancer. 
A physician should discuss the risks and benefits of 
PSA screening with the patient. Notably, men with larger 
prostates may have slightly higher PSA levels. 


Serum Creatinine and Electrolyte 


Blood test for electrolytes and creatinine is useful screening 
tool for chronic renal insufficiency in patients who have 
high postvoid residual (PVR) urine volumes. Routine 
serum creatinine measurement may disclose a man with 
LUTS secondary to BPH also having renal insufficiency. 
Serum electrolyte may become an important test in a 
chronically ill patient. 


IMAGING STUDIES 


As a bed side test the ultrasonography is particularly useful 
for determining bladder and prostate size, and the degree 
of hydronephrosis in patients with urinary retention or 
signs of renal insufficiency. 

Abdominalultrasoundcan measure the postmicturition 
volume which may represent the degree of detrusor failure. 
For example, if the postvoid residue is over 300 mL, then the 
interpretation may be that the detrusor is too weak to expel 
the content out of the body. When the bladder muscle is 
too thin, it may represent the weak bladder. Urodynamic 
definition of these conditions may be called as detrusor 
hyporeflexia or detrusor areflexia, and clinically it may be 
defined as weak bladder or atonic bladder, respectively. 

On the other hand, if the bladder wall is too thick 
and the maximum cystometric capacity is smaller than 
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normal, then the situation may result from a hyper-reflexic 
neuropathic bladder. 

Transrectal ultrasound of the prostate is recommended 
in selected patients. Patients with elevated PSA levels, 
TRUS-guided biopsy may be indicated. The imaging of 
the upper tracts is indicated in patients who are present 
with concomitant hematuria, a history of urolithiasis, an 
elevated creatinine level, high PVR volume, or history 
of upper urinary tract infection. Advanced imaging 
studies, such as CT scanning and MRI, have no role in the 
evaluation and treatment of uncomplicated BPH. 


Flow Rate 


The flow rate is useful in the initial assessment and to 
help determine the response to treatment and may be 
performed prior to embarking on any active treatments 
including medical treatment. 

On assessment with uroflowmetery, a maximal flow 
rate (Q a is the single best measurement, but a low Qmax 
does not help differentiate between obstruction and poor 
bladder contractility. To clarify the condition, a pressure 
flow study is required. Maximum flow rate or Qmax value 
of greater than 15 mL/second is considered to be normal 
and value of less than 7 mL/second is widely accepted as 
low flow and consistent with outflow obstruction. 

Flow rate of an individual is volume-dependent; 
therefore, the best plan to make a reasonable determination 
of significance is to obtain at least two tracings with at least 
150 mL of voided volume each time. 


Postvoid Residual Urine 


Postvoid residual urine volume may be obtained invasively 
with a catheter or noninvasively with a transabdominal 
ultrasonic scanner. This evaluation is important in order 
to gauge the severity of bladder decompensation. Postvoid 
residual urine volume of 300 mL or over is called as chronic 
urinary retention and may indicate bladder dysfunction 
and may predict a negative response to treatment. 


Ultrasound Cystodynamics 


This study is a simple combination of ultrasound scan 
of urinary tract and uroflowmetry done simultaneously. 
The ultrasound evaluation will evaluate the upper tract 
and lower urinary tract which may include the detection 
of any filling defect, measuring maximum bladder 
capacity, postvoid residue and bladder mass. Data 
obtained by ultrasound when combined with the result of 
uroflowmetry, most practical clinical decision about the 


patient can be made. This test is simple, practical, cost- 
effective and offer reproducible results. 


Urodynamic Studies 


These tests are somewhat invasive but sometimes it 
provides invaluable data for a correct management. The 
urodynamic studies are the only way to help distinguish 
poor bladder contraction ability (detrusor under activity) 
from outlet obstruction. Bladder outlet obstruction is 
characterized by high intravesical voiding pressures (> 60 
cm water) accompanied by low urine flow rates (Qmax < 
15 mL/second). 


Urine Cytology 


The urine cytology should be considered in patients 
with predominantly irritative voiding symptoms. Risk 
factors for bladder cancer (history of smoking, previous 
bladder cancer) should alert the physician to consider this 
noninvasive test. Transitional cell carcinoma with ca in 
situ is best diagnosed by urine cytology. 


Endoscopy of the Lower Urinary Tract (Cystoscopy) 


Cystoscopy sometimes become invaluable to confirm the 
physical obstruction caused by prostate in a small number 
of cases where patients are having very high obstructive 
symptoms score but the Qmax is normal. Cystoscopy 
may also be indicated in patients scheduled for invasive 
treatment or in whom a foreign body or malignancy, 
urethral stricture is suspected. The flexible cystoscopy can 
be easily performed in several minutes in an office-based 
setting using topical gel-based intraurethral anesthesia 
without sedation. 


HISTOLOGICAL FINDINGS 


The BPH is characterized by a varying combination 
of epithelial and stromal hyperplasia in the prostate 
and some cases demonstrate an almost pure smooth- 
muscle proliferation, although most demonstrate a fibro 
adenomyomatous pattern of hyperplasia. The enlargement 
of the prostate depends on the potent androgen DHT. In 
the prostate gland, type-II 5-alpha-reductase metabolizes 
circulating testosterone into DHT (works locally, not 
systemically). Dihydrotesterone binds to androgen 
receptors in the cell nuclei, potentially resulting in BPH. 
Alpha-l-adrenergic receptors are located in the 
smooth-muscle of the stroma and capsule of the prostate, 
as well as in the bladder neck. The stimulation of these 
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receptors causes an increase in smooth-muscle tone, 
which can worsen LUTS. Blockade of these receptors can 
reversibly relax these muscles, with subsequent relief of 
LUTS. 

Biopsy specimens of trabeculated bladders 
demonstrate evidence of scarce smooth-muscle fibers 
with an increase in collagen which is responsible for the 
reduced compliance, leading to higher bladder pressures 
upon filling and also limits shortening of adjacent smooth- 
muscle cells, leading to impaired emptying and the 
development of residual urine. 


STAGING OF BENIGN PROSTATIC HYPERPLASIA 


With the better understanding of the natural history of 
BPH, recent advances in ultrasound and the many new 
modalities of treatment, the assessment of BPH has 
undergone rapid changes in the past few years. A system 
of staging of patients with BPH, to assist in the tailoring of 
treatment to the severity of the disease is proposed.*® 

The initial assessment consists of the IPSS and the QOL 
Index, DRE, urinalysis, PSA estimation and subsequently, 
assessment with ultrasound of the urinary system, and 
estimation of residual urine and uroflowmetry is done at 
the same sitting.® 

Patients with no bothersome symptoms and no 
significant obstruction are classified as: 
Stage I: Very low IPSS. Only watchful waiting (WW) is 
required. 
Stage II: Significant bothersome symptoms, but no 
significant obstruction and they can be treated with 
pharmacotherapy. 
Stage III: Patients presents with significant residual urine 
of more than 100 mL, generally with a maximum flow rate 
of less than 10 mL. This group of patients would be advised 
TURP. 
Stage IV: Patients with complications such as retention of 
urine, bladder stone and recurrent urinary infection; they 
would be strongly advised to have TURP. 

With the proper assessment and staging, it is hoped 
that patients with BPH will not be over or undertreated, 
and treatment outcome will be improved.*! 


Stage | 


Watchful Waiting 


Lots of men with LUTS do not complain of high levels of 
bother and so are suitable for nonmedical nonsurgical 
management, a policy of care that has been called 
watchful waiting (WW) and it may include the following 
components: education, reassurance, periodic monitoring 


and lifestyle advice. The WW is a viable option for many 
men. Similarly, some men’s symptoms may improve 
spontaneously whilst others remain stable for many years. 


Patient's Selection 


All men with LUTS should be formally assessed prior 

to the starting of any form of management in order 

to identify those with complications that may benefit 

from intervention therapy. Men with mild-to-moderate 

uncomplicated LUTS who are not too bothered by their 

symptoms are suitable for a trial of WW. 

Change of lifestyle: 

e Optimization of fluid to a total daily fluid intake of 
1,500 mL 

e Bladder retraining program to hold urine for about 4 
hours 

e Avoidance of caffeine and alcohol may have a diuretic 

e Use of relaxed and double-voiding techniques. 


Stage Il 


Patients with bothersome symptoms, but not improved 
with lifestyle modifications and no significant obstruction, 
can be treated with pharmacotherapy in the first instance. 
Therapeutic options for BPH have evolved significantly 
over the last 3 decades, giving rise to the receptor-specific 
alpha-blockers that comprise the first line of therapy. 


Alpha-Adrenergic Receptor Blocking Agents 


Lower urinary tract symptoms secondary to BPH is 
believed to be related to the smooth-muscle tension in 
the prostate stroma, urethra and bladder neck. Smooth- 
muscle tension is mediated by the alpha-1-adrenergic 
receptors; therefore, alpha-adrenergic receptor blocking 
agents should theoretically decrease resistance along the 
bladder neck, prostate and urethra by relaxing the smooth- 
muscle and allowing passage of urine. 

There are three subtypes of the alpha-1 receptor 
which includes 1A, 1B and 1C. Out of these, the alpha-1A 
receptor is most specifically concentrated in the bladder 
neck and prostate. The alpha-1A subtype is predominant 
in the prostate, bladder neck and urethra, but not in 
other tissues, drugs that are selective for this receptor (i.e. 
tamsulosin) may have a potential therapeutic advantage. 

The tamsulosin is considered as the most 
pharmacologically uroselective of the commercially 
available agents because of its highest relative affinity for 
the alpha-1A receptor subtype. A new alpha-1A receptor 
selective blocker, silodosin was approved for treatment of 
the signs and symptoms of BPH. 
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Terazosin is also very effective in symptomatic obstru- 
ctive BPH and the efficacy of alpha-blockers doxazosin 
and terazosin (Hytrin) is dose dependent. The maximum 
tolerable doses have not been defined for any alpha-blocker; 
however, the higher is the dose, the more likely will be the 
adverse events (orthostatic hypotension, dizziness, fatigue, 
ejaculatory disorder and nasal congestion). 


Rationale for 5-Alpha-Reductase Inhibitors in Benign 
Prostatic Hyperplasia 


The enlargement of the prostate depends on the potent 
androgen DHT and in the prostate gland, type-II 5-alpha- 
reductase metabolizes circulating testosterone into 
DHT (works locally, not systemically). The DHT binds to 
androgen receptors in the cell nuclei; this can result in BPH 
as DHT promotes growth of prostatic tissue. The inhibition 
of 5-alpha-reductase type-II blocks the conversion of 
testosterone to DHT, resulting in lower intraprostatic levels 
of DHT and this leads to inhibition of prostatic growth, 
apoptosis and involution. 

The product finasteride (Proscar, Prosfin, Pronor), a 
4-aza-steroid, has demonstrated 5-alpha type-II blocking 
activity, resulting in the inhibition of DHT-receptor 
complex formation and this effect causes a profound 
decrease in the concentration of DHT intraprostatically, 
resulting in a consistent decrease in prostate size. 

The product dutasteride (Avodart) has an affinity for 
both, type-I and type-II, 5-alpha-reductase receptors. 
The significance of blockage of type-I receptors is 
currently unknown. 

Use of finasteride and dutasteride actively reduce DHT 
levels by more than 80%, improve symptoms, reduce the 
incidence of urinary retention and decrease the likelihood 
of surgery for BPH. The adverse effects of the drug may 
include decreased libido, erectile dysfunction, ejaculation 
disorder. This is to be noted that both finasteride and 
dutasteride may reduce serum PSA values by as much as 
50%. The decrease in PSA is typically maximally achieved 
when the maximal decrease in prostatic volume is noted 
(6 months). Thus, one must take this into account when 
using PSA to screen for prostate cancer. These drugs 
interfere with the metabolism of testosterone, they are 
contraindicated in children and pregnant females." 


Rationale for Combination of Alpha-1-Receptor 
Blockade and 5-Alpha-Reductase Inhibitors in 
Benign Prostatic Hyperplasia 


The alpha-1-receptor blockers provide rapid relief, while 
the 5-alpha-reductase inhibitors target the underlying 
disease process. The medical therapy of prostatic symptoms 


(MTOPS) trial demonstrated that combination therapy 
reduced the risk of progression and showed a greater 
improvement in IPSS with combination therapy than 
with finasteride or doxazosin alone. The risks of AUR and 
BPH-related surgery were reduced with combination 
therapy or finasteride in comparison to doxazosin 
monotherapy." 


Treatment of Concomitant Overactive Bladder in Men with 
Benign Prostatic Hyperplasia 


Historically, anticholinergics were discouraged in men 
with BPH because of concerns of inducing urinary 
retention. Trials have demonstrated a slight increase 
in PVR; however, AUR rates were low. Importantly, 
these trials consisted of patients with low baseline PVR. 
Patients with symptomatic OAB, not relieved with alpha- 
1-blockers, may benefit from anticholinergic therapy. It is 
prudent to record the baseline PVR prior to initiation of 
anticholinergic therapy to assess for urinary retention. ™ ° 


Treatment of Concomitant Erectile Dysfunction 
in Men with Lower Urinary Tract Symptoms/Benign 
Prostatic Hyperplasia 


It is recommended to first establish the alpha-1 blocker 
dose before treating the erectile dysfunction. The 
medication used to treat erectile dysfunction should be 
titrated to the lowest effective dose. Furthermore, sildenafil 
doses of greater than 25 mg should not be taken within 
4 hours of any alpha-blocker. 

In addition, data suggest that sildenafil may improve 
mild-to-moderate LUTS. Nitric oxide may mediate 
relaxation of the prostatic urethra and/or bladder neck. 
The utility of phosphodiesterase inhibitors in the treatment 
of LUTS has yet to be defined."® 


Stage Ill 


Patients of BPH with significant obstruction are defined 
as patients with significant residual urine of more than 
100 mL, generally with a maximum flow rate of less than 
10 mL. This group of patients would be best treated by 
minimally intervention procedure.*° 

In December 1900, Sir Peter Freyer first performed 
a total extirpation of the prostate using a transvesical 
method at St Peter’s Hospital. Although he was not the 
first to do this, he certainly popularised this procedure. 
In 1912, he published his first 1000 cases in the BMJ. 
Remarkably, he only had a mortality of 3% in his last 200 
cases. Transvesical prostatectomy was first introduced by 
Sir Peter Freyer in early 20th century (Fig. 90.2). 
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In 1945, Dr Millin published a paper in “The Lancet” 
that introduced the retropubic approach to prostatectomy, 
the first alternative to the perineal approach promoted by 
American Surgeons (Fig. 90.3). 


OPEN PROSTATECTOMY 


Open prostatectomy is reserved for patients with very large 
prostates (> 150 gm), patients with concomitant bladder 
stones or bladder diverticula and patients who cannot be 
positioned for transurethral surgery. It involves the use 
of general/regional anesthesia and a lower abdominal 
incision. In this procedure the inner core of the prostate 
(adenoma), which represents the transition zone, is 
shelled out, thus leaving the peripheral zone behind. This 
may involve significant blood loss, resulting in transfusion. 
The open prostatectomy usually has an excellent outcome 
in terms of improvement of urinary flow and urinary 
symptoms. Recently, laparoscopic simple prostatectomy 
has been performed at a number of institutions and 
appears to be feasible but the experience to date with this 
procedure is limited.” 


Minimally Invasive Surgery for Benign 
Prostatic Hyperplasia 


The ultimate objective of minimally invasive treatment or 
BPH is to relive the obstruction caused by the obstructing 
bulk of the prostate of transition zone. Mechanical removal 
of the bulk of the tissue was previously done by traditional 
open operations. The minimally invasive surgery (MIS) 
performs the same objective but with minimum blood loss 
through the natural orifice of the urethra can be performed 
as an outpatient department procedure. To achieve 
this objective the highest level of technology involving 
precision based optical lens and telescope systems and 
different energy source like diathermy, laser, microwave 
and ultrasound technology are used. 

The procedures may include transurethral incision 
of prostate (TUIP), transurethral resection of prostate, 
trans urethral enucleation of prostate, laser ablation 
or enucleation of prostate, transurethral microwave 
thermotherapy, high intensity focused ultrasound, 
intraprostatic injection of Botox, etc.'*?! 

Since approximately 1923, Joseph McCarthy of New 
York made several significant improvements to cystosocpes 
and resectoscopes. Some of his first innovations include 
a foroblique lens system that widened the visual field 
considerably, an improved irrigating cystoscope, and a 
punch resectoscope, among just a few. However, his most 
sophisticated and well known of resectoscope, introduced 


in 1931, became one of the most important contributions 
for the endoscopic treatment of prostate disease. Referred 
to as the Stern-McCarthy scope (for its use of many 
principles established by Stern earlier), featured the 
latest in dual current units for cutting and coagulating 
(as advanced by Stern and Davis, among others). He 
was also one of the first in America to incorporate a 
non-conducting Bakelite sheath, and added a lever to 
move the electric-arc cutting loop (Fig. 90.4). 


TRANSURETHRAL RESECTION OF THE PROSTATE 


The transurethral resection of the prostate is considered 
the criterion standard for relieving BOO secondary to BPH 
(Fig. 90.5). Indications for surgical intervention include 
AUR, failed voiding trials, recurrent gross hematuria, 


Fig. 90.2: Sir Peter Freyer, introduced the transvesical 
prostatectomy 


Fig. 90.3: Terence Millin, introduced the retro pubic 
prostatectomy 
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Fig. 90.4: McCarthy, introduced modern resectoscope for 
transurethral resection 


Fig. 90.5: The transurethral resection of the prostate 
(Ref. mountnittany.org) 


urinary tract infection and renal insufficiency secondary 
to obstruction. Other indications to proceed with a 
surgical intervention include failure of medical therapy, 
a desire to terminate medical therapy, and/or financial 
constraints associated with medical therapy. The TURP 
carries a significant risk of morbidity (18%) and mortality 
risk (0.23%). 

The TURP may be performed with regional or general 
anesthesia and involves the placement of a working sheath 
in the urethra through which a hand-held device with an 
attached wire loop is placed. A high-energy electrical 
cutting current is run through the loop so that the loop 
can be used to shave away prostatic tissue. This device is 
usually attached to a video camera to provide vision for 
the surgeon.'*?! 


The complications of TURP may include bleeding 
and blood transfusion. The irrigating fluid may also be 
absorbed in significant quantities through veins that 
are cut open, with possible serious sequelae termed as 
“transurethral resection syndrome” (TUR syndrome). 

It also may induce stricture urethra which may be 
related to instrumentation of urethra or catheterization. 
As a result of TURP the bladder neck or the internal 
sphincter is removed with the prostate and as a result, 
when the individual ejaculates, this internal sphincteric 
mechanism cannot keep the bladder neck closed and 
resulting retrograde ejaculation. This resection may 
also result in a partial resection of the external urethral 
sphincteric mechanism. 

The nerves associated with erection run along the 
outer rim of the prostate, and the high-energy current 
and/or heat generated by such may damage these nerves, 
resulting in impotence.!*7! 


TRANSURETHRAL INCISION OF PROSTATE 


Transurethral incision of prostate is suitable for patients 
with small prostates and for patients unlikely to tolerate 
TURP well because of other medical conditions. It may be 
associated with less bleeding and fluid absorption than 
TURP and is also associated with a lower incidence of 
retrograde ejaculation and impotence than TURP.” 


Endoscopic Enucleation of the Prostate 


Holmium Laser Enucleation 


Holmium laser enucleation of the prostate (HoLEP) 
combined with mechanical morcellation represents the 
latest refinement of holmium:YAG surgical treatment 
for benign prostatic hyperplasia (BPH). Utilizing this 
technique, even the largest of glands can be effectively 
treated with minimal morbidity (Fig. 90.6A). 

The learning curve remains an obstacle, preventing 
more widespread adoption of this procedure. Concomitant 
bladder calculi, if present, are easily vaporized by the 
holmium laser at the time of HoLEP. Using this technique, 
even the largest of glands can be safely enucleated, 
with superior results when compared to the alternative 
approach of open simple prostatectomy. 


Plasma Kinetic Enucleation of the Prostate 
(Fig. 90.6B) 


Plasma kinetic enucleation of the prostate (PKEP) has 
been reported to be a new method for the transurethral 
management of benign prostatic hyperplasia (BPH). 
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Figs 90.6A to C: Technical modification of bipolar resectoscopes (A) Gyrus with neutral electrode proximal to loop; (B) Storz with neutral 
electrode opposite to loop; (C) Olympus using the sheath as neutral electrode (By Prof Jens Rassweiler and Prof Dr Jean De La Rosette) 


Transurethral Enucleation with Bipolar (Fig. 90.6C) 


In recent years, transurethral enucleation with bipolar 
(TUEB) electrodes, have been developed to minimize 
surgical complications such as TURP syndrome, obturator 
nerve reflex and hemorrhage. Application of the TUEB 
procedure to clinical cases has only recently started. A 
case of fatal gas embolism occurring during TUEB has 
been reported, which might have been induced by gas 
generated from the electrode. 


Potassium-Titanyl-Phosphate or Holmium Laser 
Treatment of Benign Prostatic Hyperplasia 


The lasers deliver heat to the prostate in various ways 
and causing tissue death by coagulative necrosis, 
with subsequent tissue contraction; however, laser 
coagulation of the prostate in this specific sense has met 
with limited results. The lasers have also been used to 
directly evaporate, or to melt away prostate tissue, which 
is more effective than laser coagulation (Fig. 90.7). The 
photoselective vaporization of the prostate produces a 


beam that does not directly come into contact with the 
prostate; rather, it delivers heat energy into the prostate, 
resulting in destruction/ablation of the prostate tissue 
(Fig. 90.8). The Potassium-titanyl-phosphate (KTP) and 
holmium lasers are used to cut and/or enucleate the 
prostate, similar to the TURP technique. These are widely 
used laser techniques.'*?! 

The transurethral vaporization/ablation with the KTP 
or holmium laser can be performed with general or spinal 
anesthesia and can be performed in an outpatient setting. 
The catheter time usually lasts less than 24 hours. Recent 
studies suggest that photo selective vaporization of the 
prostate can significantly improve and sustain symptomatic 
and urodynamic outcomes. This procedure has been 
quite useful in patients who require anticoagulation 
(blood thinning) for various medical conditions, since 
anticoagulation does not need to be interrupted for this 
procedure, thus further decreasing patient risk. 

The lasers may be used in a knifelike fashion to directly 
cut away prostate tissue (i.e. holmium laser enucleation of 
the prostate), similar to a TURP procedure. Holmium YAG 
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Fig. 90.7: Laser unit for the treatment of benign prostatic 
hyperplasia (medwow.com) 


laser allows for simultaneous cutting and coagulation, 
making it quite useful for prostate resection. Current studies 
demonstrate that laser enucleation of the prostate is a safe 
and effective procedure for the treatment of symptomatic 
BPH, regardless of prostate size, with low morbidity and 
short hospital stay. Transurethral resection syndrome is 
not seen with this technique, because isosmotic saline 
is used for irrigation. Additionally, removed prostatic 
tissue is available for histological evaluation, whereas 
vaporization/ablation technique does not provide tissue 
for evaluation. Holmium laser enucleation of the prostate 
may prove to be the new criterion standard for surgical 
management of BPH. 

Treatment with laser usually results in decreased 
bleeding, fluid absorption, length of hospital stay, and 
decreased incidence of impotence and retrograde 
ejaculation when compared with standard TURP. More- 
over, because treating tissue with a laser involves a time 
interval during which dead cells slough and healing 
follows, patients may experience urinary urgency or 
irritation, resulting in frequent or uncomfortable urination 
for a few weeks. 

The KTP or holmium are designed to cut and vaporize 
at extremely high temperatures and they usually bring 
about more relief of urinary symptoms than treatment 
with medicines, but not always as much as is provided 
with TURP. However, KTP laser vaporization and holmium 
laser enucleation yield results that rival those of TURP.” 


Fig. 90.8: Illustration of the effect of laser on prostate 
(medwow.com) 


Transurethral Microwave Therapy for Benign 
Prostatic Hyperplasia 


Transurethral microwave, delivers heat to the prostate via 
a urethral catheter or a transrectal route. Surface closest 
to the probe (the rectal or urethral surface) is cooled to 
prevent injury. The thermal energy causes cell death, with 
subsequent tissue contraction, thereby decreasing prostatic 
volume. The transurethral microwave thermo therapy 
(TUMT) can be performed in the outpatient setting with 
local anesthesia (Fig. 90.9). This treatment appears to be 
associated with significant prostatic swelling; a considerable 
number of patients require replacement ofa urinary catheter 
until the edema of the prostate subsides (Fig. 90.10).2475 


TRANSURETHRAL NEEDLE ABLATION 
OF THE PROSTATE 


Transurethral needle ablation of the prostate involves 
using high-frequency radio waves to produce heat, 
resulting in a similar process of thermal injury to the 
prostate as previously described (Fig. 90.11). The specially 
designed transurethral device with needles is used to 
deliver the energy. The procedure is a minimally invasive 
procedure and can be performed under local anesthesia, 
allowing the patient to go home the same day (Fig. 90.12). 
The procedure is similar to microwave treatment and is 
quite popular in some centers.”°”” 
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TUMT 
catheter 


Prostate 


Microwaves 


Fig. 90.10: Principles of microwave thermotherapy 


Radiofrequency Treatment 


The radiofrequency treatment appears to reliably result 
in significant relief of symptoms and better urine flow, 
although not as effective as TURP. 


High-Intensity Focused Ultrasound Energy Therapy 


Theuse ofhigh-intensity ultrasound energy therapy delivers 
heat to prostate tissue, with the subsequent process of 


Fig. 90.11: Transurethral needle ablation probe with needle 


Fig. 90.12: Effect of transurethral needle ablation on prostate 


thermal injury (Fig. 90.13). This high-intensity ultrasound 
waves may be delivered rectally or extracorporeally and 
can be used with the patient on intravenous sedation also. 
It may produce moderate results in terms of improvement 
of the urinary flow rate and urinary symptoms, although 
its use is relatively limited as it is under study.”**! 


Intraprostatic Injection of Botulinum Toxin Type A 
in Benign Prostatic Hyperplasia 


The Botox(botulinum toxin type A)isapoisonous substance 
extracted from the spores of Clostridium botulinum. 
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FOLLOW-UP 


Outpatient Care 


Patients with BPH, who have symptoms significant enough 
to be placed on medication, should be evaluated with 
DRE, USCD (Ultrasonogram of KUB + Uroflowmetry) and 
PSA test.2”°9 


COMPLICATIONS 


The complications related to BOO secondary to BPH are: 
e ‘The urinary retention 
e Chronic renal insufficiency 
e Recurrent urinary tract infections 
e Hematuria 
Stone formation. 


Fig. 90.13: High-intensity focused ultrasound energy therapy 
(info@wecareindia.com) 
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LOWER URINARY TRACT 
SYMPTOMS IN MEN 
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PRELUDE 


One of the most common symptoms that bother elderly 
men is lower urinary tract symptoms (LUTS). These 
symptoms can be categorized into filling symptoms 
(previously called irritative) and voiding symptoms 
(previously called obstructive). Usually the symptoms 
are nonspecific and large studies of patients have failed 
to show any correlation between LUTS and a specific 
diagnosis. Lower urinary tract symptoms are common and 
not necessarily a reason for suspecting prostate cancer. *? 


EPIDEMIOLOGY 


The prevalence of LUTS increases with age. Prevalence 
of nocturia in older men is about 78%. It is important to 
note that the older men have a higher incidence of LUTS 
than older women.’ It may also be important to notice 
that around one-third of men will develop urinary tract 
(outflow) symptoms, of which the principal underlying 
cause is benign prostatic hyperplasia (BPH). The natural 
history of the problem is such that, once symptoms arise, 
their progress is variable and unpredictable with about 
one-third of patients improving, one-third remaining stable 
and one-third deteriorating. Lifetime risk of developing 
microscopic prostate cancer is about 30%, developing 
clinical disease 10% and dying from prostate cancer 3%. 


PRESENTATION 


e Frequency, urgency, dysuria and nocturia (filling 
symptoms or irritative symptoms) 

e Obstructive: poor stream, hesitancy, terminal 
dribbling, incomplete voiding (voiding symptoms) and 
overflow incontinence (occurs in chronic retention) 


Lower Urinary Tract 
Symptoms 


e Blood in urine, fever, loin and pelvic pain, past history 
of renal calculi, past history of urinary tract infections, 
sexual/erectile difficulties, constipation, medications 
and bone pain 

e Palpable bladder, rectal examination (prostate: size, 
tenderness, nodules), check for loin pain and/or renal 
masses, abnormal perineal sensation and pelvic pain 

e Acute retention 

e Chronic retention of urine with overflow incontinence 
and, on rare occasions, renal failure. 


INTERNATIONAL PROSTATE SYMPTOM 
SCORE INDEX 


International Prostate Symptom Score (IPSS) was 
originally based on the American Urological Association 
seven item symptom score (AUA-7). Quality of life question 
was added by the World Health Organization when it was 
adopted by the International Consensus Committee as 
an international questionnaire for evaluating prostatic 
symptoms. The quality of life issue may be the starting 
point for a doctor-patient discussion on management.'” 

International Prostate Symptom Score index is the 
most common symptom score index used by physicians 
to quantify the subjective symptoms associated with BPH. 
The specific symptoms are graded and a total score is 
calculated reflecting the severity of the symptoms (Table 
91.1). Management of International prostate symptom 
score are predominantly based on this score. 


ASSESSMENT 


e Physical examination may include a detail clinical 
examination, looking particularly for signs of uremia, 
enlargement of the bladder, kidneys, and palpable 
nodes. 

e Digital rectal examination (DRE) is to be performed 
carefully in all men with LUTS. 

e ‘The frequency volume chart, bladder diary. 
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Table 91.1: International Prostate Symptom Score 
Date: 


Notatall Lessthan1 Less than half Abouthalfthe More than Almost 
time in 5 the time time halfthetime always 
Incomplete emptying 


Over the past month, how often have 
you had a sensation of not emptying 
your bladder completely after you finish 
urinating? 


Frequency 


Over the past month, how often have 
you had to urinate again less than 2 
hours after you finished urinating? 


Intermittency 


Over the past month, how often have 
you found you stopped and started 
again several times when you urinated? 
Urgency 

Over the last month, how difficult have 
you found it to postpone urination? 
Weak stream 


Over the past month, how often have 
you had a weak urinary stream? 


Straining 


Over the past month, how often have 
you had to push or strain to begin urina- 
tion? 
2 times 4 times 5timesor Your score 
more 


Nocturia 


Over the past month, how many times 
did you most typically get up to urinate 
from the time you went to bed until the 
time you got up in the morning? 


Total IPSS score 
Quality of life due to urinary symptoms 


Delighted Pleased Mostly Mixed-about Mostly Unhappy Terrible 
satisfied equally dissatisfied 
satisfied and 
dissatisfied 


If you were to spend the rest of your life 3 
with your urinary condition the way it is 
now, how would you feel about that? 


Total score: 0-7 mildly symptomatic; 8-19 moderately symptomatic; 20-35 severely symptomatic. 


Chapter 91 Lower Urinary Tract Symptoms 


e Ultrasound cystodynamogram (USCD) (Ultrasound + 
Uroflowmetry) is a basic test for patients with LUTS. This 
test sometimes called as ultrasound cystodynamics 
and includes the detail ultrasound examination of 
urinary tract and compounded with uroflowmetry. 

Ultrasound may provide reliable information 
about the status of the upper tract (if there is any 
hydronephrosis, hydroureter) and it also provide 
information about the bladder wall thickness, 
maximum cystometric capacity and post void residue. 
It will provide information of the prostate size, 
echotexture, ifany hypoechoic shadow or microlithiasis 
of prostate, which may indicate a prostate cancer. 

Uroflowmetry is a test, which measures the rate 
of flow of urine in unit time. In male, the maximum 
flow rate (Q pa) is about 25 mL/second, Qmax 10mL/ 
second or less may indicate obstruction of lower 
urinary tract. It is important to remember that the 
low flow may result from hyporeflexic bladder or 
weak bladder. 

e Renal function test should include estimation of 
serum creatinine. 

e Endocrine assessment may include the estimation of 
blood glucose and if diabetic should be adequately 
controlled. 

e Cardiovascular assessment may include checking 
blood pressure, ECG and Echocardiogram, etc. 

e Urine for routine examination and culture, mid-stream 
urine (MSU) should be performed. 

e Prostate specific antigen (PSA) test should be estimated 

e Prostate biopsy will be indicated if PSA level is elevated 
with or without abnormal ultrasound and DRE finding. 
This procedure is usually done under ultrasound guide. 
Cystoscopy may be essential test when an abnormality 

in the urinary bladder is suspected like transitional cell 
carcinoma and tuberculosis (TB), etc. Urethrocystoscopy 
is very helpful in cases of evaluation of refractory cases 
of LUTS which may be resulting from obstruction despite 
the uroflowmetry is satisfactory or unobstructed. This 
situation sometimes seen in BPH patients if the bladder 
function of the patient is good. Despite the obstruction 
of the prostatic urethra by the BPH is overcome by the 
good detrusor. 


DIFFERENTIAL DIAGNOSES 


e Benign prostatic hyperplasia with obstruction 
e Overactive bladder 

e Weak bladder (Hyporeflexic bladder) 

e Urinary tract infection (UTI) 

e Chronic prostatitis 


e Bladder calculi 

e Transitional cell carcinoma bladder 

e Carcinoma of prostate 

e Neurological disease, e.g. multiple sclerosis, spinal 
cord injury and cauda equina syndrome 

e Polyuria (e.g. secondary to diabetes mellitus, excessive 
fluid intake and diuretics, etc.). 


INDICATIONS FOR REFERRAL“ 


e Immediate referral (seen within 1 day) 
— Acute retention or acute renal failure 
e Urgent referral (according to local definitions of 
maximum waiting times but maximum time of 2 weeks) 
— Visible hematuria 
— There is a suspicion of prostate cancer based on 
the finding of a nodular or firm prostate, and/or a 
raised PSA 
— Culture negative dysuria 
— Chronic urinary retention with overflow or night- 
time incontinence 


e To be seen soon (according to local definitions of 
maximum waiting times but maximum time of 
2 weeks): 
— Recurrent UTIs 
— Microscopic hematuria 


— Symptoms have failed to respond to treatment in 
primary care and are severe enough to affect quality 
of life (best assessed by using IPSS) 

— Evidence of chronic renal failure or renal damage. 


MANAGEMENT OF LOWER URINARY 
TRACT SYMPTOMS 


Effective management of LUTS would be dependent on 
the findings of evaluation. International prostate symptom 
scores may be used to guide treatment choice and to assess 
future changes in symptoms. All effort should be made to 
exclude or manage causes of obstructive symptoms, for 
example drugs, neurological conditions, urethral stricture, 
and cancer (prostate, bladder and rectum). 


First Line Management 


Reassurance 


Lifestyle modification advices: Optimizing the fluid intake: 
In Asian countries most people believe that more will keep 
them healthy and because of this idea many peoples belief 
most people drinks a lot of water than what he needs. This 
excess water load not only causes LUTS, but will cause 
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gastrointestinal (GI) symptoms. Cutting the intake of fluid 
to normal (About 1.2-2 liter/day) will improve the clinical 
situation. In some cases it may be difficult to suppress the 
desire to drink, but with time the goal will be achieved. 


Pelvic floor muscle training: Pelvic floor muscle exercise 
may be extremely useful in patients who have experienced 
urgency and incontinence. Squeezing the perennial 
muscles repeatedly over a time will improve the ability of 
retaining urine. 


Bladder training program: Patient should be trained 
to void at a fixed time interval. For adult may be 4 hours. 
This bladder retraining program will help the patient to 
suppress undesirable urgency. 


Post-void milking: Patient complaining for post- 
micturition dribbling should press his fingers behind 
the scrotum and gently massage the bulbar urethra, in 
forwards and upwards motion. The technique will express 
the retained few drops of urine from the bulbar urethra. 

Pads, waterproof pants, external sheath, and catheters, 
etc. may be used when it is required. Role of continence 
nurse, continence physiotherapist may be important in 
some Cases. 

Patients with LUTS and small or moderate sized 
prostates with satisfactory other parameters will improve 
appreciably with lifestyle modification advice and alpha 
blocker therapy. Patients with LUTS and large prostates 
and poor flow are at significant risk of disease progression 
particularly, if they have additional risk factors such as age 
of more than 70 years or flow rate of less than 12 mL/s. 
They will benefit from treatment with lifestyle advice and 
5-alpha reductase inhibitors (5-ARIs). 

Combination of 5-ARI and alpha blocker is more 
effective in delaying the clinical progression of the disease 
and in improving LUTS and maximal urinary flow rate, 
than either drug alone. Treatment with a 5-ARI, PSA 
levels will be reduced by 50%. Therefore, PSA values for 
patients on long-term therapy should be doubled to allow 
appropriate interpretation and avoid masking the early 
detection of prostate cancer. 

Generally, surgical treatment is reserved for men who 
have failed or are unable to tolerate drug treatment, or for 
those who have developed complications.** 
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LOWER URINARY TRACT 
SYMPTOMS IN WOMEN 
PRELUDE 


Lower urinary tract symptoms are common in women 
of all ages, but prevalence increases with the age. Often 
the symptoms are transient, but a significant group has 
ongoing and disabling problems.' 


RISK FACTORS FOR URINARY INCONTINENCE 


e Age 

e Postmenopausal urogenital changes 

e Overweight 

e Smoking 

e Number of children 

e Poor obstetric care 

e Abnormalities of the urogenital system: congenital; 
pelvic organ prolapse; as a result of pelvic surgery or 
other disease. 


PRESENTATION 
Clinical Symptoms? 


e Symptoms of storage: increased daytime frequency, 
nocturia, urgency, urinary incontinence (stress inconti- 
nence, urge incontinence, mixed urinary incontinence, 
enuresis and continuous urinary leakage) 

e Symptoms of voiding: poor stream, hesitancy, inter- 
mittent stream, straining and terminal dribble 

e Postmicturition dribble, feeling ofincomplete emptying 

e Feeling of “something coming down” (genital 
prolapse), low backache, heaviness, dragging sensation 

e Sexual symptoms like incontinence during sex, dyspa- 
reunia, etc. 
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e Bladder or lower urinary tract pain: pain may be 
associated with bladder filling, micturition, and 
postmicturition or continuous. This genitourinary 
pain syndromes and lower urinary tract dysfunction 
(LUTD) may be suggestive of an overactive bladder or 
of bladder outlet obstruction. 


DIFFERENTIAL DIAGNOSES 


e Urinary tract infection: The most common cause of 
filling symptoms in all ages 

e Overactive bladder 

e Interstitial cystitis 

e Transitional cell carcinoma bladder 

e Genitourinary tuberculosis (GUTB) 

e Genital prolapse 

e Bladder stone 

e Post-menopausal symptoms 

e Stress urinary incontinence. 


INVESTIGATIONS 


Evaluation of a female patient will depend on the 

individual presentation. The diagnosis may be obvious 

and require confirmation (e.g. MSU for a UTI) or require 
full and detailed assessment: 

e Urinalysis, culture, pregnancy test, cytology for 
unexplained microscopic hematuria, early morning 
urine samples for mycobacteria 

e Serum creatinine, electrolytes and fasting blood glucose 

e Frequency volume chart, bladder diary 

e Ultrasound of urinary tract with uroflowmetry (USCD) 

e Urodynamic studies: subtracted cystometry, uroflow- 
metry voiding and videourodynamics 

e Cystoscopy. 

In absence of urodynamic abnormalities of either the 
detrusor or the outlet can be detected by full evaluation, 
including urinary flow studies, postmicturition residual 
volume and comprehensive urodynamic evaluation. The 
clinical conditions unrelated to the lower urinary tract 
may be responsible for the voiding symptoms.* 


MANAGEMENT 


Lifestyle Modification 

e Over active bladder may be treated in the first place 
with bladder training. Careful attention to fluid intake 
and avoiding caffeine can be very effective. 

e Always bladder emptying after sexual intercourse 
can prevent UTIs (if ineffective, antibiotics can also 
be prescribed). 


e Optimizing the fluid intake and reduce caffeine- 
containing drinks. 

e ‘There are some evidences that cranberry juice appears 
to enhance resolution of UTIs but it is not clear whether 
it helps to prevent recurrence. 

e Mild stress incontinence often responds to pelvic floor 
exercises, weight loss and stopping smoking. 


Drugs 


e ‘The infection of urinary tract should be treated with 
antibiotics. 

e Uroselective anticholinergic drugs, e.g. oxybutynin, 
tolterodine, darifenacin and solifenacin, etc. are 
used with bladder training to treat detrusor muscle 
overactivity. Tolterodine has fewer side effects than 
oxybutynin. 

e Use of tricyclic antidepressants may be useful for 
nocturia and suppressing the bladder activity. 

e Hormone replacement therapy (HRT) and topical 
estrogen may be useful for nonspecific urinary tract 
symptoms in postmenopausal women. 

e The drug duloxetine is licensed for moderate to severe 
stress urinary incontinence in women. 


Surgical Treatment 


The surgery should be reserved for the refractory cases of 
LUTS ifitis due to obstruction or due to stress incontinence. 


COMPLICATIONS 


The LUTS in women can have a profound effect on 
quality of life. 


PREVENTION 


The good obstetric management and pelvic floor care 
after childbirth. 
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Adrenal mass is a complex tissue that involves benign 
or malignant disease compounded with endocrine 
involvement. Adrenal carcinomas are rare tumors 
occurring at any age. Up to 80% of adrenal carcinomas 
are functional and secrete multiple hormones. Eighty 
percent are functioning tumors and the most common 
clinical manifestations are virilization and/or Cushing’s 
syndrome, usually in women. An aldosterone producing 
carcinoma is occasionally found. Patients with adrenal 
cancer commonly excrete large amount of adrenal 
androgens regardless of whether the tumor causes 
Cushing’s syndrome or virilization.'® 

Major pathologic entities of the adrenal gland that 
require surgical intervention may be primary hyper- 
aldestoronism, or Conn syndrome, Cushing’s syndrome, 
pheochromocytoma neuroblastoma and adrenal 
carcinoma. Sometimes the adrenal glands are removed 
en bloc as part of a radical nephrectomy for renal cell 
carcinoma.*® 

When the tumor arises from a site other than the 
adrenal, it is termed a paraganglioma and may be found 
in locations from the neck to the pelvis. Ten percent of the 
pheochromocytoma is malignant, while 50% of cases of 
paragangliomas have reported to be malignant.® 

The pheochromocytomas also can be a part of 
an endocrine syndrome such as multiple endocrine 
neoplasia (MEN). Pheochromocytomas present in 
adults, in the fifth and sixth decades with sustained or 
paroxysmal hypertension (sudden anxiety, diaphoresis, 
palpitation and headaches accompanying sudden 
increases in blood pressure). Five percent are associated 
with familial syndrome such as, multiple endocrine 
adenomatosis (MEA) Type II with medullary carcinoma 
of the thyroid, neurofibromatosis and von Hippel-Lindau 
disease.’>" 


Adrenal Mass 


ANATOMY OF ADRENAL GLANDS 


The adrenal glands are two small, triangular, retro- 
peritoneal structures, weighing 3-5 gm with a fascial 
covering provided by a superior extension of Gerota’s 
fascia. The right adrenal blood supply comes mainly 
from the inferior adrenal artery of the right renal artery, 
the middle adrenal artery of the aorta and the superior 
adrenal artery of the inferior phrenic. The left adrenal 
blood supply comes mainly from the middle adrenal artery 
arising from the aorta and smaller superior and inferior 
adrenal arteries. The very short right adrenal vein empties 
directly into the vena cava whereas the left adrenal vein 
empties into the left renal vein, lateral to the aorta and 
medial to the gonadal vein. Lymphatic drainage of both 
glands is primarily to the lateral aortic lymph nodes just 
above the level of the renal arteries and anterior to the 
crura of the diaphragm. 


PHYSIOLOGY OF ADRENAL GLANDS 
Adrenal Cortex 


Zona Glomerulosa 


The outer cortical zona glomerulosa produces aldosterone 
under the influence of angiotensin II and the renin- 
angiotensin system. Aldosterone acts at the distal tubule 
to cause sodium retention and potassium secretion. 
Hyperkalemia is an important independent stimulus to 
aldosterone secretion.“ 


Zona Fasciculata and Zona Reticularis 


The middle zona fasciculata and inner zona reticularis 
secrete primarily cortisol and dehydroepiandrosterone 
(DHEA) under the influence of pituitary adrenocortico- 
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tropic hormone (ACTH). Pituitary ACTH is under 
continuous feedbackinhibition by cortisol. The 17-ketogenic 
steroids are metabolites of cortisol while 17-ketosteroids are 
metabolites of adrenal androgens (DHEA). 


Adrenal Medulla 


The adrenal medullary chromaffin cells function as a 
giant presynaptic sympathetic nerve ending secreting 
catecholamines, norepinephrine (20%) and epinephrine 
(80%). Vanillylmandelic acid is a major catecholamine 
degradation product formed by the combined action of 
catechol-O-methyl transferase and monoamine oxidase." 


WORK-UP OF ADRENAL MASSES 


Look for symptoms of a functioning tumor (i.e. Cushingoid 
appearance, hypertension or virilization). 


Laboratory Work-up 


e Serum electrolyte, cortisol, androgen and free 
metanephrine levels (most sensitive test for 
pheochromocytoma) should be estimated. 

e Urinary excretion of 24-hour metanephrine (most 
specific test for pheochromocytoma), 24-hour cate- 
cholamine, 24-hour free cortisol, 17-ketosteroids and 
17-hydroxycorticosteroids levels should be estimated. 

e Clonidine suppression test or glucagon stimulation 
test can also be performed to confirm the diagnosis. 


Diagnostic Imaging 


e Multislice computed tomography (CT) scan has 
become the gold standard for the investigations of 
suspected adrenal mass. Other imaging studies often 
are used in conjunction with the CT scan in diagnosis 
of adrenal masses (Fig. 92.1). 

e The magnetic resonance imaging (MRI) is 
frequently useful in delineating lesions. In the case 
of adrenocortical carcinoma, regardless of size or 
function, if T2 weighted images from an MRI reveal a 
high intensity signal, this finding is strongly suggestive 
of a malignancy and exploration is warranted. 

e Thenuclearscanssuchasametaiodobenzylguanidine 
(MIBG) scan or NP-59 scan can also help delineate 
between malignant and benign lesions. The MIBG 
scan may be helpful in pheochromocytomas 
because MIBG is taken up in the norepinephrine 
pathway. NP-59 is taken up by the adrenal cortex 
and by adenomas. Adrenocortical carcinoma, do not 
take up the tracer.568-10 


Fig. 92.1: A transverse computed tomography scans obtained in 
63-year-old woman with adrenocortical carcinoma. Nonenhanced 
scan obtained at level of middle portion of right adrenal gland 
shows well-defined mass 


Special Tests 


e Dexamethasone test (to rule out 
Cushing’s disease) 
e Adrenal venography (aids 


teronomas). 


suppression 


in localizing aldos- 


ADRENAL CYSTS 


Prelude 


In clinical practice the adrenal cysts are rare, usually 
incidental findings but may become large and 
symptomatic. The symptomatic adrenal cysts should be 
operated, but small, asymptomatic, nonfunctional cysts 
with benign characteristics may be treated conservatively 
with regular follow-up by sonography or CT and 
hormonal evaluation. 


Classification 


e Pseudocyst-formed from liquefaction of old blood 
clots secondary to hemorrhage 

e Endothelial cysts-lined by smooth endothelium filled 
with lymphogenous fluid 

e Epithelial cysts 

e Parasitic cysts. 
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Diagnosis 


Abdominal CT and ultrasound (eggshell calcifications). 


Treatment 


Treatment is complete surgical excision, if symptomatic. 


ALDOSTERONOMA (CONN’S SYNDROME) 


Aldosterone hypersecretion due to an adrenal adenoma or 
hyperplasia is characterized by hypertension, hypokalemic 
alkalosis and low plasma renin activity. Aldosteronomas 
are small tumors, usually less than 3 cm, occurring between 
the ages of 30 years and 60 years, and accounts for less than 
1% of all cases of hypertension. The hallmarks of primary 
hyperaldosteronism are hypertension, hypokalemia and 
hypernatrimia and elevated urine aldosterone levels, 
as well as decreased renin activity and alkalosis with 
increased urinary potassium excretion.*"! 

The primary hyperaldosteronism may be secondary 
to an adrenal adenoma or secondary to bilateral adrenal 
hyperplasia. These two conditions should be isolated 
because they are treated differently. The renin level may 
be elevated in secondary hyperaldosteronism, due to renal 
artery stenosis. Blood renin level is elevated in persons with 
renal artery stenosis, while the renin level is suppressed in 
those with primary hyperaldosteronism.*"” 


Major Criteria for Diagnosis of Conn’s Syndrome 


e Hypertension 

e Hypokalemia in absence of diuretics 

e High aldosterone output in setting of high sodium 
intake 

e Suppressed plasma renin levels that fail to rise under 
conditions of upright position and restricted sodium 
intake. 
Localization of adenomas is made by CT, 

iodocholesterol scanning and adrenal venography with 

sampling. 


Treatment 


Surgical removal is indicated if a discrete tumor is 
identified or in cases of failed medical management 
(spironolactone and sodium restriction). If the tumor has 
not been identified preoperatively, explore the left adrenal 
first (tumors are found three times more often in the left 
adrenal). If no tumor is found, explore the right adrenal, 
if still no tumor is found, then a left adrenalectomy 
is appropriate with perhaps a partial right. Correct 


potassium deficits prior to surgery. Patients with bilateral 
nodular adrenal hyperplasia or poor operative risks can be 
managed with the aldosterone antagonist, spironolactone 
(aldactone).!! 


NEUROBLASTOMA 


The neuroblastomas arise from sympathetic neuroblasts 
and occur almost exclusively in the pediatric population 
and may represents the most common extracranial 
solid tumor in children and approximately one-third of 
neuroblastomas arise in the adrenal gland. The surgical 
intervention of neuroblastoma is an important element 
in diagnosis, staging and treatment of children with 
neuroblastoma. 


MYELOLIPOMA 


Adrenal myelolipomas are rare benign masses that consist 
of fat and hematopoietic cells. They are hormonally 
inactive. These masses are typically asymptomatic, but 
some are associated with flank or abdominal pain. Adrenal 
myelolipomas can often be diagnosed with imaging studies. 
On CT scans, myelolipomas appear as well circumscribed, 
massed with a negative attenuation consistent with fat. 
Should the diagnosis still be in doubt, obtaining an image- 
guided needle biopsy can be helpful. As myelolipomas are 
benign lesions with no hormonal activity, most physicians 
recommend observation unless symptoms occur or the 
tumor begins to grow during observation. 


PHEOCHROMOCYTOMAS 


Pheochromocytomas are rare, usually benign tumors 
arising from chromaffin cells in the adrenal medulla, 
most commonly with a varied clinical presentation due 
to hypersecretion of norepinephrine and epinephrine 
(Figs 92.2A and B). Fifteen percent are extra-adrenal, 
most near the renal pedicles, occasionally in the organ 
of Zuckerkandl at aortic bifurcation and rarely in the 
thorax or wall of the bladder. Ten percent are multiple, 
usually bilateral. Five percent are malignant (must prove 
functioning metastases in extrachromaffin sites such as 
bones, lung, liver and spleen).” 


Diagnostic Criteria of Pheochromocytoma 


Clinical Features 


Hypertension is both systolic, diastolic and frequently it is 
refractory (notcontrolled with conventional antihypertensive 
therapy). Headache, increase sweating, weight loss, decrease 
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Figs 92.2A and B: Pheochromocytoma. (A) This multinodular, fleshy yellow-brown tumor was removed from a 36-year-old-man. Area 
of necrosis, hemorrhage and cyst formation can be seen; (B) Histology shows the tumor cells in pheochromocytoma may be arranged in 
alveolar (nesting), trabecular, solid/diffuse or mixed patterns. Alveolar pattern is shown here 


gastrointestinal motility nausea, vomiting and constipation. 
Physical examination findings are usually normal except 
persistent or periodic hypertension. 


Biochemical Investigation 


e Blood for serum epinephrine usually more than 2,000 
ng/L and serum norepinephrine 

e Urine for vanillylmandelic acid (> 7 mg/24 hours; 
diagnostic if double of normal value) 

e Urine for metanephrine (If > 1.3 mg/24 hours; 
diagnostic). 


Localization 


e Computed tomography scan of adrenal gland 

e Metaiodobenzylguanidine scanning, isotope scanning 

e Selective renal venous sampling for estimation of 
catecholamines. 


Preoperative Management of Pheochromocytoma 


The preoperative management of pheochromocytoma 
is aimed at control of the catecholamine secretion and 
its cardiovascular sequelae. The hypertension is usually 
alleviated with preoperative alpha adrenergic blockade, 
and most authors recommend preoperative fluid loading 
to prevent rapid onset of hypotension after the alpha 
adrenergic secretion is stopped.”'°” 

To reduce the intraoperative hypertension and 
other cardiovascular complication and postoperative 
hypotension following measure should be taken: 

e Hospitalization 
e Rest 


e Long-acting adrenergic blocking agent should be the 
drug of choice. 

Phenoxybenzamine is the best drug, 10 mg twice daily 
and titrated every 2-3 days interval till blood pressure fixes 
160/90 mm Hg or below and symptoms are abolished. 
Beta-blocker should be added if there is tachycardia or 
arrhythmias.” 


Danger Period during Operation 


e Atinduction of anesthesia 
e During positioning of patient on operation table 
e During mobilization of gland 
e Just after removal of gland. 
Preoperative adequate volume replacementis essential 
to prevent preoperative or postoperative hypovolemia. 


Preoperative Special Care 


e Monitor pulse, blood pressure and central venous 
pressure 

e Alpha-blocker 

e Sodium nitroprusside. 


MEDICAL THERAPY 
Primary Hyperaldosteronism 


Management of bilateral adrenal hyperplasia is based on 
medical therapy. The spironolactone is an aldosterone 
antagonist, is used to normalize serum potassium levels 
and blood pressure. The major side effect of this drug is 
painful gynecomastia. The unilateral adrenal adenomas 
are generally treated surgically." 
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Surgical Treatment of Adrenal Mass 


Basicprinciple foralladrenal excisions shouldbe as delicate 
as possible. Traditionally, the posterior, modified posterior 
or laparoscopic approaches are used with smaller tumors. 
The larger tumors may require flank, transabdominal or 
thoracoabdominal approaches, but they also have been 
removed successfully with laparoscopic approaches. 

Right adrenal vein is short and enters the inferior vena 
cava (IVC) posteriorly and as such the right adrenalectomy 
is best approached through a posterior or modified 
posterior incision. 

Left adrenal gland is in close contact with the upper 
pole of the left kidney and therefore, for large left adrenal 
lesions, a flank approach or thoracoabdominal approach 
offers the best exposure. Today, the laparoscopic 
approach is now considered the criterion standard for 
most adrenal surgery.” 

Extraperitoneal, extrapleural 11th or 12th rib flank 
approach as used for a radical nephrectomy provides 
excellent exposure for right or left adrenalectomy (Fig. 
92.3). Gerota fascia is exposed ina typical fashion, and with 
this approach, the kidney is used as a means of traction on 
the adrenal gland. The patients with large malignancies 
might require en bloc nephrectomy with the adrenal 
specimen for cancer control." In the pediatric population 
and for patients with large malignancies, a transverse, 
chevron, subcostal and midline approaches are the most 
commonly used. Midline approach commonly is used if 
suspicion of a paraganglioma exists. 


Fig. 92.3: This patient underwent left radical nephrectomy, 
adrenalectomy, distal pancreatectomy and splenectomy for 
adrenocortical carcinoma. Spleen is seen at the top and the kidney 
at the bottom of the specimen. The tumor was 16 cm in greatest 
dimension 


Using the flank approach, the kidney is used for 
retraction and the superior attachments are divided, 
providing exposure. While operating on the right side, 
it may require to ligate the accessory hepatic veins for 
sufficient exposure of the vena cava and the (posteriorly 
located) short adrenal vein. Following the exposure of 
the IVC, the vein is ligated and then the multiple adrenal 
arteries are taken. While operating on left side the renal 
vein is exposed first, providing exposure to the adrenal 
vein. Following the ligation of the left adrenal vein, the 
dissection proceeds medially along the vascular pedicle 
where the multiple arteries are taken.1°°*"! 


Thoracoabdominal Approach 


When the tumor is very large the thoracoabdominal 
approach is a gold standard. Thoracoabdominal incision 
is approached via the 8th, 9th or 10th intercostal space is 
the incision of choice for large adrenal tumors (Fig. 92.4), 
especially right-sided pheochromocytomas. Incision is 
made along the appropriate intercostal space and carried 
medially along the space, across the costal margin to 
the midline, and then extended caudally, as needed, for 
exposure. Following the division of the diaphragm, the 
superior dissection of large adrenal tumors, as well as 
cephalad access to the IVC, is made easier. Colon then is 
reflected, allowing the great vessels and retroperitoneum 
to be exposed. The posterior and superior attachments are 
divided, leaving the adrenal gland attached to the kidney 
for traction. At this stage the posteromedial vein can be 
divided first and then, proceeding caudally, the multiple 
adrenal arteries can be ligated.15°*" 


3 
Fig. 92.4: Adrenal tumor 
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Laparoscopic Adrenalectomy 


Laparoscopic approaches for adrenalectomy has been 
acceptedasagoldstandard to decrease operative morbidity. 
Laparoscopic approach typically is used for smaller than 
6 cm adrenal tumors (Fig. 92.5). In most laparoscopic 
centers, the laparoscopic adrenalectomy has become the 
criterion standard. 

Intra-abdominal adhesions represent a relative con- 
traindication that greatly depends on the surgeon’s skills. 

The trocar placement is variable, but usually a minimum 
of three and typically four, ports are used under the costal 
margin. Adrenalectomy may proceed as much as through 
a transabdominal approach dissecting the colonic flexure 
into the retroperitoneum. While operating on the right after 
dissecting under the liver, the liver is retracted cephalad and 
the superior pole of the kidney again is used as a handle. A 
gentle traction on the kidney, a plane of dissection along the 
IVC allows the surgeon to “walk up” the IVC and identify the 
short right adrenal vein, which can be clipped. At this stage 
the superior attachment and the adrenal arteries are secured 
using clips or with harmonic scalpel. The attachment with 
the kidney is dissected last; then, the adrenal is placed in an 
entrapment sack and removed.**"” 

Each patient is different and no method is best for all 
patients. In general, the approach based on patient, tumor 


Fig. 92.5: Laparoscopic approach for the right-sided 
pheochromocytomas 


characteristics and skill and expertise of the team yields 
the best results." 


Partial Adrenalectomy 


Classically, the standard treatment for patients with 
adrenal lesions has been total adrenalectomy. Successful 
treatment of these lesions with partial adrenalectomy has 
been reported and compared with total adrenalectomy 
for the treatment of primary hyperaldosteronism were 
equally effective. Laparoscopic partial adrenalectomy is 
also as effective as traditional open technique.* 


Cryosurgery, Radiofrequency Ablation and 
Other Ablative Techniques 


All of these energy treatments are evolving. A few reports of 
adrenal cryosurgery are published in patient with primary 
hyperaldosteronism secondary to bilateral adrenal 
hyperplasia. More studies are needed to assess the long- 
term efficacy of this procedure. Ablation of adrenal masses 
has been described using selective arterial infusion of 
ethanol. Few reports exist of radiofrequency ablation 
(RFA) of adrenal mass. Today, RFA is used primarily for 
patients with metastatic disease for whom conventional 
treatment with surgery or chemotherapy is not possible. 

Most authors recommend preoperative fluid loading 
to prevent rapid onset of hypotension after the alpha 
adrenergic secretion is stopped. 


Selection of Operative Procedure 


Primary Hyperaldosteronism 


As long as the tumor or gland is small, a posterior, modified 
posterior or laparoscopic approach is suggested.” 


Cushing’s Syndrome 


As long as the tumor or gland is small, a posterior, modified 
posterior or laparoscopic approach is suggested.” 


Pheochromocytoma 


The surgical management of pheochromocytoma is 
different from other adrenal tumors in that, primarily, a 
discussion between the surgical team and anesthesia teams 
must occur before the anesthesia due to cardiovascular 
risk. The role of calcium channel blockers instead of 
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alpha blockade and still found low complication rates 
and determined that adrenalectomy is safe. During the 
dissection the blood pressure may be very high and may 
endangered life. The principle and the surgical approach 
should be aimed at early control of the adrenal vein. It 
should be noted that when the vein is secured, a marked 
hypotensive episode often occurs." 

Currently many urological centers have reported 
laparoscopic approaches for adrenalectomies. The 
patients with multiple endocrine adenopathy or a family 
history of pheochromocytoma should be considered at 
high risk for multiple lesions and a thorough abdominal 
exploration should be performed during surgery.’ 


Neuroblastoma 


For the diagnosis, staging and treatment of children 
with neuroblastoma surgical treatment is the basic tool 
of the management. The surgical treatment may be 
curative therapy for patients with stage I and early stage 
II neuroblastoma, with a reported two-year survival rate 
of 89%. High stage tumors usually require a combination 
of surgery, chemotherapy and/or radiation therapy to 
provide a complete response. 


Adrenocortical Carcinoma 


Adrenocortical carcinoma (Fig. 92.6) typically is a large 
lesion and for that reason, a flank or thoracoabdominal 
approach has been advocated. Laparoscopic approach 
may be suitable if the tumor size is smaller than 6 cm. 


| i a re 2 : : 
Fig.92.6: Adrenocortical carcinoma. The tumor cells have abundant 
eosinophilic cytoplasm and enlarged hyperchromatic nuclei with 


prominent nucleoli. Numerous mitotic figures were also present 


POSTOPERATIVE CARE 


The patients with cortisol-producing tumors require 
glucocorticoid replacement throughout the surgical 
procedure and postoperatively until the function of the 
contralateral adrenal gland is regained. For the patients 
with pheochromocytoma and meticulous follow-up is 
necessary for patients with malignancy. 


FOLLOW-UP 


Follow-up is routine, with wound checks and close 
follow-up for malignant disease that is aimed at detecting 
early evidence of metastases at 3 months, 6 months, 9 
months and then yearly with standard CT abdomen, chest 
and bone scan or PET scan. 


COMPLICATIONS 


Splenic laceration or damage to the tail of the pancreas 
on the left side and possibility of entering the pleura, with 
subsequent pneumothorax is always possible in difficult 
surgery. Postoperative supplementation of glucocorticoids 
and mineralocorticoids in the patient with complex and/or 
bilateral disease is essential to avoid complications.1>%*” 


PROGNOSIS OF ADRENAL TUMOR 


Primary Hyperaldosteronism 


Surgical removal of the adrenal gland and adenoma 
provides excellent results, with most patients being cured."* 


Pheochromocytoma 


Cures are rare in cases of malignant pheochromocytomas 
and in metastatic disease, five-year survival rates as high 
as 36% have been reported.’ 


Blastoma 


Adequate surgery is curative therapy for people with 
stage I and early stage II disease, with a reported two-year 
survival rate of 89%. High stage tumors usually require a 
combination of surgery, chemotherapy and/or radiation 
therapy to provide a complete response. 


Adrenocortical Carcinoma 


With stage I or II disease fared better, with a five-year 
survival rate of 60%, while patients with stage III and IV 
disease had a five-year survival rate of 10%.®° 
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PRELUDE 


SAM Golam Kibria 


Cushing’s syndrome is the clinical disorder caused by 
overproduction ofcortisol. This clinical entity characterized 
by plethoric facies, bruising, truncal obesity, change in 
appearance, purplish cutaneous striae, hypertension, 
osteoporosis, hypokalemia and poor wound healing as a 
result of hypersecretion of cortisol. Most cases (80%) are 
due to bilateral adrenocortical hyperplasia stimulated by 
overproduction of pituitary adrenocorticotropic hormone 
(ACTH), known as Cushing’s disease. 

About 10% of cases are due to the ectopic production of 
ACTH from nonpituitary tumors. Ectopic ACTH production 
occurs most frequently in small cell lung carcinoma; 
other tumors producing ACTH include carcinoids 
[lung, thymic and gastrointestinal (GI) tract], islet cell 
tumors of the pancreas, medullary thyroid carcinoma, 
pheochromocytoma and small cell carcinoma of the 
prostate. Adrenal adenoma is the cause in 5% of cases and 
carcinoma in 5%. In children, adrenocortical carcinoma is 
the most common cause of Cushing’s syndrome. 

The diagnosis of Cushing’s syndrome is made based 
on abnormalities of urinary and plasma cortisol and/or 
ACTH. The syndrome typically is attributed to central, 
hypothalamic or pituitary excess secretion of ACTH 
(Cushing’s disease), primary adrenal hypercorticism or 
ectopic secretion of ACTH. 


PATHOPHYSIOLOGY 


Overproduction of cortisol by adrenocortical tissue leads 
to a catabolic state. This causes liberation of amino acids 
from muscle tissues, which are transformed into glucose 
and glycogen in the liver by gluconeogenesis. The resulting 
weakened protein structures (muscle and elastic tissue) 
causes a protuberant abdomen and poor wound healing, 
generalized muscle weakness and marked osteoporosis, 
which is made worse by excessive loss of calcium in the urine. 

In addition, glucose is transformed largely into fat 
and appears in characteristic sites such as the abdomen, 


Cushing’s Syndrome 


supraclavicular fat pads and cheeks. There is a tendency 
to diabetes, with an elevated fasting plasma glucose level 
in 20% of cases and diabetic glucose tolerance curve in 
80%. The cortisol excess also suppresses the immune 
mechanisms, which makes these patients susceptible to 
repeated infection. Inhibition of fibroblast function by 
excess cortisol further interferes with wound healing and 
host defenses against infection. 

Hypertension is present in 90% of cases. Although the 
aldosterone level is not usually elevated, cortisol itself exerts 
a hypertensive effect when present in excessive amounts, 
as does 11-deoxycorticosterone. The hypertension may be 
accompanied by manifestation of mineralocorticoid excess 
(hypokalemia and alkalosis), especially in patients with the 
ectopic ACTH syndrome or adrenocortical carcinoma. 


ETIOLOGY 


Cushing’s Disease (40-60%) 


Hypersecretion of ACTH by a pituitary adenoma unres- 
ponsive to cortisol negative feedback produces adrenal 
hyperplasia. Cortisol levels will be suppressed by a high 
dose dexamethasone test (2 mg q6h for 2 days). Treatment 
is trans-sphenoidal hypophysectomy or bilateral 
adrenalectomy. 


Ectopic Adrenocorticotropic Hormone (< 5%) 


Extra-adrenal ACTH producing tumors are unresponsive 
to cortisol negative feedback and arise from malignant 
carcinomas in lung, breast, ovary, GI tract and kidney. Most 
common are oat cell bronchogenic carcinomas, thymic 
tumors or islet cell tumors of the pancreas. Treatment is 
surgical excision of the tumor. 


Adrenal Adenoma (30-40%) 


This condition presents with autonomous hypersecretion 
of cortisol and low serum ACTH levels. These are 
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occasionally adenocarcinomas, which are radioresistant 
and unresponsive to chemotherapy. Treatment is radical 
adrenalectomy and lymphadenectomy. 


PATHOLOGY 


The cells in adrenal hyperplasia resemble those of the 
zona fasciculata of the normal adrenal cortex. Frank 
adenocarcinoma reveals pleomorphism and invasion of 
the capsule, the vascular system or both. Local invasion 
may occur and metastases are common to the liver, 
lungs, bone or brain. Histologic differentiation between 
adenoma and adenocarcinoma is frequently difficult. In 
the presence of adenoma or malignant tumor, atrophy 
of the cortices of both adrenals occurs because the main 
secretory product of the tumor is cortisol, which inhibits 
the pituitary secretion of ACTH. Thus, although the 
tumor continues to grow, the contralateral adrenal cortex 
undergoes atrophy. 


CLINICAL PRESENTATION 


e Obesity (with sparing of the extremities), moon face, 
and fat pads of the supraclavicular and dorsocervical 
areas (buffalo-hump) 

e Striae (red and depressed) over the abdomen and 
thighs 

e Hypertension (almost always present) 

e Proximal myopathy with marked weakness, especially 
in the quadriceps femoris 

e Emotional lability, irritability and difficulty in sleeping 
and sometimes psychotic personality 

e Osteoporosis (common) with back pain from 
compression fractures 

e Hyperglycemia is present and in 20%, there is an 
elevated fasting plasma glucose level. 


LABORATORY WORK-UP 


The presence of at least three of the following strongly 
suggests Cushing’s syndrome: 


Blood Analysis 


The leukocyte count may be elevated to the range of 12,000- 
20,000/pL, usually with fewer than 20% lymphocytes. 
Eosinophils are few in number or absent. Polycythemia 
is present in over half the cases, with the hemoglobin 
ranging from 14 to 16 g/dL. Anemia, however, may occur 
in patients with malignant tumors ectopically secreting 
ACTH. Blood chemical analysis may show an increase 


in serum Na+ and CO, levels and a decrease in serum K* 
levels. Hyperglycemia may occur. 


24-Hour Urinary Cortisol Level 


Urine cortisol is measured in a 24-hour urine collection 
(normal range, 10-50 pg/24 h). A urine cortisol value more 
than two-fold elevated is typical of Cushing’s syndrome. 
False positive elevations can occur in acute illness, 
depression and alcoholism. However, obesity does not 
raise the level of urinary free cortisol above normal. 


Suppression of Adrenocorticotropic Hormone and 
Plasma Cortisol by Dexamethasone 


Dexamethasone in low doses is used to assess the 
feedback suppression of ACTH and cortisol production 
by glucocorticoids. If dexamethasone is given at 11 pm, 
ACTH is suppressed in normal persons but not in those 
with Cushing’s syndrome. Dexamethasone is useful 
because it has 30 times the potency of cortisol as an ACTH 
suppressant and it is not measured in current plasma or 
urine cortisol methods. 

The procedure is to give 1 mg of dexamethasone by 
mouth at 11 pm and to draw blood at 8-9 am the next 
morning for measurement of plasma cortisol. If the level 
is less than 5 g/dL (normal is 5-20 mg/dL), Cushing’s 
syndrome can be ruled out. If the value is more than 10 
ug/dL, Cushing’s syndrome is present. A level in the range 
of 5-10 ug/dL is equivocal and the test should be repeated 
or the urine cortisol may be measured. 

Women taking birth control pills have high plasma 
cortisol levels because, as in pregnancy, the estrogen 
stimulates production of the cortisol-binding globulin. 
The pills must be withheld for at least 3 weeks before 
the dexamethasone suppression test. Other conditions 
causing false positive responses are acute illness, 
depression and alcoholism. Also, about 15% of obese 
patients do not suppress cortisol with this test. 


Specific Tests for Differentiation of Causes 
of Cushing’s Syndrome 


The various causes of Cushing’s syndrome can be 
determined with great accuracy (95% of cases). 


Plasma Adrenocorticotropic Hormone Level 


If the diagnosis of Cushing’s syndrome has been 
established, this test will differentiate ACTH dependent 
causes (Cushing’s disease and the ectopic ACTH 
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syndrome) from adrenal tumors, which are ACTH 
independent. The normal range is 10-50 pg/mL. Patients 
with Cushing’s disease have ACTH levels that range from 
10 to 200 pg/mL. In the ectopic ACTH syndrome, levels are 
usually more than 200 pg/mL and patients with adrenal 
tumors have suppressed ACTH levels (< 5 pg/mL with 
the immunoradiometric ACTH assay) and thus are easily 
differentiated. 


Plasma Androgen Levels 


In patients with adrenal adenomas, androgen levels are 
normal or low and in adrenocortical carcinoma these 
levels are often markedly elevated. 


Localization of Source of Adrenocorticotropic 
Hormone Excess 


When tests suggest Cushing’s disease or the ectopic 
ACTH syndrome and an elevated plasma level of ACTH is 
present, the source of ACTH must be identified. Since the 
great majority of these patients have Cushing’s disease and 
because most of the patients with ectopic ACTH secretion 
have an obvious malignancy, the first step is to perform 
pituitary magnetic resonance imaging (MRI). 

These are positive in 50-60% of patients with Cushing’s 
disease; in the remainder, the diagnosis should be 
established by the sampling of ACTH levels in the venous 
drainage of the anterior pituitary, that is, the cavernous 
sinuses and inferior petrosal sinuses. If the MRI and 
venous sampling do not reveal a pituitary source of 
ACTH, computed tomography (CT) scans of the chest and 
abdomen are used to localize ectopic tumor. 


Localization of Adrenal Lesions 


Patients with Cushing’s syndrome with suspected adrenal 
tumors and suppressed ACTH levels should undergo a 
CT scan of the abdomen with 3 mm sections through the 
adrenals. Adrenal tumors causing Cushing’s syndrome 
are usually more than 3 cm in diameter and are therefore 
easily visualized. 

Adenomas are usually 3-6 cm in diameter; carcinomas 
are usually more than 5 cm in diameter and are frequently 
locally invasive or metastatic to the liver and lungs at the 
time of diagnosis. In patients with adrenal tumors, the 
contralateral adrenal is suppressed and therefore appears 
atrophic or normal on CT scan. The finding of bilateral 
adrenal enlargement is typical of Cushing’s disease or the 
ectopic ACTH syndrome. Ultrasound or MRI may also be 
used for adrenal localization, although these techniques 
do not appear to offer significant advantage over CT scans. 


COMPLICATIONS 


Hypertension may lead to cardiac failure or stroke. 
Diabetes may be a problem but is usually mild. Intractable 
skin or systemic infections are common. Compression 
fractures of osteoporotic vertebrae and rib fractures may 
develop. Renal stones are not uncommon as a result of 
bone resorption. Psychosis is not uncommon; it usually 
subsides after successful surgery. 


TREATMENT 


A pituitary microadenoma, which is the most common 
cause of bilateral adrenocortical hyperplasia, must 
be located and removed surgically. Trans-sphenoidal 
resection is the method of choice. Success is reported 
in more than 80% of cases and in most instances the 
endocrine functions of the pituitary gland are preserved. 
Ectopic ACTH syndrome is difficult because most 
have an advanced malignancy and severe hyper- 
cortisolism. Removal of the primary tumor is clearly the 
therapy of choice. However, curative resection is limited 
to the few patients with benign tumors such as bronchial 
carcinoids. Patients with residual or metastatic tumors 
should be managed first with adrenal inhibitors and if 
that is not successful, bilateral adrenalectomy should be 
considered. 


Total Bilateral Adrenalectomy 


Total bilateral adrenalectomy is indicated in patients 
with Cushing’s disease in whom the pituitary tumor is 
not resectable and in whom radiotherapy and medical 
therapy fail to control the cortisol excess. At present, it is 
best to perform bilateral adrenalectomy via a laparoscopic 
approach. Bilateral adrenalectomy is also indicated in 
patients with ectopic ACTH syndrome who have life- 
threatening hypercortisolism that cannot be controlled by 
inhibitors of adrenal secretion. 

Since removal of the source of excessive cortisol 
will inevitably lead to temporary or permanent adrenal 
insufficiency, it is of the utmost importance to administer 
cortisol preoperatively and to continue substitution 
therapy after surgery to control Addison’s disease. In the 
postoperative period, the dose is tapered downward until 
oral medication provides sufficient control. 

It is important to reduce the steroid substitution 
gradually over a period of several days. On the day of 
operation, 200 mg of cortisol is given, the dosage is then 
reduced gradually on successive days (150, 100, 80, 60 and 
40 mg) until a maintenance dosage of 20-30 mg cortisol 
combined with 0.1 mg fludrocortisone is reached. 
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Medical Therapy 


There is no effective method of inhibiting ACTH secretion; 
however, adrenal hypersecretion can be controlled in 
many patients by inhibitors of adrenal cortisol secretion. 


Ketoconazole 


Ketoconazole is the current drug of choice as it blocks 
cortisol secretion by inhibiting P450c11 and P450scc. The 
total dose required is 800-1600 mg/day given in two divided 
doses. Side effects are adrenal insufficiency, abnormal liver 
function tests and hepatotoxicity in a few patients. 


Metyrapone 


Metyrapone may be used alone or may be added if 
ketoconazole alone is unsuccessful in normalizing 
cortisol levels. The usual dosage is 1-4 g daily given in four 
divided doses. 


Aminoglutethimide and Trilostane 


Aminoglutethimide and trilostane also inhibit adrenal 
secretion, but they are uncommonly used at present. 


Mitotane 


Mitotane (0, p'-dichlorodiphenyldichloroethane, Lysodren’) 
is both an inhibitor of adrenal secretion and a cytotoxic agent 
thatdamages adrenocortical cells. Itis used almostexclusively 
in patients with residual adrenocortical carcinoma, in whom 
it helps to reduce cortisol hypersecretion. The usual dosage 
is 6-12 g daily in 3-4 divided doses. About 70% of patients 
achieve a reduction in steroid secretion and 35% achieve a 
reduction in tumor size. However, there is no convincing 
evidence that the drug prolongs survival. Side effects occur 
in 80% of patients and include nausea, vomiting, diarrhea, 
depression and somnolence. 


Preoperative Preparation 


Preoperative preparation is the same as that for bilateral 
hyperplasia. Since in this case, the remaining adrenal gland 
will be atrophic and thus the patient will be hypoadrenal. 


Postoperative Treatment and Follow-up 


Cortisol is administered perioperatively in the doses 
described above and then tapered to a replacement dose of 


20-30 mg/day. Hydrocortisone is given orally in a dosage 
of 10 mg three times daily initially and reduced within 2-3 
weeks to 10 mg daily given at 7 or 8 am. Substitution therapy 
may be necessary for 6 months to 2 years depending on the 
rate of recovery of the residual gland. Mineralocorticoid 
therapy is rarely necessary, since the atrophic adrenal 
usually produces sufficient aldosterone. Patients with 
adrenocortical carcinoma are usually not cured by surgery 
and require additional therapy. 


PROGNOSIS 


Treatment of hypercortisolism usually leads to 
disappearance of symptoms and many signs within days to 
weeks, but osteoporosis usually persists in adults, whereas 
hypertension and diabetes often improve. Cushing’s 
disease treated by pituitary adenomectomy has an 
excellent early prognosis and long-term follow-up shows 
a recurrence rate of about 10%. Patients with the ectopic 
ACTH syndrome and malignant tumors in general have 
a poor prognosis and these patients usually die within 
several months of the diagnosis. Patients with benign 
lesions may be cured by resection of the tumor. Removal 
of an adrenal adenoma offers an excellent prognosis and 
these patients are cured by unilateral adrenalectomy. 

The outlook for patients with adrenocortical carcinoma 
is poor. The antineoplastic drug mitotane reduces the 
symptoms and signs of Cushing’s syndrome but does little 
to prolong survival. Radiotherapy and chemotherapy are 
not successful in these patients. 
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The pheochromocytoma is a rare catecholamine-secreting 
tumor derived from chromaffin cells. The name has been 
derived from Greek language as in Greek phios means 
dusky, chroma means color and cytoma means tumor, and 
it refers to the color tumor cells acquire when stained with 
chromium salts. 

Paragangliomas are extra-adrenal pheochromocyto- 
mas due to the excessive catecholamine secretion; 
pheochromocytomas may precipitate life-threatening 
hypertension or cardiac arrhythmias. When the pre- 
operative diagnosis ofa pheochromocytoma is overlooked, 
the consequences could be disastrous, even fatal. 
Pheochromocytoma is potentially curable, if recognized 
early.'” 


Hemant B Tongaonkar 


PATHOPHYSIOLOGY 


Clinical manifestations of a pheochromocytoma result 
from excessive catecholamine secretion by the tumor. The 
catecholamines typically secreted, either intermittently or 
continuously, include norepinephrine and epinephrine; 
rarely, dopamine is secreted. Effects ofcatecholamines may 
include stimulation of alpha adrenergic receptors result in 
elevated blood pressure, increased cardiac contractility, 
glycogenolysis, gluconeogenesis and intestinal relaxation. 
The stimulation of beta adrenergic receptors results in an 
increase in heart rate and contractility. 

The catecholamine secretion in pheochromocytomas 
is not regulated in the same manner as in healthy adrenal 
tissue. The pheochromocytomas are not innervated 
and catecholamine release is not precipitated by neural 
stimulation. The mechanism of the triggering the 
pheochromocytoma for catecholamine release is unclear, 
but multiple mechanisms have been postulated, including 
direct pressure, medications and changes in tumor 
blood flow.*# 


Pheochromocytoma 


Usually, most  pheochromocytomas secrete 
norepinephrine predominantly, whereas secretions from 
the normal adrenal medulla are composed of roughly 
85% epinephrine. It is interesting to note that familial 
pheochromocytomas are an exception because they 
secrete large amounts of epinephrine and this is why the 
clinical manifestations of a familial pheochromocytoma 
differ from those of a sporadic pheochromocytoma.* 


MORTALITY/MORBIDITY 


Pheochromocytomas are rare and making the diagnosis 
is critical because the malignancy rate is 10%, and they 
may be associated with a familial syndrome. They may 
precipitate life-threatening hypertension, and the patient 
may be cured completely with their removal. 


Cardiovascular Morbidity 


Usually multiple cardiac manifestations are associated 
with pheochromocytomas of which hypertension is the 
most common complication. The cardiac arrhythmias, 
such as arterial and ventricular fibrillation, may occur 
because of excessive plasma catecholamine levels. Among 
other cardiac complications, it may include myocarditis, 
signs and symptoms of myocardial infarction (MI), dilated 
cardiomyopathy and pulmonary edema, either of cardiac 
or noncardiac origin.° 


Neurologic Complications 


Pheochromocytoma induced hypertensive crisis may 
precipitate hypertensive encephalopathy, which is 
characterized by altered mental status, focal neurologic 
signs and symptoms or seizures. Among other neurologic 
complications, there may be a stroke due to cerebral 
infarction oran embolic eventsecondary toa muralthrombus 
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from a dilated cardiomyopathy. There may be intracerebral 
hemorrhage because of uncontrolled hypertension.° 


HISTORY 


The pheochromocytomas occur in people of all races, 
although they are diagnosed less frequently in blacks 
and it occur with equal frequency in males, females and 
irrespective persons of any age with a peak incidence, 
however, between the third and the fifth decades of 
life. About 10% occur in children. In children, 50% of 
pheochromocytomas are solitary intra-adrenal, 25% are 
present bilaterally and 25% are extra-adrenal.® 

The pheochromocytoma may have varieties of 
presentations, which may includes headaches, palpitations 
and diaphoresis in association with severe hypertension 
and these four characteristics together are strongly 
suggestive of a pheochromocytoma (Box 94.1). The 
episodes may vary in occurrence from monthly to several 
times a day and the duration may vary from seconds to 
hours. Gradually, they worsen with time, occurring more 
frequently and becoming more severe as the tumor grows. 

Sometimes pheochromocytomas may occur in certain 
familial syndromes and they may include multiple 
endocrine neoplasia (MEN) 2A and 2B, neurofibromatosis 
(von Recklinghausen disease) and von Hippel-Lindau 
(VHL) disease. Multiple endocrine neoplasia 2A and 2B 
syndromes, which are autosomally inherited, have been 
traced to germline mutationsintheretproto-oncogene. This 
ret proto-oncogene, located on chromosome 10, encodes 
a tyrosine kinase receptor involved in the regulation of 
cell growth and differentiation. The pheochromocytomas 
occur bilaterally in the MEN syndromes in as many as 70% 
of cases. The MEN 2A (Sipple’s syndrome) is characterized 
by medullary thyroid carcinoma, hyperparathyroidism, 
pheochromocytomas and Hirschsprung’s disease.”® 

The VHLdiseaseis associated with pheochromocytoma, 
cerebellar hemangioblastoma, renal cell carcinoma, renal 
and pancreatic cysts, and epididymal cystadenomas 
and may present in nearly 19% of patients with 
pheochromocytomas.”* 


Box 94.1: Symptoms of pheochromocytoma 


The neurofibromatosis or Von Recklinghausen disease, 
is characterized by congenital anomalies of the skin, 
nervous system, bones and endocrine glands and in 
patients with neurofibromatosis have been found to 
have pheochromocytomas, but as many as 5% of patients 
with pheochromocytomas have been found to have 
neurofibromatosis. The neuroectodermal disorders 
associated with pheochromocytomas include tuberous 
sclerosis (Bourneville’s disease, epiloia) and Sturge- 
Weber syndrome. The pheochromocytomas may produce 
calcitonin, opioid peptides, somatostatin, corticotropin 
and vasoactive intestinal peptide.’® 


PHYSICAL EXAMINATION 


Clinical signs associated with pheochromocytomas 
include hypertension, postural hypotension, retinopathy, 
fever, pallor, tremor, café-au-lait spots and neurofibromas. 


Clinical Signs 


e Paroxysmal hypertension (50% of cases) 

e Postural hypotension (from volume contraction) 

e Hypertensive retinopathy 

e Weight loss 

e Fever 

e Tremor 

e Neurofibromas 

e Café-au-lait spots (light to dark brown cutaneous 
pigmentation 1-10 mm and occur at any place on the 
body particularly in axilla) 

e Tachyarrhythmia 

e Pulmonary edema 

e Cardiomyopathy. 


Precipitants of Hypertensive Crisis 


e Anesthesia induction 

e Opiates 

e Dopamine antagonists 

e Cold medications 

e Radiographic contrast media? 

e Drugs that inhibit catecholamine reuptake such as 
tricyclic antidepressants and cocaine 

e Childbirth. 


Differential Diagnoses 


e Angina pectoris 

e Carcinoid tumor 

e Hyperthyroidism 
e Anxiety disorders 
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e Hypoglycemia 

e Insulinoma 

e Menopause 

e Paroxysmal supraventricular tachycardia 
e Pulmonary edema, cardiogenic. 


Other Problems to be Considered 


e Alcohol withdrawal 

e Labile essential hypertension 

e Illegal drug use (phencyclidine, 
diethylamide and cocaine) 

e Migraine headache 

e Autonomic neuropathy 

e Toxemia of pregnancy 


lysergic acid 


WORK-UP 
Laboratory Features 


e Hyperglycemia 
e Hypercalcemia 
e Erythrocytosis. 


Laboratory Investigations 


The estimation of plasma metanephrine testing 
has the highest sensitivity (96%) for detecting a 
pheochromocytoma, but it has a lower specificity 
(85%) in comparison, a 24-hour urinary collection for 
catecholamines and metanephrines has a sensitivity of 
87.5% and a specificity of 99.7%. 

24-hour urine collection for creatinine, total 
catecholamines, vanillyl mandelic acid and metanephrines 
is helpful and has a high sensitivity and specificity. 

The chromogranin A is an acidic monomeric protein 
that is stored with and secreted with catecholamines and 
are 83% sensitive and 96% specific for identifying a pheo- 
chromocytoma. The chromogranin A levels are sometimes 
used to detect recurrent pheochromocytomas.’”” 


Imaging Studies 


About 90% of pheochromocytomas are located within 
the adrenal glands. Two percent pheochromochtomas 
are extra abdominal and they may occur anywhere 
from the base of the brain to the urinary bladder. The 
extra-adrenal pheochromocytomas develop in the 
paraganglion chromaffin tissue of the sympathetic 
nervous system. The common locations for extra-adrenal 
pheochromocytomas include the organ of Zuckerkandl 


(close to origin of the inferior mesenteric artery), bladder 
wall, heart, mediastinum, carotid and glomus jugulare 
bodies. The imaging studies should be performed only 
after biochemical studies have confirmed the diagnosis of 
pheochromocytoma.'*'° 


Magnetic Resonance Imaging 


Magnetic resonance imaging (MRI)is preferred over 
computed tomography (CT) scanning as it has a 
reported sensitivity of up to 100% in detecting adrenal 
pheochromocytomas, does not require contrast and 
expose the patient to ionizing radiation. The MRI is also 
superior to CT scanning for detecting extra-adrenal 
pheochromocytomas. In approximately 70% of cases, 
pheochromocytomas appear hyperintense on T2 
weighted images because of their high water content 
Figure 94.1.76 


Computed Tomography Scanning of the Abdomen 


The abdominal CT scanning has an accuracy of 85-95% 
for detecting adrenal masses with a spatial resolution of 1 
cm or greater. The CT scan can not detect lesions smaller 
than 1 cm. Adenoma from a pheochromocytoma cannot 
be differentiated with CT. Most pheochromocytomas have 
CT attenuation greater than 10 Hounsfield units (HU), 
they rarely contain sufficient intracellular fat to have an 
attenuation of less than 10 HU. The use of intravenous 
contrast poses a risk of inducing hypertensive crisis in 
patients with pheochromocytomas but the use of nonionic 
contrast found to be safe even in patients not receiving 
alpha- or beta-blocker.'*""° 


Fig. 94.1: Magnetic resonance imaging, T2 image showing a large 
suprarenal mass which was proved to be a pheochromocytoma 
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Scanning with lodine-131 Labeled 
Metaiodobenzylguanidine 


Nuclear scan with iodine-131 (I) labeled metaiodo- 
benzylguanidine (MIBG) is reserved for cases in which a 
pheochromocytoma is confirmed biochemically but CT 
scanning or MRI does not show a tumor. It is interesting 
to note that the molecular structure of iodine-123 (r>) 
MIBG resembles norepinephrine and concentrates within 
adrenal or extra-adrenal pheochromocytomas and also 
helpful in detecting cases of familial pheochromocytoma 
syndromes, recurrent pheochromocytoma or malignant 
pheochromocytoma. Somatostatin receptor analog indium- 
111 (In) pentetreotide may also be used to visualize 
pheochromocytomas that do not concentrate MIBG. 


Positron Emission Tomography Scanning 


The positron emission tomography (PET) with 
18F-fluorodeoxyglucose, which is selectively con- 
centrated as part of the abnormal metabolism of many 
neoplasms, has been demonstrated to detect occult 
pheochromocytomas. The pheochromocytomas usually 
show increased uptake on PET scanning, as do adrenal 
metastases. Currently, the most useful results have been 
obtained with 6-[18F] fluorodopamine PET scanning and 
carbon-11 hydroxyephedrine PET scanning. The PET 
scanning performed with both of these radioisotopes 
is extremely useful in the detection and localization of 
pheochromocytomas.'*!° 


Magnetic Resonance Spectroscopy 


The magnetic resonance (MR) spectroscopy can be used 
to distinguish pheochromocytomas from other adrenal 
masses. The resonance signature of 6.8 ppm appears to be 
unique to pheochromocytomas; the signature apparently 
is attributable to the catecholamines and catecholamine 
metabolites present in pheochromocytomas.'*'° 


ADDITIONAL TESTS AFTER THE DIAGNOSIS 
OF PHEOCHROMOCYTOMA 


When the diagnosis of pheochromocytoma is made, 
additional studies needed to perform to rule out a familial 
syndrome, such as MEN 2A or 2B. 

e A serum intact parathyroid hormone level and a 
simultaneous serum calcium level to rule out primary 
hyperparathyroidism (part of MEN 2A). 

e Aserum calcitonin level should be estimated. 

e Ascreening for mutations in the ret proto-oncogene in 
any patient with a familial syndrome. 


e An ophthalmologist consultation to rule out retinal 
angiomas and consider brain MRI to exclude cerebellar 
hemangioblastomas (VHL disease). 

Patients with seizures, unexplained shock, weight loss, 
cardiomyopathy, neurofibromatosis and/or orthostatic 
hypotension should be screened for pheochromocytomas. 
The use of selective venous sampling to localize 
pheochromocytomas is generally not helpful in detecting 
extra-adrenal tumors because catecholamine levels have 
marked variability. But as the primary catecholamine 
produced and stored in the adrenal gland is epinephrine, 
a ratio of norepinephrine to epinephrine that is more than 
1 suggests a pheochromocytoma.'*"® 


HISTOLOGIC FINDINGS 


The pheochromocytomas vary from 2 g to 3 kg but, on 
average, weigh 100 g (healthy adrenal gland weighs 4-6 g). 
These tumors are well encapsulated, highly vascular and 
appear reddish brown on cut section as in Figure 94.2. 

On histology, the tumor cells are arranged in balls 
and clusters separated by endothelial-lined spaces; this 
classic pattern characteristic of pheochromocytoma is 
termed Zellballen (Fig. 94.3). Tumor cells vary in size and 
shape and have finely granular basophilic or eosinophilic 
cytoplasm and the nuclei are round or oval with prominent 
nucleoli. Hyperchromasia and nuclear gigantism are 
common. 


STAGING 


About 10% of pheochromocytomas are malignant. The 
evidence of direct invasion of surrounding tissue or the 
presence of metastases determines malignancy. There 
is no reliable clinical, biochemical features distinguish a 
malignant from a benign pheochromocytoma. The special 
features that may suggest a malignant course include 


Fig. 94.2: Patient with clinical symptoms of hypertension. Image 
shows adjacent normal adrenal gland with paraganglioma (pheo- 
chromocytoma) involving adrenal medulla 
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Fig. 94.3: Micrograph of a pheochromocytoma (at high magni- 
fication) showing the characteristic stippled (finely granular) 
chromatin. The chromatin pattern is sometimes referred to as “salt 
and pepper” chromatin 


large tumor size and DNA ploidy pattern (aneuploidy, 
tetraploidy). The most common metastatic sites include 
bone, liver and lymph nodes. 


TREATMENT 


Medical Care 


The surgery is curative for the hypertension. Pretreatment 
with alpha and beta-blockers is required to control blood 
pressure and prevent intraoperative hypertensive crisis. 
The patient should undergo volume expansion with 
isotonic sodium chloride solution and liberal salt intake 
may be encouraged. Beta-blocker should be added only 
after adequate alpha blockade. ‘The last doses of oral alpha 
and beta-blockers are given on the morning of surgery. 


Surgical Care 


A team of experienced anesthesiologist and an 
experienced surgical team are crucial to obtain the success 
of the operation. The surgical mortality rates are less than 
2-3% with an experienced anesthesiologist and surgeon. 
Using an arterial line, cardiac monitor and Swan-Ganz 
catheter may provide additional help in monitoring the 
patient during the operation. A stress dose steroid should 
be administered if bilateral resection is planned. 

Midline abdominal approach was used in the past; 
however, in current practice, laparoscopic adrenalectomy 
is the preferred procedure for lesions smaller than 8 cm. 


When the pheochromocytoma is intra-adrenal, removal of 
the entire adrenal gland is logical. In case of a malignant 
pheochromocytoma, a radical procedure would be 
appropriate." 

Intravenous phentolamine, a rapid acting alpha- 
adrenergic antagonist, is used to control blood pressure 
during the intraoperative period. The rapid acting 
intravenous beta-blockers, such as esmolol, are also used 
to normalize blood pressure. When long-term therapy is 
required, e.g. metastatic pheochromocytoma, selective 
alpha-1 blocking agents, such as prazosin (Minipress), 
terazosin (Hytrin) and doxazosin (Cardura), are often 
used.’® 


FOLLOW-UP 


The plasma-free metanephrines should be evaluated 
postoperatively at 2 weeks. When the results are within 
the reference range, resection is deemed completely 
and patient survival approaches age-matched controls. 
This assures the resolution of the hypertension and any 
associated complications. The plasma metanephrine levels 
should be checked yearly for 5 years. Five-year survival 
rate for people with nonmalignant pheochromocytomas is 
more than 95% but with malignant pheochromocytomas, 
the five-year survival rate is less than 50%. 


REFERENCES 


1. Waguespack SG, Rich T, Grubbs E, et al. A current review 
of the etiology, diagnosis and treatment of pediatric 
pheochromocytoma and paraganglioma. J Clin Endocrinol 
Metab. 2010;95(5):2023-37. 

2. Sheps SG, Jiang NS, Klee GG, et al. Recent developments in 
the diagnosis and treatment of pheochromocytoma. Mayo 
Clin Proc. 1990;65(1):88-95. 

3. Parnaby CN, Serpell MG, Connell JM, et al. Perioperative 
haemodynamic changes in patients undergoing 
laparoscopic adrenalectomy for pheochromocytomas and 
other adrenal tumors. Surgeon. 2010;8(1):9-14. 

4. Elenkova A, Matrozova J, Zacharieva_ S, 
Adiponectin-a possible factor in the pathogenesis of 
carbohydrate metabolism disturbances in patients with 
pheochromocytoma. Cytokine. 2010;50(3):306-10. 

5. Boulkina LS, Newton CA, Drake AJ 3rd, et al. Acute 
myocardial infarction attributable to adrenergic crises in a 
patient with pheochromocytoma and neurofibromatosis 1. 
Endocr Pract. 2007;13(3):269-73. 

6. Beard CM, Sheps SG, Kurland LT, et al. Occurrence of 
pheochromocytoma in Rochester, Minnesota, 1950 through 
1979. Mayo Clin Proc. 1983;58(12):802-4. 


et al. 


623 


624 


10. 


11. 


12. 


Section 14 Diseases of the Adrenal Gland 


Neumann HP, Berger DP, Sigmund G, et al. Pheochro- 
mocytomas, multiple endocrine neoplasia type 2, and von 
Hippel-Lindau disease. N Engl J Med. 1993;329(21):1531-8. 
Bessell-Browne R, O’Malley ME. CT of pheochromocytoma 
and paraganglioma: risk of adverse events with iv. 
administration of nonionic contrast material. AJR Am 
J Roentgenol. 2007;188(4): 970-4. 

Gergics P, Patocs A, Toth M, et al. Germline VHL gene 
mutations in Hungarian families with von Hippel-Lindau 
disease and patients with apparently sporadic unilateral 
pheochromocytomas. Eur J Endocrinol. 2009;161(3):495-502. 
Baid SK, Lai EW, Wesley RA, et al. Brief communication: 
radiographic contrast infusion and catecholamine release 
in patients with pheochromocytoma. Ann Intern Med. 
2009;150(1):27-32. 

Kudva YC, Sawka AM, Young WF Jr. Clinical review 164: 
The laboratory diagnosis of adrenal pheochromocytoma: 
the Mayo Clinic experience. J Clin Endocrinol Metab. 
2003;88(10):4533-9. 

de Jong WH, Eisenhofer G, Post WJ, et al. Dietary influences 
on plasma and urinary metanephrines: implications for 


13. 


14. 


15. 


16. 


17. 


18. 


diagnosis of catecholamine-producing tumors. J Clin 
Endocrinol Metab. 2009;94(8):2841-9. 

Blake MA, Kalra MK, Maher MM, et al. Pheochromocytoma: 
an imaging chameleon. Radiographics. 2004;24 (Suppl 1): 
$87-99. 

Blake MA, Krishnamoorthy SK, Boland GW, et al. 
Low-density pheochromocytoma on CT: a mimicker of 
adrenal adenoma. AJR Am J Roentgenol. 2003;181(6): 
1663-8. 

Faria JF, Goldman SM, Szejnfeld J, et al. Adrenal masses: 
characterization with in vivo proton MR spectroscopy-- 
initial experience. Radiology. 2007;245(3):788-97. 

Bravo EL, Gifford RW Jr. Current concepts. Pheochro- 
mocytoma: diagnosis, localization and management. 
N Engl J Med. 1984;311(20):1298-303. 

Li QY, Li E Laparoscopic adrenalectomy in pheochro- 
mocytoma: retroperitoneal approach versus transperitoneal 
approach. J Endourol. 2010;24(9):1441-5. 

Wong C, Yu R. Preoperative preparation for pheochro- 
mocytoma resection: physician survey and clinical practice. 
Exp Clin Endocrinol Diabetes. 2010;118(7):400-4. 


Section 


1 D Practical Urology 


- Catheters for Urinary Tract 

e Male Urethral Catheterization 

e Female Urethral Catheterization 

e Common Practical Problem for the Residents 

e Image Reproduction for Teaching, Documentation and Research 
e Principles of Intravesical Chemotherapy and Immunotherapy 

e Urological Equipment 

e irrigating Solutions for Urological Endoscopic Surgery 

e Clean Intermittent Self-catheterization 


Chapter 


95 


PRELUDE 


Most urological interventions complete with cathe- 
terization. Selection of the proper catheter in proper time, 
its management and various complications give rise to 
endless issues most of which will probably be answered 
in the process of acquiring experience. This section is 
intended to resolve some of the problems before they are 
met and so help to avoid the painful process of trail and 
error at the cost of patient’s discomfort and complications. 

The essential purpose of all urinary catheters is to 
drain some part of the urinary tract for short or long 
periods. Some are also used as splints after operations, e.g. 
ureteral stents. Catheter can also be used as temporary 
urinary diversion techniques until healing takes place, e.g. 
nephrostomy catheter in obstructive uropathy. Probably, 
the most frequent practical maneuver is asked to perform 
to relieve urinary retention. This can be done by using 
either a urethral catheter or a suprapubic catheter. 
Ureteric catheters, stents, nephrostomy catheters, etc. are 
often used for specific indications (Fig. 95.1). 


URETHRAL CATHETERS 


The time-honored method of relieving retention of urine is 
to pass a urethral catheter (Fig. 95.2). The most commonly 
used urethral catheter is the Foley’s catheter (named after 
Dr Frederic Foley in the mid-1930s). Foley’s catheters are 
manufactured with varieties of materials. The balloon 
capacity varies and the volume required for inflation 
is marked on the catheter. You should use the smallest 
capacity balloon (usually 5-10 mL) that will retain the 
catheter in position the larger balloons may be necessary 
under specific circumstances, such as after transurethral 
surgery. The external diameter of the catheter is indicated 
by Charriére gauge (marked Ch) or French gauge (marked 
Fr). A 10 Fr is equivalent to 3.3 mm; 20 Fr is equivalent 
to 6.6 mm (1 m = one-third of mm). The eyes or holes at 
the end or tip of the catheter vary in number, size and 
position. The shape of the catheter tip may be straight or 
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Fio, yo20,—Hatchiason'’s Prostatic Catheter. 


A silver prostatic catheter, with a lange eye in its concavity, permitting of the introdactioa of a portion of india 
rubber tebe through it. After introducieg the tabing into the bladder, the catheter is withdrawn, and a small nozzle, 
wih rings, Is introdeced into the end of the india rubber tube to allow of its being Sred to the penis, A stilettod 
pieg for the nonde, intended in the Ért place to plug its oridice, and im the second to stifica the Érst three laches of 
the tebe, will peevent its being beet and expelled. The porsie, having been passed into the mestes, is fastened Gray 
to the penis by means of tapes and plaster. 


Fro, 9021.—French Gum Prostatic Catheter, 


** French cum clastic catheters with a conical and 

belbows joint are often of valve om account of the 

ease pad safety of Uncie introduction, They are ad- 

———— mirably fitted for a patient's own use, since their 

texidility renders it almost imposible for him to do 

himself harm.”—** Venerea! Diseases,” Bumstead 
and Taylor, poge 284. 1879. 


Fee. 3023. — French Otivary Gam Catheter. 
** Mercier’s elbowed catheters (single 
of dowlle curves) have Gred angles so as 


to override otstrocthoas in the floor of the 


Fio, 3024—Mercier’s urethra, such as posterior median hyper- 
Elbowed Cmheter. trophy, The point follows the reof of the 
Fro, 025.—Mercier's canal of strikes any obstacle upon its ine 
DMS Elbosed | ined surface, and at an angle which allows 
Catheter. the instrament to ride over the obstrace 


Fro. sox. —O thee. For dificek cases these catheters 
Geom Cathetes. 


Fio, 3022.—Olivary Gum Catheter, 


are lnvaleatie."—" Geoio-Urisary Dis- 
eases.” Van Beren and Keyes. 

* The patient should be cautioned against wsing 
cum catheters which are at all worn or cracked, or 
whose eyes are deformed by use, as the slightest in- 
equality in the instrument casses pain and leritation 
and even erosion of the urethral mvecows membrane. 

Orchitin, which is by no means an infrequest coase- 
=] eee quence of often repeated catbeterism, is also traceable 
to the use ef defective ce worn cat cathetern.”"— 
" Diseases of the Urinary Organs.” Gowky. Page 


Fics, 3027. J008, yooo. 
agiish Silk W 


gind edd Catheters, 


yellow elaaic catheters are stiffer than 
ach —more darable and easier to keep. 
1l stich together ia hot weather unless 
tered with soap-stoce dust and kept ina 


Fig. 95.1: Examples of catheter use reported during the Civil War 
from the history of surgical and medical records (Source: Catheters 
from Gemrig's Catalog c. late 1860s) 


slightly curved, i.e. Coude and Bicoude. The length of a 
standard male Foley’s catheter is approximately 39 cm, 
but shorter catheters are available, one of approximately 
22 cm in length for females and a pediatric catheter of 
approximately 25 cm. 
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Fig. 95.2: Red rubber urethral catheters 


All sizes are available, each with a variety of tip types, eye 
portions and balloon sizes. They are fairly soft, relatively 
cheap and suitable for initial catheterization in case of 
uncomplicated retention (Fig. 95.3). A 14 Fr or 16 Fr 
two-way catheters should be used unless these prove to 
be too big. They are not advisable for cases, which will 
require bladder syringe suction, because the lumen tends 
to collapse when negative pressure is applied. They are not 
suitable for use as long-term indwelling catheters, since 
they tend to allow encrustation to form on their surfaces 
and also encourage debris to form in the bladder, which, in 
turn, causes catheter blockage and causes infection. Also, 
they are often responsible for stricture formation if left in 
situ for long periods. Two-way catheters and three-way 
catheters are available but latex catheters are best avoided 
if irrigation is required, because a standard three-way 
latex Foley’s catheter usually has a much smaller outflow 
channel than a three-way plastic catheter of the same 
external caliber. 

It should be mentioned briefly here that some latex 
catheters are manufactured from high-modulus latex 
and some incorporate nylon winding in the wall. These 
modifications make them stiffer and thus capable of 
effectively supporting a larger internal lumen. They 
are also less likely to collapse during suction. A further 
modification is the latex catheter coated with Teflon. This 
effectively reduces the likelihood of encrustation and 
stricture formation. 


Fig. 95.3: Latex Foley’s catheters 


These are not usually used for initial catheterization 
except in a case of clot retention. They are relatively stiff 
and therefore potentially damaging the urethra during 
introduction. These are however, the best catheters to use, 
if suction is necessary or if irrigation is required, since the 
outflow lumen of a three-way plastic catheter is relatively 
larger than that in the equivalent standard latex catheter 
and they do not tend to collapse when suction is applied. If 
suction and irrigation are required, 20 Fr or 22 Fr catheter 
should be used (Fig. 95.4). 
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Two varieties exist, the pure silicone catheter and the 
silicone elastomer-coated catheter (Fig. 95.5). The latter is 
slightly the cheaper of the two, but both are expensive and 
should not be used for initial short-term catheterization. 
These catheters are usually colored green, blue or white. 


Fig. 95.5: Silicone straight Foley's catheter, 22 French/3-way/ 
30 cc balloon/straight tip 


Fig. 95.6: Jacques or Nelaton catheters 


They are mainly for use as long-term indwelling catheters 
and since their surface is made of silicone, they tend not 
to create debris or block as commonly as a latex catheter. 
The manufacturers suggest that they can remain in situ 
for approximately 12 weeks. A 14 Fr or a 16 Fr catheter for 
long-term drainage is usually recommended. 


It is expensive but very suitable for long-term indwelling 
catheter drainage. As claimed to be biocompatible it is 
expected to result in less urethritis and stricture formation. 
Sometimes it is presented with antibiotics or antiseptics 
coated on surface to prevent infection. 


This is a fine plastic catheter held in the bladder by external 
flanges which are taped to the penis. There is no Foley’s 
balloon. Theoretically, they are good but in fact they 
prove difficult to maintain in situ. They are rarely used in 
everyday practice but are worth knowing about. They can 
sometimes be passed through a strictured urethra when 
other catheters fail, mainly because they are relatively stiff 
despite their narrow gauge. 


These are narrow straight single-lumen plastic catheters 
(Fig. 95.6). They are very suitable for emptying the bladder 
and then withdrawing straight away—they have no self- 
retaining device. They may be short or long, for female 
and male, respectively. This catheter is often used for 
intermittent self-catheterization. 


These are manufactured with or without a Foley’s balloon 
(Figs 95.7A and B). They have an oliver tapered end and 


Figs 95.7A and B: (A) Tiemann catheters; (B) Tiemann Foley’s catheters 
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are rather stiff. They are very suitable for self dilatation 
of urethra following urethral stricture management with 
optical urethrotomy or after urethroplasty. These catheters 
are not recommended for routine use because of the 
danger of piercing the urethra. Tiemann Foley’s catheters 
may be useful in some cases of prostatic surgery. 


Suprapubic Catheters 


Trainee urologist should become competent in the use 
of available suprapubic catheters as soon as possible. 
This technique of emptying the bladder is preferable 


Fig. 95.8: Suprapubic catheter kits: Designed for improved perfor- 
mance, each kit contains one Biocath™ catheter, one introducer 
with sharp stainless steel tip, one sheath with tear-off strip and one 
scalpel for initial incision available in 12 Ch or 16 Ch. The catheter 
can Stay in situ for up to 12 weeks 


to the damage caused to the urethra by inappropriate 
attempts to pass urethral catheters. Suprapubic catheters 
are not usually satisfactory for permanent or long-term 
bladder drainage but are very suitable for short periods. 
Suprapubic catheter tip is shown in Figure 95.8. 

There are many types of suprapubic catheters currently 
available. The following are commonly used but the list 
is not intended to be exhaustive. New designs appear 
frequently. 


Suprapubic Emergency Catheters 


These systems are relatively atraumatic. They are inserted 
by means ofa central trocar needle. Since they are of small 
caliber, they are suitable for short-term use only. They have 
a Malecot device or a balloon at the proximal end and are 
made of polyamide and therefore do not kink (Figs 95.9A 
and B). External fixations are relatively easy and effective. 


Ureteric Catheters 


Ureteric catheters are employed frequently in theater. 
They are used for diagnostic or drainage purpose and are 
usually placed in the course of cystoscopy. 


Chevassu Type of Catheter 


These catheters are used in theater at cystoscopy to 
obtain an ascending ureteropyelogram. The expanded 
end is placed in the ureteric orifice and radiopaque dye is 
injected into the ureter and hence into the pelvicalyceal 


Figs 95.9A and B: (A) Suprapubic emergency catheters; (B) Suprapubic emergency catheters in place 
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system. The X-rays are taken in theater, often making use 
of the image intensifier. 
Ureteric Whistle Tip Catheters 


These catheters are used to introduce radiopaque dye into 
the renal pelvis when pyelogram, but not ureterogram, is 


Fig. 95.10: Bard polyurethane ureteral catheter, whistle tip, 5 Fr 


Fig. 95.11: Malecot catheters 


required. The catheter may be passed up the ureter and 
into the renal pelvis at cystoscopy, and the patient may be 
moved to the X-ray department for screening. They may 
also be used as a temporary indwelling drain to the renal 
pelvis in cases of ureteric obstruction, or as a splint or stent 
following ureteric surgery (Fig. 95.10). 


Pigtail Stents (J-stents) 


Stents are used to drain obstructed kidney. Stents are 
tubes, named after dentist Dr Stent. The coiled “pigtail” 
serves as a self-retaining device in the renal pelvis. They 
may be single-ended or double-ended pigtail. The single- 
ended pigtail coils in the renal pelvis and the lower end 
is brought out via the bladder and urethra to the surface. 
The double-ended pigtail coils both in the renal pelvis and 
(the lower end) in the bladder and does not drain on to the 
surface. A guidewire is passed first to the required position 
and the stent is then passed over the guidewire. They may 
be left in the ureter for 6-12 weeks. This is usually removed 
via cystoscopy. 


Renal Catheters (Nephrostomy or 
Pyelostomy Catheters) 


Malecot Catheters 


These are used frequently as a nephrostomy tube and are 
usually inserted at open operation or after a percutaneous 


Fig. 95.12: Cumming's catheter 
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Figs 95.13A to C: Various types of ureteric catheters 


procedure. They have a weak self-retaining device and 
are required to be stitched to maintain position. They 
are occasionally used as a bladder suprapubic catheter 
(Fig. 95.11). 


Cumming’s Catheter 


It is a Malecot catheter with a narrow ureteric extension, 
which is used as a nephrostomy tube when splinting 


of the ureter is also required, e.g. after a pyeloplasty or 
ureterotomy (Fig. 95.12). 


Ureteric Catheters 


Ureteric catheterization may be an integral part of various 
urological procedures such as retrograde ureteropylogram. 
Various types of ureteric catheter are available for a wide 
range of procedures and are shown in Figures 95.13A to C. 


Chapter 


6 Male Urethral Catheterization 


PRELUDE 


Urethral catheterization is a routine medical procedure that 
facilitates direct drainage of the urinary bladder.’ It may 
be used for diagnostic purposes (to help determine the 
etiology of various genitourinary conditions) or therapeutic 
purposes (to relieve urinary retention, instill medication, 
or provide irrigation). Catheters may be inserted as an 
in-and-out procedure for immediate drainage, left in with 
a self-retaining device for short-term drainage (e.g. during 
surgery), or left indwelling for long-term drainage for 
patients with chronic urinary retention. Patients of all ages 
may require urethral catheterization, but patients who are 
elderly or chronically ill are more likely to require indwelling 
catheters, which carry their own independent risks." 

The basic principles underlying urethral catheterization 
are gender-neutral, but the specific aspects, important in 
the technique of male catheterization, are described in 
this article for a procedural description for female patients. 

The urethra is an extremely sensitive structure and 
catheterization is an uncomfortable procedure; therefore 
one should use plenty of local anesthetic lubricant. The 
normal adult urethra usually measures approximately 26 
Fr in caliber, although it is often narrower at the external 
meatus. Always use a small catheter, e.g. 14 Fr or 16 Fr 
catheters, for initial catheterization, in order to minimize 
the complications related to catheter. One must never 
use force if difficulties arise, a smaller-gauge catheter or 
suprapubic catheterization would be indicated. There 
is never any justification for being overzealous. It takes 
only a second to damage urethra, but to the patient this 
may mean a lifetime of micturition difficulties, repeated 
instrumentation and hospitalization. The patient should 
be explained fully about the procedure. The materials and 
equipments should be fully organized before start.” 


HISTORY OF CATHETERIZATION 


The Sushruta Samhita, an early Indian surgical text (circa 
1000 BCE), described gold, silver, iron and wood tubes 


Moudud Hossain Alamgir, Shohrab Hossain 


lubricated with ghee (liquid butter) for evacuation of urine, 
management of urethral stricture disease, instillation of 
medication and assistance in lithotomy. 

The first millennium ended with the advances of 
Avicenna (9807-1037 AD), a Persian philosopher, scientist 
and physician. In Cannon of Medicine, Avicenna described 
uroscopy, the macroscopic inspection of urine to determine 
diagnosis and prognosis. He was also warned against 
catheterization when a bladder was inflamed and cautioned 
that catheterization must be performed gently and without 
force, using soft cheese as a lubricant (Fig. 96.1). 

The first urinary catheter is reported to have been passed 
by John of Gaddesden (1300-1367) and catheterization 
was illustrated in some of the earliest texts. When a tube 
could not easily be passed into the bladder to relieve the 
obstruction, other procedures to enter the bladder were 


Fig. 96.1: An Arabian Physician in about 9th century putting a 
primitive catheter in the urethra to relieve the urinary retention 
(Courtesy: MEDICINE: Perspectives in History and Art) 
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devised, some quite novel, though all probably as painful 
and dangerous as the condition itself. 


INDICATIONS 
Diagnostic Indications 


e Collection of uncontaminated urine specimen 
e Monitoring of urine output 
e Imaging of the urinary tract. 


Therapeutic Indications 


e Acute urinary retention [e.g. benign prostatic hyper- 
trophy (BPH), blood clots]* 

e Chronic obstruction that causes hydronephrosis* 

e Initiation of continuous bladder irrigation 

e Intermittent decompression for neurogenic bladder 

e Hygienic care of bedridden patients. 


CONTRAINDICATIONS 


Urethral catheterization is contraindicated in the presence of 
traumatic injury to lower urinary tract (e.g. urethral tear). This 
condition may be suspected in male patients with a pelvic or 
straddle-type injury. Signs that increase suspicion for injury 
are a high-riding or boggy prostate, perineal hematoma, 
or blood at the meatus. When any of these findings are 
present in the setting of concerning trauma, a retrograde 
urethrogram should be performed to rule out a ureteral tear 
prior to placing a catheter into the bladder. Urethral injury 
should have a suprapubic urinary diversion.*“ 


MATERIALS FOR URETHRAL CATHETERIZATION 


e Foley’s catheter 14 Fr-1 

e Sterile gloves: 2 pairs 

e 2% Xylocaine jelly: 1 tube 

e 10 cc syringe: 2 

e Distilled water: 10 mL 

e Urine collecting bag: 1 

e Kidney tray: 2 

e Gauge, cotton and linens: 1 set 

e Dressing forceps: 2 

e Antiseptic solution for skin preparation. 


APPLIED ANATOMY 


The male urethra is relatively fixed at the level of the 
urogenital diaphragm and symphysis pubis; downward 
traction on the penis kinks and promotes urethral folding 
at the level of the penile suspensory ligament. The normal 


male urethra is approximately 20 cm long from the 
external urethral meatus to the bladder neck. The posterior 
prostatic urethra is approximately 3.5 cm long and the 
contiguous external sphincter or urogenital diaphragm 
that encompasses the membranous urethra is 4 cm from 
the bladder neck. 


Emergency Drainage 


Emergency drainage of the bladder in acute retention may 
be undertaken by urethral catheterization, suprapubic 
puncture or by suprapubic cystostomy. 

Urethral catheterization or bladder puncture is usually 
adequate, but cystostomy may become necessary for the 
removal of a bladder stone or foreign body, or for more 
prolonged drainage; for example, after rupture of the 
posterior urethra or if there is a urethral stricture with 
complications. If a catheter’s balloon fails to deflate, inject 
3 mL of ether into the tube leading to the balloon. This 
will rupture the balloon. Cut it off and remove it. Prior to 
removing the catheter, irrigate the bladder with 30 mL of 
saline.*° 


CATHETERS AND BASIC DESIGNS 


A Foley’s catheter (indwelling urinary catheter) is retained 
by means of a balloon at the tip which is inflated with 
sterile water. The balloons typically come in two different 
sizes: (1) 5 cc and; (2) 30 cc. They are commonly made in 
silicone rubber or natural rubber (Figs 96.2 and 96.3). 

A Robinson catheter is a flexible catheter used for short- 
term drainage of urine. Unlike the Foley’s catheter, it has no 
balloon on its tip and therefore cannot stay in place unaided. 

A Coudé catheter is designed with a curved tip that 
makes it easier to pass through the curvature of the 
prostatic urethra. 


Fig. 96.2: All silicon Foley’s catheter 
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Fig. 96.3: Silicon-coated Foley’s catheter 


A hematuria catheter is a type of Foley's catheter used 
for post-transurethral resection of prostate hemostasis. 
This is useful following endoscopic surgical procedures or 
in the case of gross hematuria. There are both two-way and 
three-way hematuria catheters (double and triple lumen). 

Catheter diameters are sized by the French catheter 
scale (F). The most common sizes are 10 (3.3 mm)-28 F (9.3 
mm). The clinician selects a size large enough to allow free 
flow of urine, and large enough to control leakage of urine 
around the catheter. A larger size can become necessary 
when the urine is thick, bloody or contains large amounts 
of sediment. Larger catheters, however, are more likely to 
cause damage to the urethra. Some people develop allergies 
or sensitivities to latex after long-term latex catheter use 
making it necessary to use silicone or teflon types. Silver 
alloy coated urinary catheters may reduce infections. 


URETHRAL CATHETERIZATION IN 
THE MALE PATIENT 


e Admit the patient. If he is in severe pain, give him 
pethidine. This may help him to pass urine. Explain 
what you are going to do. Make sure you have 
help. Scrub and put on sterile gloves. Make him sit 
comfortably in a good light with his legs apart and a 
waterproof sheet under him. Drape him. 

e Reassure the patient that catheterization is atraumatic 
and usually uncomfortable rather than painful. Explain 
the procedure. Wash the area with soap and water, 
retracting the prepuce to clean the furrow between it and 
the glans. Put on sterile gloves and, with sterile swabs, 
apply a bland antiseptic to the skin of the genitalia. 
Isolate the penis with a perforated sterile towel. 

e Using a syringe without a needle, put 10 mL of 
lignocaine gel into his urethra, and keep it there for 


4 minutes with a penile clamp or with light pressure 
from your finger and thumb. Allow it to act for at least 
4 minutes. Half the trouble in passing a catheter comes 
from not doing this. 

Start with a 14 or 16-Ch Foley’s catheter (smaller 
latex ones may be too supple). Hold his penis straight 
upwards to flatten out its folds. Take the catheter in 
your other gloved hand. Do not touch either your skin, 
or his skin. Push it gently into his meatus, and down his 
urethra, while keeping his penis straight. 

Normally at 12-15 cm, the catheter may stick at the 
junction of the penile and bulbous urethra, in this case 
angle it down to allow it to enter the posterior urethra. 
A few centimeters further, there may be resistance 
caused by the external bladder sphincter, which can be 
overcome by a gentle pressure applied to the catheter 
for 20-30 seconds. Urine escaping through the catheter 
confirms entry into the bladder. There may be a delay 
in emerging of the urine through the catheter due to 
the time taken to dissolve the lubricant anesthetic 
gel. Aspiration with a 10 mL syringe will confirm the 
correct placement of the catheter. 

Before you pass a catheter, think for a moment about 
what you want to do with it. Ifyou are going to drain urine 
from a healthy patient, who cannot pass urine after a 
hernia operation, use a soft rubber Jacques catheter. If it 
has only to let out urine, its lumen can be narrow. If you 
expect bleeding, and want to irrigate a bleeding bladder, 
so as to dilute the blood in it and prevent its clotting, you 
will need a catheter with an irrigating channel. If you 
need to suck out clots, choose a large catheter made of 
stiff material which will not collapse. 

If you are trying to pass urethral catheter in a patient of 
BPH presented with acute retention of urine you should 
use a larger bore trichannel catheter may be 20/22 size. 
Contrary to normal belief the smaller bore catheter, 
e.g.14/16 size is frequently unable to overcome the 
resistance offered by the compressive prostatic lobes 
and the procedure becomes unsuccessful. Following 
the reduction of edema, if the catheter is to be kept for 
a longer time, it may be replaced with a smaller bore 
silicone or silicon coated Foley’s catheter. 

In a patient with urethral stricture, an attempt of 
passing a Foley’s catheter may be unsuccessful, but a 
5/6 Fr feeding tube is frequently successful to relieve 
acute retention in this group of cases. 

Advance the catheter 5-10 cm before inflating the 
balloon. This prevents the balloon inflating in the 
prostatic urethra. If the catheter fails to pass the 
bulbous urethra and the membranous urethra, try a 
semi-rigid Coudé catheter but never use force. 
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e If it still does not pass, this may be due to following 

reasons: 

— The catheter may be too large (try a smaller one) 

— His sphincter may not be relaxed because he is 
frightened 

— The catheter may have caught in mucosal pockets 
in the patient’s urethra; you can easily make these 
into a false passage, if you are not careful 

— The patient may have a strictured urethra (trial with 
a feeding tube or ureteric catheter becomes often 
successful to relive the retention) 

— The patient may have a large prostate, which distorts 
his urethra (use of a large bore catheter 20/22 
trichannel Foley’s catheter is often successful). 


Two Choices 


1. You can do a suprapubic needle puncture. This may be 
your first choice for: 
e ‘The postoperative retention 
e Long-standing retention with overflow 
e Retention from any cause in the middle of the night. 
Often, after aspirating him for 8 or 12 hours, the 
edema at his bladder neck may settle, and a catheter 
may now pass more easily (unless he has a stricture). 
2. Ifasecond attempt at catheterization fails, suprapubic 
catheterization would probably be the best logical 
choice. This is safer than persisting with attempts to pass 
aurethral catheter. Ifyouleavehisurethraaloneinrestfor 
2 or 3 days, a further attempt to pass a catheter will 
often be successful.° 


CATHETER MAINTENANCE 


A catheter that is left in place for more than a short period 
of time is generally attached to a drainage bag to collect the 
urine. This also allows for measurement of urine volume. 
There are two types of drainage bags: 

1. The first is a leg bag, a smaller drainage device that 
attaches by elastic bands to the leg. A leg bag is usually 
worn during the day, as it fits discreetly under pants or 
skirts, and is easily emptied into a toilet. 

2. The second type of drainage bag is a larger device 
called a down drain that may be used overnight. This 
device is hung on a hook under the patient’s bed—they 
are never to be placed on the floor due to the risk of 
bacterial infection. 

During long-term use, the catheter may be left in place 
during the entire time, or a patient may be instructed on a 
procedure for placing a catheter just long enough to empty 
the bladder and then removing it (known as intermittent 
self-catheterization).’ Patients undergoing major surgery 


are often catheterized and may remain so for some time. 
The patient may require irrigation of the bladder with 
sterile saline injected through the catheter to flush out 
clots or other matter that does not drain.° 


Effects of Long-term Use 


The duration of catheterization can have significance 
for the patient. Incontinent patients commonly are 
catheterized to reduce their cost of care. However, long- 
term catheterization carries a significant risk of urinary 
tract infection, as this risk catheterization is a last resort for 
the management of incontinence where other measures 
have proved unsuccessful. Other long-term complications 
may include blood infections (sepsis), urethral injury, 
skin breakdown, bladder stones and blood in the urine 
(hematuria). After many years of catheter use, bladder 
cancer may also develop. 


Combating Infection 


Everyday care of catheter and drainage bag is important 

to reduce the risk of infection. Such precautions include: 

e Cleansing the urethral area (area where catheter exits 
body) and the catheter itself 

e Disconnecting drainage bag from catheter only with 
clean hands 

e Disconnecting drainage bag as seldom as possible 

e Keeping drainage bag connector as clean as possible 
and cleansing the drainage bag periodically 

e Use of a thin catheter where possible to reduce risk of 
harming the urethra during insertion 

e Drinking sufficient liquid to produce at least 2 liters of 
urine daily 

e Sexual activity is very high risk for urinary infections, 
especially for catheterized women. 


PROBLEMS DURING URETHRAL CATHETERIZATION 
Phimosis 


This is rarely, in itself, a cause of acute retention but may 
be an associated condition. The tight prepuce may make 
it difficult or impossible to find the external meatus and 
so will prevent catheterization. Occasionally it may be 
possible to stretch the phimosis sufficiently with an 
artery forceps to expose the meatus, but this exercise will 
probably be too painful. 

A “dorsal slit” of the prepuce is necessary in most cases. 
For this a local anesthetic subcutaneous ring block is used 
(lignocaine 1% or Marcain 0.5% without adrenaline). With 
scissors or a scalpel blade, the prepuce overlying the dorsum 
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of the glans is then cut just sufficiently to allow exposure of 
the meatus. All these procedure should be done in operating 
theater. If the phimosis cannot be dealt with adequately in 
this way, suprapubic catheterization should be considered. 


Paraphimosis 


This occurs when a relatively tight prepuce has been pulled 
back proximal to the glans and has not been returned to its 
normal position. The prepuce in the new position forms 
a tight band around the coronal, resulting in local edema. 
The glans and foreskin distal to the constricting band 
become congested and swollen. The longer the treatment 
is delayed, the more difficult it is to have an easy cure. 


Benign Prostatic Hyperplasia 


Attempt of inserting a slender catheter like 14 Fr Foley’s 
catheter has frequently become unsuccessful because of 
the pressing adenoma of prostate. This problem can be seen 
in cancer patient who may present with retention. Gentle 
attempt to insert a Foley’s catheter of 20 or 22 Fr diameter 
is frequently successful. If the attempt is not successful a 
suprapubic urinary diversion should be performed. 


Techniques of Reduction of Paraphimosis 


The paraphimosis may be reduced by one of the following 

techniques: 

e Manipulating the constricting band forward after gentle 
and prolonged squeezing of the glans after multiple 
pricks on edematous area to reduce the congestion. If this 
technique fails, the second procedure may be effective. 

e To accurately cut through the constricting band at the 
dorsal aspect of the penis, immediately proximal to the 
gland with a “BP blade” The above procedures may 
be carried out using a local anesthetic subcutaneous 
ring block. 

e Formal circumcision will be required at a later stage 
even if the paraphimosis has been successfully 
reduced. 

e If facilities exist for circumcision straight away, then 
this is probably the best course, since it treats both 
the paraphimosis and the underlying phimosis. 
Circumcision can equally well be done under general 
or local anesthetic. Full theater facilities are required. 


Urethral Strictures 


These may occur at any point from the external meatus 
to the prostatic urethra and so obstruct the passage of a 


catheter. The strictures may be single or multiple, short 
or long. Occasionally, the use of a finer catheter may be 
successful, but no attempt should be made to forcibly 
negotiate the stricture, since false passages may be created 
which considerably worsen the condition. No attempt 
is made to dilate the strictures by the use of sounds or 
bougie at this stage, as this is a task for more experienced 
members of the urology staff. Suprapubic catheterization 
is, without doubt, the maneuver of choice. Later the 
urethral stricture should be evaluated properly and then 
appropriate treatment is carried out. 


Hypospadias 


Unsuspected hypospadias in the adult may be seen rarely. 
The real meatus may be centimeters away on the ventral 
aspect of the penis. The patient may not be aware of any 
abnormality. 


Suprapubic Catheterization 


Young urologist must adopt this method of draining the 

bladder without hesitation if urethral catheterization 

proves difficult for any reason. Contraindications of 

suprapubic catheterization with cystofix are carcinoma of 

bladder, hyper-reflexic bladder, coagulation defect, etc. 
One of the inadequacies of the suprapubic catheter is its 

tendency to kink and break on the surface of the abdomen. 

Also, they are liable to be pulled out accidentally by patient 

or nurse. Usually such accidents can be prevented by 

careful counseling of the patients and giving attention to the 

technique of fixing the catheter on to the abdominal skin. 
Suprapubic catheterization is indicated (when 

transurethral catheterization is contraindicated or 

technically not possible) to relieve urinary retention due 

to the following conditions:* 

e Urethral injuries 

e Urethral obstruction 

e Bladder neck masses 

e Benign prostatic hypertrophy 

e Prostate cancer. 


CONTRAINDICATIONS 


e Suprapubic catheterization is absolutely contraindicated 
intheabsenceofaneasilypalpableorultrasonographically 
localized distended urinary bladder. 

e Suprapubic catheterization is relatively contraindicated 
in the following situations: 

— Transitional cell carcinoma bladder 
-— Coagulopathy (until the abnormality is corrected) 
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— Prior lower abdominal or pelvic surgery (potential 
bowel adherence to the bladder or anterior 
abdominal wall; may recommend that a urologist 
perform an open cystostomy) 

— Pelvic cancer with or without pelvic radiation 
(increased risk of adhesions). 

TECHNIQUE 


Full theater facilities are ideal but can be done in patient’s 
bed by experts. Sterile technique is essential. Suprapubic 
catheters are pre-packed and each pack contains specific 
instructions on their individual use. It is essential that you 
read these instructions and follow them carefully. If the 
techniques described are correctly executed, there should 
be no problems. However, the following additional tips 
may be useful: 

e Inmost cases where a suprapubic catheter is required, 
the distended bladder will be easily palpable and 
usually visible. This may be achieved by the following 
simple and safe procedure. 

e The suprapubic skin is prepared with Povidone iodine 
5% and a point approximately 5 cm above the pubic 
symphysis and in the midline is selected. 

e Using lignocaine 2% in a 10 mL syringe and a 21-gauge 
needle, slowly insert the needle at right angles to the 
skin, anesthetizing the tissues in the process. 

e When the needle is completely buried and the entire 
local anesthetics have been expelled, the plunger of 
the syringe should be withdrawn to obtain urine. If so, 
a small incision in the skin and rectus sheath with a 
number 11-or 15-knife blade is made and proceed with 
the technique of introducing the catheter according to 
the instructions contained in the pack. 

e Ifurine is not obtained, do not proceed, and ask for help. 


Catheter Introducers 


Catheter introducers are used when it is necessary to have 
greater directional control over the catheter as it traverses 
the urethra. They are not intended to be a means of forcing 
a catheter through a stricture or other obstruction. 

They are of particular assistance when passing a plastic 
catheter after the completion of a prostatectomy, since the 
relatively rigid nature of the catheter may otherwise cause 
it to pass under the bladder neck or trigone. The catheter 
may even pierce the prostatic capsule if it is not directed 
correctly and gently into the bladder. 


Introducers should only be used after suitable demons- 
tration and under careful supervision. They are very 
dangerous if the user is inexperienced. 


Maryfield Introducer 


This is a rigid curved metal strip which is also curved or 
grooved in cross section. The tip of the introducer is placed 
in the eye of the catheter, which is then stretched along 
the grooved convex surface of the introducer. Once the 
catheter has been passed into the bladder, the introducer 
is removed by slipping the tip out of the eye of the catheter 
after inflation of balloon. Adequate lubrication is vital, 
both within the urethra, and between the catheter and the 
introducer. There are three sizes. 


Wire Introducer (Clutton Curve) 


This is a moderately stiff wire, which is inserted into the 
lumen of the catheter. It is less rigid than a Maryfield 
introducer and is therefore less dangerous, but it provides 
much less directional control. 


Indications of long-term indwelling catheter 

e Unfit for surgery 

e Unwilling for operation 

e Retention present after surgery 

e Incontinence before treatment or failed treatment. 


Urine Bags 


The following types of urine bags are available: 


Legbag: ‘The bagis strapped to the leg in most comfortable 
position for the patient. It is suitable for a chair-bound 
patient but rather cumbersome for the ambulant, although 
some patients find it satisfactory (Figs 96.4A to C). 


Waist-suspended bag: The bag is suspended from a belt 
around the patient’s waist. This is the best system for the 
mobile patient. 

All of these bags have taps, which allow them to be 
emptied when full without disconnecting the bag from the 
catheter. There are, of course, as many varieties of these 
urine bags as there are manufacturers. 


Stopcock technique (no bag): Many patients prefer to 
put a stopper or a cork at the opening of the catheter and 
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thereby, they can avoid the bag. At the point of urge, they 
open the stopper or the cork of the catheter to evacuate 
the urine. This simple procedure is highly accepted by all 
ambulatory patients. 


COMPLICATIONS 


e Infections 

e Urethritis 

e Cystitis 

e Pyelonephritis 

e Transient bacteremia 

e Paraphimosisis caused by failure to reduce the foreskin 
after catheterization 

e Creation of false passages 

e Urethral strictures 

e Urethral perforation 

e Bleeding. 


Management of Nondeflating Urethral Catheter 


Use a syringe to empty the balloon and then apply gentle 

traction. Pain, severe discomfort, resistance to withdrawal 

of the catheter, or failure to aspirate normal saline through 
the inflation valve should alert the practitioner to the 
possibility of a nondeflating urethral catheter. 

e ‘The most common cause of a nondeflating urethral 
catheter is obstruction of the inflation channel, caused 
by a failed inflation valve or crystallization of the 
inflation fluid. 


"| 


Figs 96.4A to C: Leg bags 
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e ‘The first step in managing the nondeflating Foley’s 
balloon is to advance the catheter to ensure that it is 
actually in the bladder. 

e If this does not work, cut the balloon port proximal to 
the inflation valve. This removes the valve and should 
allow the water to spontaneously drain. 

e If this does not work, run a lubricated fine-gauge 
guidewire through the inflation channel. The guidewire 
or stylet should allow fluid to drain along the wire itself. 

e Ifthis does not work, a22-gauge central venous catheter 
can be passed over the guidewire. When the catheter 
tip is into the balloon, the wire can be removed, and 
the balloon should drain. 

e If the above techniques are unsuccessful, 10 mL of 
mineral oil may be injected through the inflation port 
and will dissolve the balloon within 15 minutes. If this 
does not occur, an additional 10 mL can be instilled. 

e If none of the above techniques are successful, an 
ultrasound guided puncture of the balloon may be the 
simple and definitive way to overcome the problem. 


LONG-TERM INDWELLING CATHETERS 


Long-term indwelling catheters present many problems 
and are therefore only acceptable if there is no alternative. 
They are valuable in patients: (a) who develop retention 
but are considered unfit for surgery; (b) who decline the 
offer of surgery or; (c) whose retention persists despite 
surgery. They are also used commonly in patients who 
are hopelessly incontinent, although in these patients 
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it is much better if an external incontinence sheath can 
be used. These appliances, unfortunately, are not always 
suitable or effective and therefore an indwelling catheter 
is often the only practical alternative. 

A 16-18 Fr silicone Foley’s catheter should be used. 
There is no advantage in using larger-gauge catheters. 
Occasionally it must be told that the catheter was “leaking” 
i.e. urine was passing around the catheter, which may 
be due to blockade of catheter due to debris, clot, kink 
of catheter or tubing of urine collecting bag. This may 
sometimes be accomplished by simply washing the 
bladder out, using saline and a bladder syringe. However, 
if blockage occurs frequently, it may be necessary to use a 
cystoscope or resectoscope and an Ellik’s evacuator. This 
is best done as an arranged procedure in the operating 
theater with a regional or general anesthetic. Cystoscopy 
should be performed at the same time, to ensure that all 
the offending debris has been removed. Side firing may 
also be due to hyper-reflexic bladder. 

The catheter is normally connected to a urine bag to 
achieve constant drainage and therefore to ensure an 
empty bladder. Alternatively, a spigot or a tap can be fitted 
and the patient can be instructed to drain the bladder when 
necessary and convenient. Patients must be encouraged to 
take a large fluid intake in order to keep the urine dilute." 
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PRELUDE 


Female urethral catheterization may be defined as the 
insertion of a catheter through the urethra into the urinary 
bladder to allow drainage of urine from the bladder. 


INDICATIONS FOR CATHETERIZATION 
IN FEMALE PATIENTS 


Urethral catheterization in female patients is indicated 
for both therapeutic and diagnostic purposes (Fig. 97.1). 
The catheterization permits effective bladder drainage 
in patients with acute or chronic urinary retention. The 
urinary catheter may be used to instill medication for 
local intravesical therapy or for irrigation to remove blood 
and clots from the urinary bladder. It may also facilitate 
diagnosis in several circumstances, such as obtaining 
sterile urine specimens for urinalysis, measuring residual 
volumes after voiding, instilling contrast media for 
imaging procedures, and monitoring the urinary output of 
critically ill patients.’” 


Fig. 97.1: Urethral catheterization in progress in a lady 
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CONTRAINDICATIONS FOR CATHETERIZATION 
IN FEMALE PATIENTS 


Catheterization may be contraindicated in urethral injury. 
Female urethral injuries are rare and most commonly 
result from pelvic fractures. Urethral injury should be 
considered if there is any blood passing through the urethra. 
When the injury of urethra is suspected, genital and rectal 
exams should be performed. Contrast radiography like 
retrograde urethrography should be considered before 
catheterization is attempted; consultation with a specialist 
before catheterization is prudent. As urinary catheterization 
can cause infection or trauma, it should not be used for 
routine management of urinary incontinence but should be 
reserved for circumstances in which noninvasive methods 
fail. 


EQUIPMENT 


In the medical shops, prepackaged urethral catheterization 
kits are commercially available. The typical kit may include 
a water-absorbent underpad, a sterile fenestrated drape, 
sterile gloves, preparation swabs, forceps, antiseptic 
solution, 10 cc syringe filled with lubricating jelly, a 10 
cc syringe filled with sterile water for balloon inflation, 
a preconnected closed Foley’s system, and a specimen 
container. Many types of catheters are available; they vary 
in construction material, design and size. 


Catheter Materials 


Most of the catheters are made of latex and may be coated 
with silicone. The use of silicone catheters is more tissue 
compatible and is becoming more popular as latex 
hypersensitivity problem is increasingly recognized. 
Addition of silver alloy hydrogel-coated silicon or latex 
catheters may decrease bacterial colonization and growth 
and should be considered for patients with recurrent 
infections.’ 
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Catheter Types 


When a female patient requires, an indwelling catheter, 
Foley’s catheter is the best choice. Foley’s catheter is a 
double-lumen, straight-tipped catheter with a balloon 
at its end. Balloon of the Foley’s catheter is inflated after 
insertion into the bladder to help retain the position of 
the catheter. There are other types of catheters including 
the triple-lumen catheter, which can be used for bladder 
irrigation, and the straight catheter, which can be used 
for intermittent catheterization or on a one-time basis to 
obtain a urine sample. 


Catheter Sizes 


Catheters size is typically described in French units 
(circumference in millimeters). Ideal catheter should be 
biocompatible, narrow and soft to minimize discomfort 
and decrease the risk of infection and other complications 
of catheterizations. Normally 14-16 French catheters are 
appropriate for most adult women. Catheters with larger 
size (18-24-French) may be used in patients with gross 
hematuria with clots.'" 


PRACTICAL ANATOMY 


Begin by inspecting the genital area to identify the urethral 
meatus. The female urethra is a fibromuscular tube, 
approximately 3.5-4 cm long; its meatus is located below 
the clitoris and above the vaginal orifice. 


PROCEDURE 


Catheterization in female patients should be performed 
under sterile conditions.”* 

The commercial kit or the catheterization set should 
be organized. At lithotomy position appropriate skin 
preparation was performed and then the urethra is 
identified by spreading the labia majora and minora.* 

As the urethral meatus is seen it is cleaned with using 
an expanding circular motion to clean the opening with 
the swabs with betadine or chlorhexidine solution. Distal 
end of the catheter is lubricated with the sterile jelly and 
catheter tip gently introduced into the meatus, and slowly 
advance it through the urethra into the bladder. Female 
urethra is relatively short. 

When urine is flowing through the catheter freely, 
the catheter is advanced for another 3-5 cm to ensure 
complete insertion of the balloon in the bladder. At 
this stage the balloon may be inflated with appropriate 
amount of distilled water which is written at the bulb of the 


catheter. For inflating the balloon of the Foley’s catheter 
saline should not be used as it may cause crystallization 
and valve malfunction.* 

No force should be applied to pass the catheter 
through the urethra. The catheter should be inserted 
adequately into the urethra, and the balloon should not be 
inflated until there is return of urine, to avoid trauma due 
to intraurethral inflation. The catheter, after its successful 
insertion may be fixed to the medial thigh of the patient 
with tape or a catheter-securing device. At this stage the 
drainage bag is connected to the catheter and the closed 
drainage unit is fixed in a convenient location below the 
level of the bladder.*° 


COMPLICATIONS 


The most common complications of urethral 
catheterization are trauma and infection. Traumatic 
injury may cause strictures, narrowing and scarring of the 
urethra. Infection is common in patients with indwelling 
catheters. Within 48 hours, up to 85% of catheters may be 
colonized with bacteria, which may lead to bacteriuria. 

The best way to prevent complications is to avoid 
catheterization whenever possible. If catheterization is 
necessary, diligent preparation, meticulous attention to 
proper sterile technique, removal of the catheter as early 
as Clinically possible, and vigilance are mandatory. 


DIFFICULT CATHETERIZATIONS 


Urethral catheterization may be difficult to catheterize for 
various reasons, including previous operative procedures, 
obesity, and anatomical variants of pelvic organs. 
Sometimes it is difficult to pass the catheter because of a 
kink in the urethra or because of pelvic organ prolapse. 

Obese patients may require assistant to aid in retraction. 
When the urethra is not easily visualized, placement of the 
index finger inside the vaginal orifice may straighten the 
urethra and may allow guiding the catheter into the urethra. 
If the flow of urine is slow or nonexistent, the catheter may 
be obstructed or in the wrong site, or the bladder may be 
empty. Flush the catheter with saline. If saline or urine 
freely returns, the catheter is properly inserted.° 


SUMMARY 


Female urethral catheterization performed appropriately 
is an invaluable procedure for both therapeutic and 
diagnostic purposes. Mastering the proper insertion 
technique and understanding the risks and benefits of the 
procedure behooves all practicing health professionals. 
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A number of problems frequently met in the day-to-day 
work of busy urological clinics. Few of them are discussed 
here with a practical attitude to overcome the problems 
particularly during the odd times-like middle of the night. 


PRACTICAL UROLOGICAL PROBLEM 


Postoperative Bleeding 


If practitioner is called by the nursing staff to the ward or 

recovery room because of persistent heavy bleeding after a 

bladder operation, practitioner must straight away initiate 

the following procedure: 

e Check the patient’s blood pressure and ascertain that 
there is sufficient blood or plasma expander available 
for transfusion. 

e Make sure that the bladder is draining well and that it is 
not distended with either clot or irrigation fluid. 

e Aim to irrigate at a rate sufficient to prevent clotting, 
but if clots form, they must be flushed out before 
blockage of the catheter can occur. 

e Check that the catheter is in the correct position, i.e. 
the balloon must be in the bladder and not in the 
prostatic cavity. In most cases, bleeding will eventually 
stop provided that the bladder is not distended and it is 
adequately irrigated. 

e If the bleeding persists despite adequate irrigation, 
practitioner must check that there is no evidence of 
a clotting disorder and be aware of the possibility of 
disseminated intravascular coagulation (DIC). 


TIPS FOR POST-TRANSURETHRAL 
RESECTION BLEEDING 


Early postprostatectomy bleeding may sometimes be 
controlled by traction on the catheter. Practitioner must 


Common Practical Problem 
for the Residents 


ensure that the catheter balloon contains approximately 
30 mL of water and that the balloon is positioned in the 
bladder and not in the prostatic cavity. The catheter is 
drawn down to the knee joint and fixed there by means 
of a strong micropore or adhesive tape. The effect of 
pulling the catheter balloon down on to the bladder neck 
is expected to compress the prostatic capsule from above, 
thus, it is to be hoped, occluding the bleeding vessels. The 
traction can be released after 30 minutes and reapplied if 
the hemorrhage becomes profuse again. Catheter traction 
is uncomfortable and the patient should be well sedated. 


What is Next? 


If catheter traction is ineffective, the next step is to return 
the patient to theater and search for bleeding points. ‘This 
decision will be taken after discussion with the surgeon 
who performed the original operation. 


MANAGEMENT OF INTRACTABLE HEMATURIA 


Severe bleeding from the bladder can occasionally be life 

threatening and its management remains a difficult clinical 

problem. Severe bleeding occurs as results of radiation 

cystitis, bladder carcinoma, and cyclophosphamide 

induced cystitis and severe infection. When irrigation of 

saline through a three-way catheter and fulguration of the 

bleeding lesions fail to stop the hematuria, a life-threatening 

situation can develop, when blood transfusion needed to 

keep pace with the rate of blood loss. Patients with massive 

uncontrollable hematuria are often elderly and unfit for 

cystectomy as a treatment. Several different treatments 

have been described, with varying degrees of success. 
Common causes of intractable hematuria: 

e Radiation cystitis 

e Bladder carcinoma 

e Cyclophosphamide-induced cystitis 

e Severe infection. 
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PRACTICAL UROLOGICAL PROBLEM: TREATMENTS 
FOR INTRACTABLE HEMATURIA 


Management of intractable hematuria includes the 
following options: 

e Intravesical alum irrigation 

e Intravesical formalin 

e Hydrostatic pressure 

e Embolization 

e Hyperbaric oxygen for radiation cystitis 

e Oral sodium pentosulfate 

e Intravesical Prostaglandin E1 (PGE1) 

e Emergency cystectomy. 

The decision to use particular treatment depends on the 
severity of the hematuria, fitness of the patient, the anesthetic 
requirements and the facilities available. Intravesical alum is 
generally safe, effective, do not require any anesthesia and is 
suitable as a first line treatment for intractable hematuria. 

Intravesical formalin is effective in controlling intractable 
hematuria, but it has potential serious complications. It 
should be used with great caution and to be only used 
when all medical measures have failed. It usually requires 
a regional or general anesthesia. This procedure should be 
reserved for the terminally ill patients. Hydrodistention with 
balloon or simply with saline needs to be conducted under 
regional anesthesia is also effective and safe. 

Embolization needs appropriate expertise and is not 
free from complications. Emergency cystectomy is very 
rarely required and can usually be completed with a 
simple urinary diversion. 

Clot retention and intractable hematuria are urological 
emergency. Patient should be admitted in the hospital and 
stabilized before any intervention is done. If be needed do 
not hesitate to ask for help. 


Slight but Persistent Hematuria 


The problem may arise with, for example, postradiotherapy 
telangiectasia, carcinoma of prostate or low-grade 
widespread bladder tumors. 

Practitioner must ensure that the urine is not infected. 

e Exclude the medical cause. 

e Check clotting indices such as prothrombin time (PT), 
activated partial thromboplastin time (APTT), and 
platelet count, etc. 

e Ifclotting factors are abnormal, intravenous vitamin K, 
an infusion of platelets or fresh frozen plasma may be 
of value. 

e Catheterization and irrigation should be used only 
if clotting is a problem, but be aware that the very 
presence of the catheter may in some cases be the 
cause of persistent slight hematuria. 


e Tranexamic acid 1.5 g tds orally may be trained. This 
is an antifibrinolytic agent, which can also be given 
intravenously. Tranexamic acid should be used for 
a maximum of 5 days only. All investigations, e.g. 
ultrasound scan and intravenous urography (IVU) 
should be done and cystoscopy should be arranged. 
Ureteric sample should be collected for malignant cells 
by endoscopic procedure, if the bladder is normal. 

e If all the investigations and cystoscopy looks normal 
the patient should be followed-up carefully with 
conservative treatment. 


PRACTICAL UROLOGICAL PROBLEM: 
TRANSURETHRAL RESECTION SYNDROME 


Uncommonly, after transurethral surgery, the 
patient may become confused, uncooperative and 
hypotensive and develop a bradycardia, sickness and 
sometimes collapse. This syndrome may be associated 
with hyponatremia and hypervolemia (and possibly 
hyperammonemia) and is thought to be due to the 
absorption of isotonic irrigating fluid during the 
course of operation and in the postoperative period. 
The hyperammonemia results from the metabolic 
breakdown of absorbed glycine and may be partly 
responsible for signs of encephalopathy. The clinical 
condition is rapidly corrected when the irrigation is 
discontinued, diuretics are prescribed and the sodium 
deficit is corrected by an infusion of N or 2N saline 
(although the latter is rarely needed). 


PRACTICAL UROLOGICAL PROBLEM: DEEP VEIN 
THROMBOSIS AND PULMONARY EMBOLUS 


Most urological patients are, theoretically, in the “high 
risk” group for postoperative venous thrombosis, i.e. they 
are old, they often have cardiovascular disorders, they 
are usually frail and relatively immobile and they are 
undergoing pelvic operations. 

This is a fact that there are many cases of deep vein 
thrombosis (DVT) and pulmonary emboli, which produce 
no symptoms and therefore go undetected. It is also true 
that a certain proportion of patients who appear to have 
the clinical signs of calf vein thrombosis are found when 
further investigated, to have normal patent vessels. The 
treatment of venous thrombosis or pulmonary embolus is 
time-consuming and not without its dangers. Therefore, it 
is essential that practitioner make a precise diagnosis. 

Main concern is to: 

e Encourage a scheme of prevention 
e Correctly investigate suspected cases 
e Treat the established condition. 
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Prevention of Deep Vein Thrombosis 


If there is a previous history of venous thrombosis, the 
patient shouldbe given 5,000 units heparin orlowmolecular 
weight heparin subcutaneously, twice daily, starting the 
night before the operation and continuing 12-hourly 
thereafter for 5 days. Intermittent calf compression 
(venous flow stimulators) should be used during surgery, 
unless the patient is to be in the lithotomy position and 
during the postoperative period the patient should wear 
elasticized stockings (TED) and ankle movements should 
be encouraged. Physiotherapy and early mobilization 
should be the aim. If it is necessary to reverse warfarin 
therapy, this is best achieved by intravenous vitamin K 
(2 mg) and if necessary by transfusion of fresh frozen 
plasma. 

Remember that warfarin therapy in the presence of 
other drugs may be difficult. Many interactions occur and 
the anticoagulant effect of warfarin may be exaggerated by 
some and inhibited by other drugs. Question the patients 
carefully to discover what drugs they are currently taking 
and then discuss the problem with the hematologist. Drugs 
of many types may have a significant effect, e.g. analgesics, 
antibiotics and sedatives, etc. 


PULMONARY EMBOLUS 


Clinical signs suggestive of pulmonary embolus usually 
only appear if the vascular obstruction has been fairly 
extensive. The classical features are hemoptysis, pleuritic 
pain, breathlessness, cyanosis and raised jugular venous 
pressure (JVP). Electrocardiography (ECG) changes 
may occur, but are usually nonspecific and unreliable. 
Chest X-ray may help, if only to exclude other pulmonary 
pathology. The most reliable diagnostic test is an isotope 
(technetium) perfusion lung scan (VQ scan). 


Treatment 


Anticoagulation therapy as described for DVT is 
com-menced. Oxygen therapy may be necessary and 
possibly analgesics. Subsequently, streptokinase treatment 
may be considered. Embolectomy is rarely indicated. 


PRACTICAL UROLOGICAL PROBLEM: ELECTIVE 
SURGERY ON ANTICOAGULATED PATIENTS 


In view of the age of many of the patients admitted for 
transurethral surgery, it will not be a surprise to find that 
some of them have been placed on long-term anticoagulant 
therapy for previous vascular problems. Warfarin therapy 
should be discontinued and subcutaneous heparin 


substituted. The following is a suggested program for these 

patients: 

e Practitioner should arrange that the patient 
discontinues warfarin therapy at least 24 hours, before 
the proposed operation. 

e The PT should be estimated as close to the 
commencement of the proposed operation as possible 
and the result should be communicated to both surgeon 
and anesthetist before the patient is taken to theater. 

e Intravenous vitamin K may be used if active rapid 
reversal of warfarin is required. Fresh frozen plasma 
should be available, if required. 

e 4.500 units heparin are given subcutaneously the 
night before the operation and continued BD. Until 
the warfarin, which is restarted the morning following 
the operation (provided that there is no excessive 
bleeding), has reached therapeutic levels again, as 
judged by the PT results. 

Prothrombin time estimation is performed by the 
pathology laboratory and warfarin dosage is dictated in 
the usual way. 


BLOCKED CATHETER 


Urethral catheters, unfortunately, do frequently become 
blocked. The problem occurs commonly in two different 
circumstances: (1) the long-term indwelling catheter that 
becomes blocked by accumulated debris or; (2) the early 
postoperative catheter that may be blocked by blood 
clot or by loose prostatic or bladder tissue. This does not 
necessarily mean that there is excessive bleeding, but 
since it creates many problems for the patient and as 
such it should be relived as soon as possible. If irrigation 
is being used at the time of blockage, the bladder rapidly 
becomes distended and painful. The following check list 
may be helpful in overcoming the problem: 


Checklist 


e Check that the catheter if blocked by suprapubic 
palpation and by briefly disconnecting the urine bag 
tube from the catheter and allowing the tube to empty. 
Observe whether the tube refills from the bladder. 

e ‘The site of blockage usually, of course, this is at the 
eye of the catheter within the bladder but occasionally 
blockage owing to clot can occur at the junction of the 
urine bag and its tube, especially if a bag fitted with 
a flutter valve is being used. Distended urobag may 
cause a hindrance of outflow through catheter. 

e ‘The irrigation fluid is flowing well, or if it has been 
intentionally discontinued, that it can flow when 
required. Occasionally, the “stylet” is not pushed 
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adequately into the irrigation fluid bag. Occasionally, the 
clips (taps) are inadvertently shut, or the inflow channel 
of the three-way catheter is inadequate or blocked. 

e Check that the catheter is correctly placed in the 
bladder. The balloon should lie in the bladder and 
not in the prostatic cavity. If there appears to be an 
inordinate length of catheter outside the urethra, push 
it gently into the bladder. This maneuver may require 
a little lubrication of the catheter at the meatus and 
may produce discomfort for the patient. If this move 
presents any difficulty, deflate the catheter balloon and 
try again. Usually, this will have the required effect and 
the catheter will again drain. Try to wash out any clots 
that have accumulated and do not forget to re-inflate the 
balloon when the catheter has been properly positioned. 

e If it appears that the catheter is correctly placed 
within the bladder, it should be possible to clear any 
accumulated clot from the catheter and from the 
bladder by aspiration, using a 60 mL bladder syringe. 
Clot is relatively soft during the early postoperative 
period and it is usually readily removed by this means. 

e Ifthe use ofthe syringe is unsuccessful despite ensuring 
that the catheter is correctly placed, the possibility 
is that the catheter is blocked by a segment of loose 
prostatic tissue. It may be possible to dislodge it by 
flushing the catheter with a Toomey’s syringe rather 
than withdrawing it. 

e If this maneuver fails, the catheter will probably have 
to be changed. Catheter changing should not be 
undertaken lightly. In the postoperative period, this 
procedure may not be simple and it is best to seek 
more experienced help. 

e If such help is not available it is advisable to use a 
Coudé catheter or a catheter introducer, but use the 
latter only if practitioner has had adequate instruction 
on its use. 

e Once the catheter has been cleared and the bladder 
distension relieved, it is important to maintain rapid 
irrigation and to ensure that the correct catheter 
position is maintained. 

e Isotonic solution and normal saline should be used 
for bladder washout and irrigation. Antibiotics are 
advisable, if there is extensive catheter manipulation. 


PRACTICAL UROLOGICAL PROBLEM: FAILURE 
OF CATHETER BALLOON TO DEFLATE 
Occasionally, practitioner may face with the problem of 


a Foley’s catheter that cannot be removed. The cause of 
this is almost invariably a failure of the Foley’s balloon to 


deflate, despite attempts to withdraw the water from the 
balloon. One of the following procedures may be effective: 


Occasionally, the balloon can be induced to soften and 
disintegrate if 5 mL of liquid paraffin is introduced into 
it via the usual inflating channel. 

If practitioner can obtain a little ether (3 mL), inject 
it into the balloon of the catheter along the normal 
inflating channel. The balloon will rapidly disintegrate, 
spilling the ether (already diluted by the water in the 
balloon) into the bladder. It is important because of 
this spillage that the bladder should be filled with at 
least 300 mL of water before introducing the ether and 
that this be rapidly and completely drained before the 
catheter is withdrawn. 

It may be possible to pass the stylet wire of a ureteric 
catheter along the inflating channel of the catheter 
until it reaches the balloon. A sharp forward movement 
then pierces the balloon. 

If the above techniques fail, the problem will be 
overcome by disintegrating the balloon by a long 
needle under ultrasound or bimanual control. 


BIBLIOGRAPHY 


1. 


11. 


12. 


Angell AH, Resnick MI. Office-based ultrasound for 
urologists. AUA Update Series V. 1986.p.33. 

Bueschen AJ. Nonrenal nuclear medicine in urology. AUA 
Update Series IV. 1985.p.39. 


. Bush WH, Gibbons RP. A case for the IVP: Risks and 


indications. AUA Update Series V. 1986.p.1. 

Collins TL, Ball TP. Computerized tomography basic 
principle and cross-sectional anatomy, Parts I & II. AUA 
Update Series I. 1982.pp.17-8. 

Flanagan MJ. Urinary cytology. AUA Update Series. 1982; 1:33. 
Meier WL, Pischinger RJ. Urological ultrasound: an overview. 
AUA Update Series I. 1982.p.20. 

Symposium on uroradiology. Urol Clin North Am. 1985;12: 
583-823. 

Preminger GM, Fulgham PF, Curry T. Fluoroscopic safety for 
the urologist. AUA Update Series V. 1986.p.29. 


. Smith DR. General Urology, 15th edn. New York, Tokyo: 


Lange Medical Publication/Mcgraw Hill; 2000. 


. Stewart BH. Use of CT scan for evaluation of the kidneys and 


adrenal glands. AUA Update Series I. 1982.p.19. 

Walsh PC, Retik AB, Vaughan PD, et al. Campbell’s Urology, 
7th edition. Philadelphia: WB Saunders; 1998. 

Williams RD. Urologic applications of magnetic resonance 
imaging. AUA Update Series V. 1986.p.30. 


. Woolfitt RA. Pitfalls of CT scanning. AUA Update Series V. 


1986.p.31. 


647 


Chapter 


99 


PRELUDE 


Teaching, documentation and research are important parts 
of the endoscopic surgery. Urologists were operating in the 
past by keeping their eye on the eyepiece of the telescopes 
without any chance to peep through the eyepiece of the 
surgeon. 

Understandably, the transfer of technology to the 
students and trainees was compromised. 

The situation was improved after the introduction of 
endoscopic teaching aid, but these attachments were very 
heavy and many surgeons did not use it routinely. 

Nowadays the surgeons and the trainees are showing the 
video monitor which provides an extraordinary high quality 
magnified image on the monitor. This becomes possible 
due to the introduction of miniature video cameras. 


VIDEOENDOSCOPIC SURGERY 


Television (TV) camera mounting on resectoscope provides 
an excellent opportunity for the surgeons and students, etc. 
for teaching, training and documentation (Fig. 99.1). 


Video Cameras 


Basic equipment consists of a color video camera 
(preferably a model that can be adapted to the endoscope’s 
optics usually supplied in miniature format nowadays), an 
image splitter with controls, a monitor, and a suitable light 
source. For transmission to other rooms, further monitors 
and an intercom system are necessary. Recording of 
images requires a video recorder. Still pictures may be 
obtained by a color video printer or slide maker. 

The camera head must be light, watertight and capable 
of being sterilized. All screws must be covered. The joint 
with the instrument must be electrically insulated, to avoid 
endangering patients, especially those with a pacemaker. 
The flexible cable should be absolutely tear and break 
resistant. 


Image Reproduction 
tor Teaching, 
Documentation and Research 


Fig. 99.1: Flexible endoscopes with central image and data 
archiving system which allows for comprehensive and high quality 
convenient documentation 


Monitors 


Color monitors that can play videos in PAL, SECAM, and 
NTSC are preferable. In this country only PAL is suitable. 
The best distance for observation with a 14-color monitor 
is between 1.5 m and 2 m. Repeated live demonstrations 
(for instance in a lecture hall) require permanently 
installed cables. 


PROTOCOL FOR THE TRAINEE AND STUDENTS 


Orientation of the System and Endoscopic Images 


Experience in diagnostic endoscopy is required before 
anyone attempts endoscopic operative procedures. 
The resident must learn to see “endoscopically” that 
is, recognize certain points of orientation and learn to 
translate the two-dimensional endoscopic image into 
three-dimensional reality. For this reason, beam splitter is 
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Fig. 99.2: Capsule endoscopy (CE) is a new procedure for 
imaging and screening the gastrointestinal tract. The patient 
simply swallows a pill-sized video capsule, from which images 
are captured and transmitted wirelessly for physician review. 
The procedure is noninvasive and painless, and the technology 
enables gastroenterologists to see areas that were inaccessible 
with traditional endoscopic equipment 


absolute necessity for video endoscopic equipment. Cost- 
effective way is to train the residents with the monitor only, 
not through the telescopes. 


Hands-on Experience 


After observing a sufficient number of operations and 
demonstrating knowledge of the procedures, the trainee 
can begin to operate alone. Student and teacher exchange 
places at the endoscope. The teacher observes through 
monitor, corrects and advises. The trainee gains confidence 
with each operation and overcomes difficulties, such as 
making a long cut or controlling heavy bleeding. 


Trainee at Work 


A trainee of average talent should have enough experience 
after 20 operations to be permitted 20-30 minutes of 


operating time. After about 50 operations the trainee may be 
trusted to be able to perform transurethral resection of small 
adenomas but inspected by an experienced surgeon. After 
successfully completing about 100 transurethral resections, 
the trainee can be expected to work independently. 

Transurethral resection of the prostate gland must be 
mastered before transurethral resection of bladder tumors 
is learned. The latter procedure should be practiced under 
supervision on tumors of small size. When the trainee is 
able to perform these operations, he or she can start to 
perform supervised endoscopic surgery on the ureter, 
kidney and the urethra. 


Capsule Endoscopy 
Refer Figure 99.2 


Telecasting and Video Conferences 


Live video transmissions of endoscopic surgery are a good 
tool for demonstration or medical education purposes. 
Operating rooms should be connected to monitors in the 
lecture halls by permanently installed cables. 
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Adjuvant intravesical chemotherapy or immunotherapy 
is indicated in patients who are at a high risk for tumor 
recurrence by virtue of having multiple, recurrent or high 
grade tumor associated with carcinoma in situ (CIS) or 
atypia of urothelium. 


Intravesical Chemotherapy 


The intravesical chemotherapy can be given by thiotepa, 
mitomycin C, doxorubicin, epirubicin, etc. After the 
intravesical chemotherapy the incidence of secondary 
hematological malignancies is low and as such intravesical 
chemotherapy within 24 hours following transurethral 
resection of bladder tumor (TURBT) may help reduce future 
recurrence and become a standard practice in most of the 
urological centers. Usual dose for single dose mitomycin 
therapy is 60 mg dissolved in 60 mL of normal saline and 
installed into the bladder through catheter on the day of 
TURBT. It is retained in the bladder for 60 minutes. 


Intravesical Immunotherapy 


Intravesical immunotherapy can be given by bacillus 
Calmette-Guérin (BCG) or interferon. Bacillus Calmette- 
Guérin is an alternated strain of Mycobacterium bovis 
having immunostimulatory effect commonly given in: (i) 
prophylaxis in tumor free patient; (ii) treatment of residual 
tumor in patient with CIS. Interferon have antiproliferative, 
antiangiogenic and immunostimulatory effects. 

The dose of BCG is 81 mg to be installed in the bladder 
for 60 minutes every week for 6 weeks then every 6 weeks 
for 3 months, at 6 months at 12 months, at 18 months and 
finally at 24 months. 


Principles of 
Intravesical Chemotherapy 
and Immunotherapy 


Indications of Intravesical Chemotherapy 


e Carcinoma in situ (primary CIS) 

e Multifocal or rapidly recurring superficial tumors 
Ta/Tl. 

e Carcinoma in situ in association with exophytic tumor 
(secondary carcinoma in situ). 

e Currently, intravesical chemotherapy is given in the 
first 24 hours of TURBT in order to provide prevention 
from recurrence. 


CONTRAINDICATIONS 


Transitional cell carcinoma (TCC) elsewhere, e.g. in the 
urethra, prostatic ducts, prostatic urethra, ureter or renal 
pelvis. 


Contraindications of Intravesical Chemo- 
and Immunotherapy 


e Transitional cell carcinoma elsewhere 
e Reduced bladder capacity 
e Tumor other than TCC. 

Markedly reduced bladder capacity, if this is known to 
pre-exist the CIS, for example if there has been previous 
radiotherapy with severe bladder contracture. However, it 
should be noted that widespread CIS may cause reduction 
in bladder capacity and that capacity may improve after 
effective intravesical therapy. 


Pre-requisite for Intravesical Therapy 


e Normal liver function test 
e Complete blood count within normal parameter 
e Absence of urinary infection. 
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DOSE AND DURATION OF THERAPY 


The best tumor cell killing will be obtained by the 
longest duration of treatment at the highest tolerated 
concentration. The maximum dose depends on any risk 
of systemic absorption and how irritant the agent is. The 
duration of therapy also depends on how irritant the 
agent. The usual technique is to pass a 16 F two-way Foley 
catheter and to introduce the agent for a set period of time. 
If the agent is irritant or the bladder inflamed, bypassing of 
urine around the catheter may be a problem. Alternatively, 
the agent may be instilled and the catheter immediately 
withdrawn, asking the patient to void after a specified 
interval. This latter method has the disadvantage that the 
patient may void too early or retain the agent too long. 
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PRELUDE 


Despite of explosion of new technology in this specialty 
during the last 10 years many newinstruments are added to 
the older list. Some of the older instrument still continued 
to be used, as they are time tested. The complexity of the 
equipments used by the urologist varies from simple to 
highly complex electromedical equipments incorporated 
with modern telescopic system. A brief outline of the 
commonly used equipments is presented in this section. 


Mir Ehteshamul Haque 


TELESCOPIC SYSTEM 


Professor John Hopkins made a revolutionary change 
in the quality of endoscopic optical system, which is the 
most important determinant of endoscopic surgical 
performance. Rod lens positioned at a predetermined 
distances spaced by air provides an excellent optical 
resolution for better than previous system and excellent 
color fidelity. Increased image brightness has permitted to 
construct very thin optical system (Fig. 101.1). 

Fiberglass light conductors are built into the system 
parallel to the rod lenses to provide bright illumination. 
Conductors are sometimes distributed in a circle but 
usually lead to the objective on one side, where they point 
in the direction of view. 


Circumferential Measurement of 

Urological Endoscope 

Charriére Number 

In cylindrical instruments, the Charriére number is three 
times the outer diameter (3 x D in mm). 

French Calibration 


Multiplying the diameter by radius gives the circumference 
of the instrument (C = D x r). This definition cannot be 
applied to endoscopes which are not cylindrical. 


Urological Equipment 


The results of the two methods of computation 
(Charriére number as diameter versus Charriére number 
as circumference) differ by 4.72%. This result is the 
difference of the products 3 x D andr x D. 

The standard committee has ruled that the Charriére 
number shall be based on the circumference. Currently, 
definitive calculation of the Charriére number is as follows: 


Measurement of Diameter of Cylindrical 
Endoscopic Equipment 


e Charriére: D x 3 

e French D xr (3.14) 

e Difference in computation: 4.72% 
e 1Ch=1Fr for practical use. 


Endoscopic lens systems 


| a T o 


Conventional optical (lens) system 


SLi. 


Hopkin’s optical (rod lens) system 


Fig. 101.1: Conventional optical systems use narrow lenses 
within the shaft of the cystoscope, laparoscope or hysteroscope. 
These systems were improved upon during the 1960s through 
the invention of the Hopkins rod lens optical system, which uses 
special glass rods with optically finished ends (to replace the 
smaller conventional lenses). The advantages of the Hopkins 
optical system include better light transmission, which improves 
the brightness, contrast and resolution of the picture obtained 
and wider viewing angles (for more complete visualization of the 
structures that are viewed) 
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Fig. 101.2: Xenon 300 watt cold light source provide the highest 
endoscopic image resolution and exceptional visual quality and 
resolution is available for endoscopic and laparoscopic or robotic- 
assisted procedure 


Cold Light Sources 


Cold light sources provide illumination. Light sources with 
an output as low as 150-300 watts are sufficient for routine 
examinations. However, since the lamp heats up quickly 
and is difficult to replace, burnout constitutes a significant 
interruption of endoscopic examination. Endoscopic 
procedures call for the use of projectors with lamps that 
can be replaced quickly. Halogen light source is cheaper 
but xenon light source gives brighter illumination for 
longer time. 


Light Cable 


Fiber-optic light cable and light produced by the tungsten, 
halogen or xenon lamp transmitted to the optical system by 
fiber-optic light transmitting fibers. Xenon lamp provides 
the best illumination but it is expensive (Fig. 101.2). 

Damage to the fibers reduces or obstructs light 
transmission. Such damage often occurs by Kinking. 
Cables should not be rolled up too tightly during storage. 
Light cables integrated into the optical system provide 
especially good light transmission (Fig. 101.3). 


Fluid-filled Light Cable 


At equal diameters, light transmission through fluid-filled 
cables is more intense than through glass cables. However, 
fluid-filled cables are heavier and less flexible and rigidity 
often interferes with procedures. 


Fig. 101.3: Endoscopic Light Cable 


UROLOGICAL EQUIPMENT FOR LOWER TRACT 
Cystoscope 


The cystoscope is the most basic tool for the urologist which 
allows the direct visualization of urethra and bladder. The 
rigid urological endoscopic system remains the standard 
equipment for most diagnostic and nearly all therapeutic 
endoscopic work. The advantages are that the sheaths are 
robust and easily sterilized and the operating channels are 
larger and last for long time. 

More recently flexible cystoscopes are more 
conveniently used as office procedure. The advantage is 
increased patient comfort, especially for male patients, 
and this is particularly relevant to ‘office’ cystoscopy under 
local anesthesia and to the day-case surgery. 


Rigid Cystoscope 


Criteria for good endoscopic system are the following: 
telescopes should be interchangeable with cystoscope, 
resectoscope, stone forceps, etc. The various working 
instruments should be interchangeable by the cystoscope 
and resectoscope. Interchangeable telescope and working 
parts reduces the cost of the systems. The telescope should 
be compatible with common endoscopic video camera. 
The cystourethroscope consists of a sheath, obturator, 
bridge and telescope. The lumen of the sheath is of a size 
to accommodate a telescope and a channel for irrigation. 
Most adult and larger size pediatric sheaths accommodate 
ureteric catheters, electrodes or forceps for biopsy. 
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Fig. 101.4: Rigid cystoscope. Rigid cystoscopes have better 
optics and larger working channels that allow laser fibers and other 
instruments to be passed within the sheath of the scope. Rigid 
cystoscopes are extremely useful for more complex procedures 
performed in the operating room 


Eyepiece Light post 
lens 


Angle of 
view prism 


illumination Rod 


fiber 


Eyeshield 


Objective lens 


Field stop 
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Outer tube 


Optic carrier 
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Negative 
lens 


Ocular 
window 


Distal window 


Fig. 101.5: Section drawing of a typical rod lens endoscope 


The size of the outside diameter of the instrument 
most commonly indicated by the French gauge, calculated 
by dividing by three to get the diameter in millimeter 
(Fig. 101.4). 

For simple cystoscopy the telescope is fitted to the 
cystoscope sheath with a bridge. This is because the 
extra length of telescope is required for more complex 
instruments such as biopsy forceps or the cannulating 
piece and the use of a bridge avoids the need for different 
lengths of telescope. 


Principle of rigid cystoscope: Rigid cystoscopes are 
endoscope, which allow examination of urethra and 
bladder. They consist of sheath with obturator and 
telescopes of varieties of field of vision, e.g. 00, 120, 300, 700, 
1,100, etc. Variation in direction of view of optical systems 
is important. Size of the field of vision and magnification 
are determined by the angle of vision, and by the distance 


from the object. Magnification of an area by the eyepiece 
lens can alter the apparent diameter of the image. The loss 
of brightness of the lens can be compensated by currently 
available light sources. 


Telescope for rigid system: Rigid telescopes are presented 
in solid with objective piece, eyepiece and built in fiber- 
optic light carrier for illumination with fixed field of vision, 
e.g. 00, 300, 700, etc. These interchangeable telescopes 
can be used on the same cystoscope sheath, resectoscope 
or optical urethrotome sheath with bridge or working 
element (Fig. 101.5). 

The telescope that provide a straight-ahead view (00 
lens), the central ray corresponds to the optical system’s 
longitudinal axis. Thus, the field of vision is oriented 
directly forward and remains unchanged by rotation of the 
instrument about its longitudinal axis. 

The 300 optical system also permits a straight view, 
although the angle deviates from the longitudinal axis by 30°. 
In contrast to 00 optical system, the field of vision of the 300 
straight-on optical system can be changed and thus enlarged 
by rotating the endoscope about its longitudinal axis. 

The longitudinal axis no longer lies in the field of 
vision when the angle of vision opens to 700 and 1,200; 
a straight-on view is not possible. However, lateral or 
posterior view is provided. 


Flexible Cystoscope 


Flexible fiber-optic cystoscopes have recently been 
developed. The advantage is that passage through the urethra 
is more comfortable, hence the flexible cystoscope may 
more easily be used in the office or outpatient department 
under local anesthesia. Another advantage is that the whole 
bladder including the anterior bladder wall is more easily 
inspected because the tip can be deflected through 180°. The 
main disadvantage is the size (5 F) of the operating channel, 
which limits some intervention. A small biopsy taken with a 
fine, flexible biopsy forceps diathermy of small lesions using 
a wire electrode is possible with flexible cystoscope. The 
view is not clear as that obtained through a rigid telescope 
but in recent development in fiber-optic system mode the 
image is almost comparable. The cost of the equipment is 
more compared with rigid cystoscope and less durable. 


Principle of flexible cystoscope: Fiber optical endoscope 
for the urologist offers many advantages over the rigid 
endoscope but also have many disadvantages and 
problems. The principle of flexible endoscope light 
transmission by flexible conductors is based on the 
total internal reflection principle, which results when a 
light beam strikes the boundary between substances of 
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different optical densities. Total internal reflection can 
be achieved by wrapping a glass fiber of a high refractive 
index with a glass cladding of a lower refractive index. 
When such fibers are arranged in parallel bundles, images 
can be transmitted. The light fiber bundle runs from the 
focal point of the objective lens to the focal point of the 
magnifying lens at the proximal end. The rupture of glass 
fibers causes a reduction in light transmission and thus a 
decline in the quality of the transmitted image. When light 
cords are used, a rupture can be detected by a diminution 
of light. Frequent checks are recommended (Fig. 101.6). 


Advantages and Disadvantages of Flexible Cystoscope 


Advantages: The advantages are mentioned below. 

e Urethrocystoscopy can be performed under local 
anesthesia 

e Whole bladder can be inspected because the tip can be 
deflected through 1,800 

e Most of the minor intervention like biopsy, stent 
removal, fulguration of small tumor, etc. can be done 

e Per unit cost is less. 


Fig. 101.6: Flexible cystoscope (Black) and the fiber optic light 
system. Flexible cystoscopes are principally used in the office 
practice under local anesthesia since they are more comfortable 
for the patient than rigid cystoscopes 


Fig. 101.7: Resectoscope 


Disadvantages: The disadvantages are mentioned below. 
e Quality of image is inferior to rod lens 
e Experience of the surgeons is needed 
e Shorter life of the endoscope and become more 
expensive 
e Takes time for orientation. 
In flexible instruments, the distal end, which carries 
the objective, can be controlled and guided by a remote 
control at the ocular end. 


Resectoscope 


This is one of the most important tools in the urologist’s 
gadgets. Resectoscope consists of a sheath, an obturator, 
working element, a direct vision telescope (00, 120 or 30°), 
and a loop electrode. In addition to bare metal sheaths, 
teflon-coated metal sheaths are now available. Ceramic 
insulation prevents singeing of cut edges. A straight 
dilating obturator is used most frequently. Deformable 
obturators facilitate insertion of the instrument to pass 
prominent middle lobes. A direct vision obturator permits 
insertion of the sheath under visual control, is more 
preferred. The working element, which houses the optical 
system, the loop electrode, and the high frequency cable, 
is used for cutting. Two types of methods for working 
elements are provided by most manufactures (Figs 101.7 
and 101.8). 


Passive Cutting Working Element (Nesbitt) 


In “passive cutting” the loop’s resting position is inside the 
sheath. Pushing the loop forward against the resistance 
of the spring results in passive “cutting by spring tension” 
when the stretched spring is released (Nesbitt). 


Fig. 101.8: Transurethral resection with resectoscope 
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Active Cutting Working Element 


In “active cutting” the sling electrode extends beyond the 
instrument in resting position. In active “cutting by finger 
tension’, the cutting motion works against pressure from 
the spring. 

In rotating resectoscope, the electrotome with its 
high frequency cable and the sheath within and outflow 
irrigation tubes remain in the same position throughout 
the procedure, whereas the electrode and the optical 
system move and rotate freely within the resectoscope 
shaft. 

Narrow gauge resectoscope (about 15.5-Ch) is 
recommended for use in adolescent. Resectoscope for 
children is available in sizes of 10-13-Ch. 


Low Pressure Continuous Flow Resectoscope 


Low-pressure continuous-flow resectoscope provides 
continuous irrigation and suction. An inner tube, inserted 
into the outer sheath, contains both electrode and optical 
system and carries the irrigating solution into the bladder. 
Effluent is carried through slots at the proximal end of 
the outer sheath, into the space between inner and outer 
tubes. An additional suction pump ensures a sufficient 
outflow. It provides some distinct advantage as one can 
resect faster. It can be converted to intermittent irrigation 
resectoscope if the outer sheath is removed. It is slightly 
more expansive than normal type. 


Suprapubic Aspiration Instruments (Reuter’s Trocar) 


Continuous low-pressure suprapubic irrigation (Reuter’s 
trocar) consists of a sheath, which receives the trocar, and 
a channel for pressure measurement. It also includes a 
moveable aspiration cannula, and a fitting for the irrigation 
tube. Alternatively, a half-sheath adapted to the trocar 
sheath can be used to insert a balloon catheter before 
transurethral resection of prostate would do the purpose. 
This procedure helps in resecting the large adenoma 
quickly. 


Bipolar Resection and Vaporization of Prostate 


Bipolar resection or TURis system resectoscope is based on 
the proconventional resectoscope but allows the surgeon 
to perform transurethral resection in saline—to overcome 
many of the risks inherent in monopolar electrosurgery. 
By exchanging only the working element, HF cable 
and electrodes, the resectoscopes can be upgraded for 


resection in saline, thereby supporting both, standard TUR 
and TURis.*”° 

The flow of current through the patient’s body, from 
the working electrode to the patient plate, is one of the 
major risks of conventional monopolar electrosurgery 
is overcomed by using physiological saline for irrigation, 
thus significantly reducing the risk of ‘TUR syndrome’ 
Conventional electrosurgery requires a non-ionic 
distension medium, with the potential risk of more 
iatrogenic complications, such as hyponatremia and 
cerebral edema, which have all been reported from the 
use of water, 5% dextrose in aqua, glycine, sorbitol and 
mannitol. 

This bipolar resection system cuts smoothly, producing 
fine chips for the best pathologies. In cutting or coagulation 
mode, the resectoscope draws the plasma around the 
loop, allowing accurate, fast and virtually bloodless 
ablation of tissue. TURis is associated with a reduced risk 
of TUR syndrome, minimized depth of thermal spread and 
reduced obturator nerve stimulation.” 


TURis Plasma Vaporization of Prostate 


The plasma vaporization electrode represents a complete 
new type of electrode and allows a revolutionary BPH 
treatment: Virtually bloodless, highly effective, easy- 
to-learn and at the same time much more cost-efficient 
than laser equipment. The plasma corona creates well- 
coagulated tissue and a smooth surface. Also the use in 
coagulation mode is possible and shows excellent results.®” 
The clinical experience accumulated up to this time 
point indicates that bipolar vaporization of the prostate 
is an effective and safe minimally invasive technique, 
providing very good hemostasis control and low 
complication rates. The improved surgeon vision and 
hemostasis during the procedure makes it suitable for 
use in patients from high-risk groups, including those 
with cardiac pacemakers, bleeding disorders, or under 
anticoagulant therapy. These advantages, together with a 
significantly reduced cost per procedure (in comparison 
with laser techniques) make bipolar vaporization a very 
attractive technique, in all urological practice settings. 
Large randomized trials with long-term follow-up are still 
needed, to finally validate the value of the method and its 
place in the current armamentarium of BPH therapy.” 


Evacuators 


Resectoscope connected to the evacuators (e.g. Ellik) can 
be used to aspirate resected tissue. In sheaths with a central 
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Fig. 101.9: Ellik ‘s bladder evacuator, available in disposable or 
reusable models, is designed for ease of maneuverability during 
the removal of tissue sections during transurethral prostatectomy, 
TURPs, bladder biopsy, etc. 


tap, resected tissue can be evacuated by negative pressure 
built up in the glass bulb and aspiration tube (Fig. 101.9). 


Electrodes 


Varieties of loops are introduced by different manufactures to 
meet the special needs of urologists. Loop electrodes consist 
of a thin tungsten wire (0.3-0.4 mm). The convex portions of 
the loops become thin with use and make sharper cuts. The 
experienced surgeon can make use of the sharpness. Worn 
loops should be replaced as soon as possible. 

Hook electrodes and Collins knife are suitable for 
incisions of bladder-neck stenosis; button or roller 
electrodes are used for hemostasis. Roller electrode is 
used for electrovaporization of prostate. Then flat loops 
are introduced with the idea that more contact time with 
tissue will help in hemostasis (Fig. 101.10). 


Optical Urethrotomes 


Visual or optical urethrotomes are used for calibrating 
urethral strictures under direct vision. Some manufacturers 
(Storz) allow the same working element that can also be 
used for transurethral electroresection, has a 0° telescope 
and carries a cold knife. The 20-Ch urethrotome sheath 
has a 5-Ch channel for the insertion of a guidewire 
(Fig. 101.11). 

A urethral catheter may be more easily inserted if a 
half-sheath is adapted over the urethrotome and is left 
in the bladder after the instrument has been removed. 
For the treatment of strictures in children, 10-Ch visual 
urethrotomes with probe channel are available. 


Fig. 101.10: Resectoscope TURP electrode cutting loop, coagulating 
electrode, spike electrode, roller electrode and vapor cutting 
electrode 


EQUIPMENT FOR UPPER TRACT 
Ureterorenoscope 


Semirigid Ureterorenoscopes 


Compact direct vision telescope of 8-10-Ch, equipped 
with an irrigation channel and a channel for instruments 
(5-Ch). The greater the outer circumference, the greater the 
irrigation capacity and instrument channel, and greater 
the variety of rigid instruments, that can be inserted. 
Although these are called rigid practically they are in fact 
semirigid and the optical systems are made of fiber-optics 
not rod lenses. This is so because during ureteroscopy 
slight binding of ureteroscope will give the half moon 
effect in rod lens optical system which can be avoided by 
using fiber-optic telescopic system (Fig. 101.12). 


Flexible Ureterorenoscopes 


Fiber-optic ureterorenoscope can be used for diagnostic 
and therapeutic works in the ureter, renal pelvis and 
calices. The smallest instruments, of 5.5-7-Ch, usually 
do provide for an irrigation channel and their distal end 
be bent. In ureterorenoscope of 7.5-Ch can also admit a 
very small brush or tiny biopsy forceps. Electrohydraulic 
lithotripsy probe, laser probe or flexi pneumatic lithoclast 
probe may be used to break stones in calyceal systems or 
for managing TCC in ureter or pelvis (Fig. 101.13). 
Although fiber endoscopes do not achieve the same 
image clarity as rod lens optical systems, image quality is 
satisfactory when irrigation is sufficient. These instruments 
are not widely used because they are expensive and fragile. 
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Fig. 101.11: Optical or visual burethrotome. Narrowing of the 
urethra due to stricture can be divided and the urethra can be 
calibrated using a special internal knife or a laser probe through 
the optical or visual burethrotome 


Fig. 101.12: Semi-rigid ureteroscopes. Navigating ureter 
requires the smallest, most durable and least trauma-inducing 
scopes. Semi-rigid ureteroscopes fit the bill, helping the surgeon 
comfortably assess and perform procedures in the operating room 
(OR) 


Fig. 101.13: Flexible ureterorenoscopes. Most flexible ureteroscopes 
allow active downward and upward deflection with angulations 
up to 270 degrees and allow the access of the entire pyelocalceal 
system. Apart from treating bigger ureteral or pyelocalceal 
stones, also tumor ablation, treatment of caliceal diverticula and 
endopyelotomy and endoureterotomy is possible 


Percutaneous Nephroscope 


Rigid nephroscopes: Percutaneous nephrolithotripsy 
(PCNL) is done with nephroscopes and they are now 
available with continuousirrigation systems which provides 
excellent clear views with continuous low pressure setting. 
Large working channels allow use of lithotripter probe and 
stone extraction forceps for lithotripsy. Lithotripsy can be 
performed by means of pneumatic or ultrasound probe 
for disintegration of calculi. The insertion of appropriate 
instruments permits both electroresection and cold 
cutting coagulation of bleeding points (Fig. 101.14). 
Many manufacturers offer an armamentarium for 
puncture of the calyceal system and dilatation of the tract. 
The choice of suitable disposables and instruments is left 
with the surgeon. 
are 


Flexible nephroscopes: Flexible nephroscopes 


introduced into the kidney through an Amplatz or working 
sheath or through an established percutaneous tract to 
examine the calices for retained stones. This is possible, as 
their tips are flexible. 

With an outer diameter of about 15-Ch, a5-Ch channel 
serves alternately to irrigate and to insert thin flexible 
instruments. 


The urologist should give the same attention to choose an 
operating table as to the choice of cystoscopes. A lifetime 
of bad working position will leave a legacy of osteoarthritis 
in the surgeon’s neck and back. A standard urological 
table from a reputed manufacturer will fulfill the use of 
urologists need. For PCNL a lucent top table with facilities 
to use the C-arm during work is required. 


Urologist is used to work frequently in depth, e.g. radical 
surgery in pelvis or reconstructing urinary tract deep into 


Fig. 101.14 Rigid nephroscope 
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the abdomen. A good overhead shadowless lamp with 
cold light source from a xenon or halogen bulb is desirable. 
Additional side lamps should be available if necessary. 
Fiber-optic head lamp is ideal adjunct for the surgeon and 
the first assistant and is mandatory for precision. 


The Surgeon's Stool 


The surgeon’s stool should be adjustable in height, mobile 
and equipped with hydraulic system. Ideally the height 
adjustment should be by foot pedal under the control of 
the surgeon. Armrest provides rest to the arm during long 
procedures. 


Video Monitoring 


Video monitoring of endoscopic procedures has now 
become routine practice. Small, high-resolution color 
cameras attach to the eyepiece of the endoscopes and 
allow real time projection on large television monitors in 
the operating room. This is invaluable for both teaching 
and allowing an assistant to share the operator’s view. 
Video monitoring of endoscopic procedures offers several 
distinct advantages: (i) a standing, comfortable position; 
(ii) magnified, binocular vision; and (iii) greater eye 
protection from blood and irrigating fluid. 


Instrument for Stone Management 


Non-optical litholapaxy forceps are seen in surgical 
museums. These old instruments represent some of the 
earliest attempts to manipulate stone bladder. The optical 
stone instruments are of several types. Modern equipment 
for stone management always allows manipulation under 
direct vision and same telescopic system can be used. 


Optical Lithotrite 


The stone is crushed between jaws. The advantage is that 
bigger stones can be broken in a shorter time than with 
the other instruments. The main disadvantage is that the 
instrument is of large caliber. 


Mauermayer Stone Punch 
The advantage of this instrument is that it is very strong 
and yet will fit through any larger straight sheath. 


Intracorporeal Lithotripsy 


There are various methods of disintegration of stone 
lithoclast, electrohydraulic, ultrasound or laser can be 
used through the endoscopic system. 


Electrohydraulic lithotripter: The electrohydraulic stone 
disintegrator depends, on holding the probe about 1 
mm from the surface of the stone and generating a fluid- 
transmitted shock wave from a spark at the tip of the probe. 
The main risk is that if the electrode is applied to normal 
tissue it will punch holes through it. Many shocks may be 
needed before a hard stone will disintegrate, and another 
problem is that the electrodes quickly wear out. Once the 
stones have been shattered, the pieces have to be removed 
by forceps. Because of the running cost of the electrode 
and high incidence of tissue damage this equipment is 
hardly used nowadays. 


Pneumatic lithotripter: Lithoclast or mechanical 
hammer, operated by compressed air, was first introduced 
by the Swiss scientist made it available for urologist in 
early 1990s. This unit is the most competent system for 
endoscopic lithotripsy and become standard equipment 
for all advanced centers. Variety of rigid and flexible probe 
is available for the use in nephroscopes and ureteroscope. 

Further modification was done by adding a suction 
unit (Lithovac) which claims to improve the efficiency of 
the equipment and surgeons (Fig. 101.15 to 101.17). 


Ultrasound lithotripter: The ultrasound lithotripter has 
the advantage of a suction channel incorporated into the 
ultrasound probe. The probe is applied to the stone and the 
disintegrated stone dust is sucked away. There are several 
disadvantages. The ultrasound probe is straight and this 
may cause problems with access. Stone disintegration 


Fig. 101.15: Electro-pneumatic lithotripter RBST is an electro- 
pneumatic lithotripter. It works according to the principle of 
collision of a bullet, accelerated by compressed air with a steel 
probe. The operator can easily select the pulse mode as single 
or continuous, by simply pressing the touch-key panel. The total 
number of pulses applied can be monitored on a digital counter. 
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Fig. 101.16: Portable pneumatic lithotriptor may be used via 
a rigid or semirigid endoscope with a straight working channel, 
for the fragmentation of urinary tract (kidney, ureter and bladder) 
stones. The CO, gas-driven system provides higher probe-tip 
velocity at impact to break even the hardest stones. It requires fewer 
shocks to fragment stones; minimal probe movement reduces 
stone retropulsion. Shown in clinical studies to be atraumatic to 
surrounding tissue. The lack of foot pedals, power cords, consoles 
or external gas supplies makes the device completely portable. 


Fig. 101.17: The Swiss LithoClast ultra intracorporeal lithotripter 
offers simultaneous ultrasonic and pneumatic lithotripsy. The 
proven pneumatic lithotripter effectively fragments large stones 
while the powerful ultrasonic lithotripter provides fragmentation 
and suction of finer calculi. The simultaneous use of both 
technologies, operated through a single foot pedal, significantly 
reduces stone removal time. 


is relatively slow. The ultrasound generator attached to 
the probe is bulky, making the instrument slightly more 
awkward to handle. Finally, the older ultrasound generators 
emitted noise and the manufacturers recommend the use 
of ear protectors or ear plugs. 


Laser-induced stone disintegration: Holmium: YAG 
Laser is standard laser energy for breaking the stone 
into very small fragments, which may not be required 
to be removed. It is expected to be removed with urine 
spontaneously. Holmium YAG laser also can be used for 
other urological works, e.g. inoculation of benign prostatic 
hyperplasia, endopyelotomy, visual urethrotomy, etc or 
treating bladder tumor, etc. Previously pulse dye laser was 
used for breaking stone but this laser cannot be used for 
other urological works. Laser is expensive and not cost- 
effective for third world countries. 


The otis urethrotome: The otis urethrotome is anon-optical 
instrument, which enables a cut to a predetermined depth 
through the urethral mucosa and dilates the urethra by 
opening out. It is usually used to relax the urethra before 
cystolitholapaxy. 


STERILIZATION AND CARE OF ENDOSCOPIC 
INSTRUMENTS 


Careful maintenance of instruments not only contributes 
to the safety of the patient but also extends the useful life 
of the instrument. Maintenance should be done by trained 
personals. The following procedure may be recommended: 


Preliminary Disinfection 


Used instruments, contaminated by microbes and soiled 
with mucus, blood, pus and other substances, must 
undergo a preliminary disinfection before formal cleaning. 
Instruments should only be handled with rubber gloves, 
in order to prevent infection. After disassembly, optical 
systems and mechanical parts are placed in separate 
containers of disinfectant solutions. The varying action of 
different disinfectants must be taken into account. 


Cleaning 


Preliminary disinfection is followed by a thorough cleaning 
of the instruments. The use of rubber gloves is mandatory 
for protection against infections since some spores are 
still virulent after preliminary disinfection, as they are 
protected by residues of blood, mucus or pus. After the 
taps have been opened and the rubber caps and washers 
have been removed, the various parts of the instrument 
are washed, first with cold and then with warm water. Taps 
and channels must be rinsed out with a syringe. 

After a thorough mechanical cleaning of the guide 
channels with suitable brushes, swabs, and similar 
devices, the instruments are rinsed again with tap water 
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and then with demineralized water. The use of compressed 
air shortens the drying process. 


Care of the Urological Endoscopic Instruments 


e Preliminary disinfection 
e Cleaning 
e Drying 

Particular attention should be paid to cleaning the front 
and ocular lenses and the connecting flanges of the light 
conductors. Cotton swabs dipped in alcohol or detergents 
can be used for this purpose. 


Drying 


After the instruments have been cleaned, they must be 
dried thoroughly with particular care being given to the 
guide channels. These can be dried with compressed air 
or with sterile cloths. Instrument oil or lubricants may 
be used if required. Proper maintenance of instruments 
includes a check of the sheaths and loops for potential 
defects in insulation. The disassembled instruments with 
their accessories are stored or sterilized for further use. 


Disinfection of Light Cables and Fiber Endoscopes 


No uniform guidelines exist for the disinfection of flexible 
light conductors or fiber endoscope; some recommended 
methods for disinfection have not been tested. Many 
manufacturers often suggest that optics not be included in 
the disinfection process. 

Rinsing with water, alcohol, or a disinfectant solution is 
insufficient to disinfect either the surface or the channels 
of an instrument. Automatic disinfection machines, 
which provide a controlled flow of disinfectant through all 
channels, are meant to solve this problem. 

In cold sterilization, there is a risk that the glass fibers 
might be destroyed if the disinfectant solution penetrates 
watertight claddings. 


STERILIZATION METHODS FOR 
UROLOGICAL ENDOSCOPES 


Autoclaving 


Sterilization by high-pressure steam at a temperature of 
at least 1,200°C has proven to be more reliable than gas 
sterilization and should be used for any instruments that can 
be treated in this way. Many endoscopic optical systems and 
light conductors available on the market can be autoclaved 
under specific conditions, as indicated by the manufacturer. 


Cold Sterilization 


Cold sterilization ofurologicinstruments, using microbicidal 
(sporicidal) solutions, is widely used. Most commonly 
used agent is glutaraldehyde solution which is impossible 
to demonstrate sufficient exposure of all contaminated 
surfaces to solutions of the proper concentration. It is 
claimed that insertion of instrument in 2% glutaraldehyde 
for 10 minutes may destroy the vegetative form of organisms. 
If immersed for 10 hours, it may destroy the spores also. 
Critics also point out that follow-up rinsing might result 
in recontamination. For these reasons, it is recommended 
that cold sterilization may be used for telescopes and other 
instruments are sterilized by autoclaving. 


Safest Technique for Sterilization 


Safest technique for sterilization of urological equipment 
is autoclaving including the optics if they are autoclavable 
marked by the manufacturers. 

Telescopes may be sterilized by glutaraldehyde 
(cidex), if they are not marked as autoclavable by the 
manufacturers. All other components are sterilized by 
autoclaving. 

High temperature acting for a shorter time has proven 
valuable for the sterilization of endoscopic optical systems, 
whereas low temperatures for a longer time shorten the 
useful lives of such systems. 


Gas Sterilization 


Sterilization by microbicidal gas is well-suited for 
instruments that cannot tolerate heat, especially those 
with narrow-gauge internal cavities. Instruments that are 
to be sterilized can be packed in plastic film, which is spore 
proof but permeable to gas and water, as this protects 
against recontamination by microbes after sterilization. 


Formaldehyde Vapor 


Sterilization with formaldehyde vapor consists of repeated 
evacuation ofair, followed by introduction of formaldehyde 
vapor as a 2% mixture of formaldehyde and steam at 600°C. 
After sterilization, in the desorption period, pulses of air 
and water rinse away formaldehyde residues to such an 
extent that the sterilized item can be reused immediately, 
without further removal of gas or drying. 

Sterilization by means of formaldehyde tablets in 
drawers or so-called sterilization cabinets does not 
completely eradicate spores and therefore should not be 
used. 
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Ethylene Oxide 


Sterilization with ethylene oxide should be applied 
exclusively to heat sensitive instruments. Ethylene oxide 
sterilization systems and facilities assigned for their 
use must meet certain specifications. Under normal 
conditions of temperature and pressure, gaseous ethylene 
oxide is toxic and inflammable and blends with air over a 
wide range of concentrations to form an explosive mixture. 
Moreover, it anesthetizes the sense of smell over a period 
of time if inhaled at a low concentration. Since, the gas is 
heavier than air, it sinks to the floor, from which it must 
be removed by suction. Ethylene oxide is classified as a 
carcinogen. If ethylene oxide comes into contact with wet 
skin or mucosa, blisters may arise after a period of time. 

Most materials absorb ethylene oxide, which might 
then react with some constituents of the items to be 
sterilized and produce toxic substances. For example, 
in the presence of chloride ions in a physiologic sodium 
chloride solution or in PVC, the toxic substance ethylene 
chlorohydrin is produced. In contact with water, ethylene 
glycol develops a toxic substance that adheres firmly to 
synthetic materials. 


Plasma Sterilization 


The Plasma was named after an American physicist, Irving 
Langmuir. Plasma is known as the fourth state of material 
and 99% of all the materials in the space is known to be 
plasma. When solid acquires heat (energy), it transforms to 
phases of liquid and gas, sequentially. When gas is applied 
with a greater energy, it becomes plasma with ionized 
elements, which are different from the prior phases. As the 
number of positive and negative ions compensates each 
other, the overall electrical property of plasma becomes 
neutral (Fig. 101.18). 


Principle of Plasma Sterilization Technology 


We can often experience the plasma technology from air 
purifier. The inside of an air purifier consists of a high- 
voltage generator, which applies high voltage to two 
electrodes located a few millimeters apart from each other. 

When high voltage is applied to the electric plates 
facing each other and polluted air passes through the 
space between the plates, the air, acquiring high energy, 
is sent back again to the atmosphere in a form of ozone 
and ions. The air, then, is sterilized and purified with ozone 
and ions. Based on this principle, therefore, an air purifier 
generates ozone and ions. 


Plasma sterilization is low 
is fast, safe and cost-effective 


101.18: Plasma sterilizer. 
temperature sterilization, which 
with the plasma sterilizer. This is designed to sterilize heat-sensitive 
instruments and materials, using a safe vaporized hydrogen 
peroxide sterilant. It has the versatility to sterilize a wide range of 
instruments including endoscopes. 


Fig. 


The plasma technology for sterilization was taken 
from air purifier. The plasma sterilization mechanism 
involves the use of hydrogen peroxide, which is vaporized 
and transferred to a vacuum container where medical 
equipment is placed for sterilization. Then, a strong 
penetration force pushes the hydrogen peroxide vapor 
through the pouch and into the medical equipment (Fig. 
101.19). 

The vapor, then, undergoes a surface oxidizing 
reaction with microbes on the medical equipment. The 
mechanism of this reaction is similar to that of skin aging 
process. During the surface oxidizing reaction between the 
hydrogen peroxide vapor and microbes, the membrane 
surrounding the spore is destroyed and the spore is 
ultimately killed as the result. 


CONCLUSION 


Low temperature, atmospheric pressure plasmas 
have been shown to possess very effective germicidal 
characteristics. Their relatively simple and inexpensive 
designs, as well as their non-toxic nature, give them the 
potential to replace conventional sterilization methods in 
the near future. This is a most welcome technology in the 
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Fig. 101.19: The theory of plasma sterilizer. The reaction of plasma and hydrogen peroxide (H,O.) gas disrupts the metabolism of 
microorganisms. The H,O, gas completely decomposed into vapor water and oxygen as byproduct. 


healthcare arena where reusable; heat sensitive medical 
tools are becoming more and more prevalent. 
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PRELUDE 


Correct irrigating solution is important in endoscopic 
urologic operations, especially transurethral resection 
(TUR) procedures. Varieties of irrigating fluids are required 
in urological operations at different stages. Solutions must 
be sterile, isotonic, pyrogen and electrolyte free. Liquids 
containing ions is capable of conducting electricity (e.g. 
a 0.9% NaCl solution), is not suitable for use with high 
frequency currents. 


CHARACTERISTICS OF IDEAL IRRIGATING 
SOLUTION FOR TRANSURETHRAL RESECTION 


It should be: 
e Sterile 
e Jsotonic 


e Pyrogen free 
e Electrolyte free. 

For the same reasons, the water used as a solvent in 
dextrose or glycine solutions, but should be electrolyte 
free. Isotonic dextrose solution found to be safe even for 
patient with diabetes mellitus. 

Commercially prepared solutions are preferable for 
endoscopic urologic surgery. It should be sterile, free 
of pyrogen, isotonic, electrolyte free and consequently 
without hemolytic effect. They should preferably be 
supplied in a bag of 2-3 liters. 

Twin tubing with a reflux valve guarantees the required 
high flow rate. Furthermore, the valve prevents reflux of 
irrigating solution from the bladder into the inflow system 
at higher pressures. 


Irrigating Solutions: Glycine Solutions 


Risks of using glycine solutions result from the effects of 
its metabolic products. First of all, glycine is transformed 
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into glyoxylate be a metabolic reaction involving glycine 
oxidase and glycine transaminase, which produces 
dangerous amounts of ammonia. Secondly, glyoxylate 
is oxidized enzymatically to oxalate, which in higher 
concentrations might cause renal dysfunction. Despite of 
all these facts, the glycine solution is the most popular 
irrigating solution throughout the world. 


Irrigating Solutions: lsotonic Dextrose Solution 


Five percent dextrose solution in water provides an 
excellent irrigation solution which is cheap, easily available 
and well- tolerated. The solution is safe for diabetics but 
pre, intra and postoperative blood sugar monitoring is 
indicated. Because of all these facts 5% dextrose solution 
can be used as a routine endoscopic work. 


Irrigating Solutions: Automatic Sterile Water 
Irrigating Systems 


Automatic irrigating systems provide sterile water prepared 
by reverse osmosis is free of pyrogen, but unfortunately, 
still contains some electrolytes. A rotary pump injects 
additional concentrated substances to produce an 
irrigating solution that is nonhemolytic but not completely 
iso-osmotic. A special irrigating system transports the 
solution to the surgical instrument. Installation of this 
system is expansive and maintenance of the equipment is 
not easy. This system always carries some potential risk for 
patients. Nowadays this system is rarely used. 


Irrigating Solutions: Transurethral 
Resection Syndrome 


Transurethral resection syndrome is a clinical condition 
resulted from high influx of irrigating fluid in the system 
from the prostatic bed during TUR of prostate. Variable 
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amounts of irrigant are introduced into the body in the 
course of every prostatic TUR, TUR syndrome seldom 
occurs. But once occurred, should be considered as 
serious clinical situation. 


Bipolar Transurethral Resection of Prostate (TURis) 
and Vaporization of Prostate Using Isotonic Saline 


There are many alternatives and modifications of 
TURP that aim to improve the outcome and reduce 
the associated morbidity. The most significant recent 
technical modification of TURP is the incorporation of 
bipolar technology. Bipolar TURP (B-TURP or TUT is) 
addresses a fundamental flaw of monopolar TURP 
(M-TURP) by allowing resection in normal saline, and the 
technique seems to be promising. The goal of B-TURP is to 
allow immediate debulking of a large obstructing prostatic 
adenoma with the same benefits of monopolar resection, 


but with a lower incidence of complications from systemic 
absorption of hypotonic irrigant. 
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INTRODUCTION 


Shailesh Raina, BK Dastur 


Clean intermittent catheterization has been clearly 
established, as the best way of achieving good bladder 
emptying for acontractile or neuropathic bladder is 
adequate bladder emptying, prevention of urinary tract 
infection and preservation of upper urinary tract function. 
When the understanding becomes perfect, most people 
find intermittent catheterization easy. It may be needed 
in any age and disability does not preclude a trial of 
intermittent catheterization, and even patients with severe 
spinal deformity, absent perineal sensation, intention 
tremor, poor eyesight, etc. Follow-up has shown that clean 
intermittent catheterization gives good long-term results. 


HISTORY 


The pioneer of intermittent catheterization was Guttman 
and Frankel (1967) who starteditin the spinal units and they 
used sterile catheters and strict asepsis and stressed that 
the procedure should be performed by medical personnel, 
in order to prevent infection. Lapides, in 1972 proposed 
that nonsterile “clean” intermittent self-catheterization 
technique and proved it to be safe and equally effective. 
Intermittent catheterization was thus made simple and 
could be incorporated into a daily routine.'” 


EFFECTS OF INTERMITTENT CATHETERIZATION 


The bladder empties completely in continent patients, 
but the bladder that contains a large volume of residual 
urine soon reaches capacity, causing frequency, urgency 
or incontinence. If the bladder is emptied with a catheter 
intermittently the bladder will function more effectively as 
a reservoir like a normal bladder. When the residual urine 
is eliminated, urinary stasis leading to urinary infection 
and calculi is reduced. 


Clean Intermittent 
Self-catheterization 


The sphincteric overactivity leading to outlet obstruction, 
detrusor sphincter dyssynergia, and high intravesical 
pressures is responsible for upper tract dilation by impeding 
drainage of urine from the kidneys and/or causing 
vesicoureteric reflux. Infection increases the risk of upper 
tract damage. The intermittent catheterization preserves 
the upper tract by eliminating residual urine, decreasing 
intravesical pressure and reducing urinary infection. 


PREREQUISITES OF CLEAN INTERMITTENT 
SELF-CATHETERIZATION 


The motivation of the patient and the family is absolutely 
essential for the success of this program. An adequate 
bladder capacity is important for clean intermittent self- 
catheterization (CISC), and large residual urine is a 
good indicator of bladder capacity. Greater the volume of 
residual urine, the better are the prospects of the patient 
remaining dry in between catheterizations. The patients 
with hyper-reflexia require anticholinergic drugs to attain 
a storing capacity and if still not achieved, they may require 
augmentation cystoplasty. 


Indications 


e Acontractile bladder 

e Following cystoplasty and orthotopic bladder, etc. 
e Spinal cord injury 

e Diabetic neuropathy 

e Transverse myelitis 

e Multiple sclerosis. 


Self-catheterization Teaching Program 


The intermittent catheterization is best taught with the 
patient admitted to the hospital as this gives an opportunity 
to closely observe the patient during the learning process. 


Chapter 103 Clean Intermittent Self-catheterization 


A thorough physical examination should include assess- 
ment of spinal deformities, hand movements, eyesight, 
and sensation in the saddle area. 

Baseline investigations should be carried out to 
establish a diagnosis as well as to serve as a baseline for 
future comparison. The continence adviser or a specially 
trained nurse takes charge of the education, and must 
explain the rationale and benefits, reassuring the patient 
that intermittent catheterization is neither painful and 
difficult nor dangerous. Appropriate diagrams help the 
patient in understanding the anatomy. 

A thorough cleaning of the hands and perineal area/ 
penis with soap and water and then the catheter is washed 
with soap and plain tap water. The female patients may 
sits on the examination table with feet on the table, lower 
limbs flexed and knees held apart. In the sitting position, 
the patient is able to visualize the perineum in a mirror at 
the foot of the table. Labia are separated and the subject is 
instructed to insert the catheter through the urethral meatus 
into the bladder holding the catheter 2 cm from the tip and 
with practice the patient learns to locate the meatus without 
the mirror by just feeling for the meatus (Figs 103.1A and B). 

For the male patient a sitting or standing position 
are advised to use a water-soluble lubricant for easy 
catheterization. When urine has stopped flowing, the 
catheter should be rotated and suprapubic pressure 
given, and then the catheter is withdrawn slowly. If 
urine starts to drain during withdrawal, the patient is 
instructed to wait with the catheter at that level till the 
urine stops flowing. This will ensure that the bladder is 
completely emptied. Timed catheterization should not 
be deferred even when soap and water are not available 
but to catheterize at the prescribed time with the best 
available measures. 


Frequency of Clean Intermittent 
Self-catheterization 


The intermittent catheterization must be frequent enough 
to prevent the bladder becoming over distended and to 
keep the patient dry. Patients should normally catheterize 
at least 4 times a day, more frequently in children, in 
patients with a high fluid intake, and in patients with a 
small capacity bladder (Fig. 103.2). 


CATHETERS AND CATHETER CARE 


Polyvinyl chloride catheters are commonly used. The 
Foley catheters have been successfully used by patients, 
but some feel more comfortable with the stiffer plastic 


Fig. 103.1: Intermittent self-catheterization of female and male 


catheter. The use of hydrophilic coated “LoFric” catheters 
are also available, but are expensive. Stainless steel 
catheters by females and also red rubber tubes have been 
reported. Usually 10-14 F catheters are suitable for adults 
while children use 6-10 F catheters and for small babies, a 
4-6 F infant feeding tube is ideal.’ 

The catheter should be kept clean and dry, and may be 
compared to the care of the toothbrush. Following use, the 
outer surface of the catheter may be washed with soap and 
water and the inside with clean water. The water inside the 
catheter is then thoroughly wrung out and the catheter 
should be carried in a dry state in a clean container. 
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Fig. 103.2: Self-catheters are made of silicone and are designed 
for urethral self-catheterization. Male and female self-catheters are 
available in self-catheterization set, which include a catheter, and 
a catheter case with hook and a cap 


This catheter may be re-used, and there is no fixed period 
of time for usage. Common sense approach is applied and 
the catheter is changed when it gets dirty or damaged. 
Usually, most patients reuse the catheter for about a week. 


Role of Antiseptics 


The use of these agents for sterilizing catheter may be 
counter-productive. There is no proven advantage of 
antibacterial lubricants or bladder instillations. The saline 
washes are adequate if there is accumulation of debris in 
the bladder. The perineal hygiene was the most important 
factor in preventing skin and lower urethral colonization 
by Gram-negative bacteria. Through washing with soap 
and water was found to be adequate and soap and water is 
universally available in all toilets. 


Role of Antibiotics 


The use of antibiotics seems to have a very limited role. 
Clinical infections are treated with antibiotics. The 
bacteriuria need not be treated except in patients with 
severe upper tract damage/high grade reflux and in 
the immunocompromised™" (Renal Transplant) and 
antibiotic prophylaxis may be recommended in this group. 


FOLLOW-UP 


The patients should be seen frequently till they are 
confident about the technique. An ultrasound residual 


urine measurement may be done to ensure that the 
bladder is being completely emptied. Male sphincter 
spasm may prevent the catheter from entering the 
bladder, in this situation a curve and stiffer Tiemann 
catheter may be effective.’ Control of continence 
is achieved in the majority and the continence rates 
reported ranged between 80% and 95%.'*!%!2 Regular 
use of intermittent catheterization is excellent for 
upper tract preservation." Deterioration®*”’ rates 
reported ranged between 0% and 14% (average 9%). 
This is mandatory to follow-up patients on intermittent 
catheterization with upper tract imaging.®1®20-22,25,26 


COMPLICATIONS 


Other than infective complications, urethral complications 
suchas bleeding, stricture, and false passage are important. 
Lapides” reported a 11% complication rate in patients 
followed up for 5 years and Wyndale” reported a rate of 
20% in patients followed up for 12 years. The false passages 
are more common in patients who have had previous 
surgery. Uncommon and rare complications may include 
perforation of the bladder,” squamous cell carcinoma. 
Risk of urethral complications is greater in male patients 
and in patients with decreased sensation.*° 


CONCLUSION 


Continued support and consistent encouragement are 
the key to a successful clean intermittent catheterization 
program. The socio-economic factors, literacy, and 
availability of a convenient surrounding are important 
factors to be considered, especially in our setting. Alternative 
methods of bladder drainage such as Crede’s maneuver, 
straining, and reflex voiding are not effective and may 
produce vesicoureteral reflux (VUR), which may further 
damage the kidney. The continuous catheterization has 
a higher rate of urethral and infective complications. The 
urinary diversion also has its own complications. Compared 
with all intermittent catheterization is simple and effective. 
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PRELUDE 


Mohsin Uddin 


Circumcision of male is the oldest and the most widespread 
surgical operation (Figs 104.1A to C). It has been described 
that the first individual to be circumcised at God’s 
command were Abraham, who performed the procedure 
upon himself at the age of 99 (Genesis 27:24-25). Jews and 
Muslims had adopted circumcision from the Egyptians. 

In Islam, it is mentioned in some Hadith, but not 
in the Quran itself. Most Islamic scholars described 
it as circumcision is recommended, others that it 
is obligatory. 


ETHICAL ISSUES 


To perform circumcision routinely in infants is 
controversial. The supporters of routine circumcision 
believe that circumcision has a major role in preventing 
infections, cancers and slowing down the spread of 
AIDS. This view was not supported by some authorities 
in the United States, Australia, and Canada and do not 
recommend the routine, non-therapeutic circumcision 
of newborns. 

In some parts of Africa and in Egypt, female 
circumcision is still practiced. The procedure may involve 
cutting, but not necessarily removal of the clitoris, and 
sometimes labial tissue. Local belief is that, the female 
circumcision is a way of minimizing female sexual desire, 
thus ensuring the protection of a girl’s virginity and her 
family’s honor.’ 


INDICATIONS 


Indications for Infants 


e Phimosis 

e Paraphymosis 

e Extreme desire by the parents 
e Racial/religious ground 


Circumcision 


Indications for Adults 


e Phimosis; recent balanitis, such as that due to diabetes 

e The relief of paraphimosis following the dorsal 
slit operation 

e A suspected malignant lesion confined to a small area 
of the foreskin. 


ROUTINE CIRCUMCISION 


Anesthesia for Circumcision 


Admit an older child or adult, and starve him. If he is 
less than 15 years give him general anesthetics and if he 
is greater than 15 years use of local anesthesia may be 
suitable, but in general, anesthetic is a logical approach for 
all groups of children. Sometime it is also important to do 
a ring block round the base of his penis with 7-10 mL of 
0.75% bupivacaine or 2% lignocaine. General anesthetics 
and an infiltration of bupivacaine at the base works best as 
this long acting local anesthetic block will reduce the dose 
of anesthetics and will provide the sustained analgesia in 
the postoperative period.” 


Surgical Technique 


Adequate skin preparation including the inner side of the 
prepuce is done before surgery. Intelligent use of a probe, a 
small hemostat to free up the prepuce from adhesions to the 
glans will facilitate the procedure. A pair of sharp scissors 
may be used to cut a dorsal slit in his prepuce up to the 
upper level of the glans in his corona (Figs 104.1A to ©). 

A linear cut is made on the outer skin only round the 
corona, leaving a 2 mm fringe at the corona. About 4/0 
or 5/0 plain catgut is used to control bleeding. Control 
of the bleeding from the frenal vessels is achieved with a 
special four point stitch (Figs 104.2A to C). A dressing of 
the wound with vaseline gauze may be applied and may be 
kept for 24 hours (Fig. 104.3).3° 
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Figs 104.1A to C: (A) Skin marking before the circumcision; (B) Incision made by a pair of sharp pair of scissors longitudinally up to the 
marking; (C) The incision is continued and carried out laterally and ventrally on both side symmetrically to remove the prepuce 


|B] 


Figs 104.2 A to C: (A) Four point suture is useful to control the renal vessel and it also performs as a landmark stitch for skin apposition; 
(B) Stay sutures for perfect apposition of margins of skin; (C) Placement of 5/0 absorbable sutures for skin apposition 


CAUTION 


Use of unipolar diathermy should be avoided. Instead, 
the bipolar may be used. Risk of unipolar diathermy 
on the penis can cause gangrene of the whole organ. 
Use adrenalin in a local anesthetic for the penis can 
cause gangrene. 


CIRCUMCISION FOR PATIENTS WITH PHIMOSIS 


The term ‘Phimosis’ is derived from the Greek phimos 
(“muzzle”), is a condition where, the foreskin cannot 
be fully retracted from the head of the penis. Balanitis 
xerotica obliterans is considered to be a common cause 
of pathological phimosis. Other causes may include 
infections of the prepuce resulting scarring. Treatments 
may include application of steroid creams, manual 


stretching, preputioplasty and circumcision depending on 
the situation. 


Principle of Management 


Principle of the operation is to resect the prepuce obliquely 
at the level of the corona of the glans which will allow the 
glans to be fully exposed. 


Technique 


The procedure is best done with general anesthesia 
combined with dorsal nerve block which is reinforced 
by infiltration of the underside of the penis between the 
corpus spongiosum and the corpora cavernosa. The 
prepuce is gently stretched at the preputial opening and is 
enlarged by inserting the blades of a pair of artery forceps 
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and slowly opening them until the area is adequately freed. 
All fine adhesions are broken down between the glans and 
the prepuce.”® 

The prepuce is slitted dorsally in the midline with pairs 
of forceps and cut down between the forceps with scissors 
until the blades nearly reach the corona. The prepuce is 
then excised by extending the dorsal slit obliquely around 
on either side to the frenulum, and trim the inner preputial 
layer, leaving at least 3 mm of mucosa. 


Fig. 104.3: Circumcision completed with subcuticular suture 


All bleeding vessels should be secured with fine 
absorbable sutures or bipolar diathermy. The edges of the 
prepuce with interrupted stitches (Figs 104.4A to F).® 


Paraphymosis 


In paraphimosis, the foreskin becomes trapped behind the 
glans penis, and cannot be reduced (that is, pulled back to 
its normal flaccid position covering the glans penis). When 
such a condition persists for several hours, it should be 
treated as a medical emergency, as it can result in gangrene 
or other serious complications. It occurs most commonly 
in children. The diagnosis is clear and is recognized by 
a retracted, swollen and painful foreskin and the glans 
penis, which is surrounded by an edematous ring with a 
proximal constricting ring (Figs 104.5A to F). 


Differential Diagnosis 


e Inflammation of the foreskin (balanitis) due, for 
example, to infection. 
e Swelling caused by an insect bite. In such cases, the 
glans is not visible. 
Standard treatment of paraphimosis may include 
manual reduction of the foreskin or, if this fails, by dorsal 
slit or circumcision. 


Figs 104.4A to F: Phymosis and its management. (A) Prepuce cannot be retracted over the glans penis; (B) The prepuce is mobilized and 
freed from the glans penis; (C) The prepuce is removed; (D) The renal vessels are secured; (E and F) The skin is approximated with 5/0 sutures 
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Figs 104.5A to F: Paraphymosis and its management. (A) Paraphymosis; (B) Infiltration of adrenaline free 1% lignocaine for anesthetic 
block; (C) Gentle squeezing pressure may relieve the edema of the glans and multiple puncture with a hypodermic needle may be helpful 
in most cases; (D) If the previous techniques are not effective, then incision on the circular band is required to release the constricting 
band; (E and F) Following the release the constricting band, the prepuce is excised and the circumcision is completed in usual manner 


Reduction of the Foreskin 


Under general and also local anesthesia genitalia is 
prepared with a suitable antiseptic. 

The edematous part of the penis is held with a gauze 
pad and taken in hand to squeeze firmly. A firm and 
continuous pressure is exerted by the hands until the 
edema fluid passes proximally under the constricting 
band to the shaft of the penis. It may take a few minutes 
for swelling to be much reduced. At this stage the glans 
may be pushed proximally with the thumbs to draw the 
foreskin over the glans.° 


Difficulties with Paraphimosis 


If you fail to reduce his paraphimosis, the constricting 
band is too tight. Incise it dorsally and try again. 
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Penile zipper injury is one of the most common genital 
injuries seen in prepubertal boys. These injuries typically 
involve the foreskin or redundant penile skin and may 
occur during the zipping or unzipping process.’ 

Localized edema and pain are the most common 
findings; significant injury, including skin loss or necrosis, 
is unusual.’ Almost always these injuries occurred as the 
zipper was being zipped up as opposed to down. 


MANAGEMENT 


Zipper entrapment of penile skin is best managed under 
general anesthesia in the pediatric age group. General 
anesthesia may be avoided in older boys and if the median 
bar of the zipper can be cut, which allows the zipper 
mechanism to fall apart. Dorsal penile nerve block is also 
an option for the older boys. 

The standard method involves cutting the median bar, 
which allows the zipper mechanism to fall apart, releasing 
the entrapped skin (Fig. 105.1). The median bar may be 
cut with wire cutters, bone cutters, or a mini hacksaw.*’ This 
most-recommended method can be difficult to accomplish 
because the metal bar is strong and penile tissue entrapment 
within the zipper actuator can limit access to the metal bar. 

Success has also been described using a technique 
in which the thin blade of a small flathead screwdriver 
is placed between the faceplates on the side of the 
mechanism in which the penile skin is not entrapped.’ The 
blade is then rotated towards the median bar, widening the 
gap between the faceplates and releasing the skin. In cases 
of mild injury and injury around the penile shaft, repair 
the skin laceration with 5-0 absorbable suture. In cases of 
severe laceration or of difficulty in releasing the median 
bar, a circumcision is recommended. Inform parents 


Penile Zipper Injury 


about the possibility of a circumcision. Do not excise an 
area of skin or perform a circumcision; it only creates 
unnecessary morbidity for the patient. If at all, it requires 
only excise lacerated edges of the wound before suturing. 
This offers better scar formation.® 


COMPLICATIONS 


Glans injuries are rarely associated with zipper injuries. 
Such injuries are associated with large blood loss. Careful 
assessment of the glans is necessary, with repair depending 
on the extent of the injury. In extensive glans injury, place 
a urinary catheter for 24-48 hours to avoid irritation to the 
wound and to aid in micturition. 


Entrapped prepuce 


Wire cutter 


Fig. 105.1: A wire cutter may be used to cut the median bar of the 
zipper, releasing the two sides of the zipper and freeing the penis 


678 


Section 16 Operative Urology 


REFERENCES 


1. McCann PA. Case report: a novel solution to penile 


zipper injury-the needle holder. Scientific World Journal. 
2005;5:298-9. 


. Inoue N, Crook SC, Yamamoto LG. Comparing two 


methods of emergent zipper release. Am J Emerg Med. 
2005;23(4):480-2. 


. Nakagawa T, Toguri AG. Penile zipper injury. Med Princ 


Pract. 2006;15(4):303-4. 


. Strait RT. A novel method for removal of penile zipper 


entrapment. Pediatr Emerg Care. 1999;15(6):412-3. 


. Mishra SC. Safe and painless manipulation of penile zipper 


entrapment. Indian Pediatr. 2006;43(3):252-4. 


. Raveenthiran V. Releasing of zipper-entrapped foreskin: a novel 


nonsurgical technique. Pediatr Emerg Care. 2007; 23(7):463-4. 


Chapter 


106 


INTRODUCTION 


Suprapubic urinary bladder catheterization is a commonly 
performed procedure to relieve urinary retention. When 
placement of a urethral catheter is contraindicated or 
unsuccessful, percutaneous suprapubic catheterization 
is indicated in urethral injuries, urethral obstruction, 
bladder neck masses, benign prostatic hyperplasia (BPH), 
and prostate cancer. Avoid doing a suprapubic cystostomy, 
if a patient has carcinoma of bladder. 

Percutaneous suprapubic catheterization is absolutely 
contraindicated in the absence of an easily palpable or 
ultrasonographically localized distended urinary bladder. 
In these circumstances an open suprapubic cystostomy is 
preferably indicated. 

Suprapubic catheterization is relatively contra- 
indicated in the following situations: coagulopathy (until 
the abnormality is corrected), prior lower abdominal or 
pelvic surgery (potential bowel adherence to the bladder 
or anterior abdominal wall; may recommend that a 
urologist should perform an open cystostomy) and pelvic 
cancer with or without pelvic radiation (increased risk of 
adhesions). 


ANESTHESIA 


Suprapubic catheterization is a painful procedure without 
proper anesthesia. All patients should receive anesthetics 
(local or general) with or without sedation. 


EQUIPMENT (FIG. 106. 1) 


e Sterile gloves 

e Antiseptic solution, e.g. Povidone iodine 

e Gauze squares, 4 x 4 

e Sterile drapes 

e Anesthetic solution without epinephrine (1% bupiva- 
caine/2% xylocaine) 

e Syringe, 10 mL x 2 

e Needles, 18 and 25 gauge 


Suprapubic Urinary Bladder 


Catheterization 


SM Mahbub Alam, AKM Zamanul Islam Bhuiyan 


Fig. 106.1: The commercial suprapubic system is a simple, quick 
and effective method of suprapubic bladder drainage. Compatible 
components are conveniently provided in a sterile, disposable tray 
facilitating easy preparation of a sterile site 


e Scalpel blade, No. 11 

e Syringe, 60 mL 

e Percutaneous suprapubic catheter set (Pediatric: 8F, 
10F; Adult: 12F, 14, 16F) 
— Needle obturator 
— Foley’s or Malecot catheter 
— Connecting tube 

e Sterile urinometer or urine leg bag 

e Drain sponges 

e Skin tape or nylon suture (3-0) 

e Small unit cutting surgical set. 
The kit may include: 

e 1x add-a-cath suprapubic® introducer 

e 1 x 100% Silicone suprapubic catheter with integral 
balloon and radiopaque strip 
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e 1xscalpel 
e 1x5mLsyringe 
e 4x gauze swab. 


POSITIONING 


Place the patient supine legs spread apart. 


TECHNIQUE 


Adequate counseling and informed consent from the 
patient or guardian is essential. Adequate parenteral 
analgesia with or without sedation should be ensured. 
Lower abdominal wall should be cleaned with soap 
and warm water and shaving is performed without any 
injury to the skin after the anesthesia. The distended 
bladder is palpated and the insertion site is marked at 
the midline 4-5 cm above the pubic symphysis. Routine 
use of ultrasonography during the procedure to verify the 
bladder location and to ensure that no loops of bowel are 
present between the abdominal wall and the bladder is 
highly recommended. 

Painting of the skin from the pubis to the umbilicus is 
done with betadine and the area is allowed to dry. Sterile 
drapes are applied and the insertion site is confirmed by 
palpating the anatomic landmark or with ultrasound. A 
10 mL syringe containing 2% lignocane with a 25 gauze 
needle inserted through the skin, subcutaneous tissue, 
rectus sheath, and retropubic space, while alternating 
injection and aspiration, until urine enters the syringe. 
Note the direction and depth required to enter the bladder. 

Various devices need different techniques which are 
displayed in the pack of the device. If a bardia type of 
suprapubic urinary diversion set is used, the trocar with 
its cannula is advanced down towards the anus through 
a 5 mm small incision 3 cm above the pubic symphysis 
to puncture the full bladder. A Stamey’s percutaneous 
malecot suprapubic catheter mounted over the needle can 
also be used for this purpose (Fig. 106.2). 

The trocar with the obturator is advanced deep in to the 
soft tissue through the small incision towards the bladder 
20-30 degree angle from true vertical toward the patient’s 
legs. Once the device enters the distended bladder, it is 
further advanced 3-4 additional centimeters into the 
bladder. At this stage the self retaining catheter (Foley’s 
catheter) is introduced through the obturator. Advance 
the catheter approximately 5 additional centimeters over 
the obturator. The obturator is removed, now leaving the 
catheter in place. Connect the extension tubing to the 
catheter and connect the tubing to a urinometer or to leg 
bag (Figs 106.3 and 106.4). 


Fig. 106.2: Stamey percutaneous malecot suprapubic catheter 
mounted over the needle 


Dressings are applied around the catheter at the 
insertion site. Tape the catheter to the skin or stitch the 
catheter to the skin. All patients who undergo suprapubic 
tube placement should be referred to a urology center for 
correction of the underlying disease as well as routine 
cystostomy tube care. 

Do not change a newly inserted catheter for at least 
three weeks; this allows the catheter tract to become 
established. Subsequently inserted tubes should be 
changed at least once a month to decrease infections. 
The absence of an easily palpable or ultrasonographically 
localized distended urinary bladder is an absolute 
contraindication to suprapubic catheterization. 

If the bladder is not distended then a dose of diuretics 
may be helpful to fill the bladder spontaneously, otherwise 
aneedle can be inserted in to the bladder under ultrasound 
guide then the bladder can be filled gradually through 
the needle until it become suitable. In this situation, a 
guide wire may be placed through the needle by using the 
Seldinger technique; an appropriate drain tube may be 
secured in to the bladder over the guidewire. 


COMPLICATIONS 


Hematuria is typically a transient condition that is 
common after the placement of a suprapubic tube. All 
patients should be observed in the emergency department 
for 2-3 hours for post obstruction diuresis and hematuria. 
In presence of significant bleeding, or diuresis the patients 
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Fig. 106.3: Suprapubic placement of needle through which a guidewire may be placed and over the guidewire a suprapubic catheter 
may be easily inserted 


Fig. 106.4: Correct placement of suprapubic catheter 


should be admitted to the hospital for intravenous 
fluid administration and monitoring or correction of 
electrolytes. 

Obstruction of the catheters may be managed by 
simple irrigation with normal saline. When displacement 
or malposition of the catheter is suspected, cystography 
should be performed. The bowel perforation and intra- 
abdominal visceral injuries are possible and every effort 


should be made to ensure the bladder position with 
palpation and ultrasonography to prevent or minimize the 
chance of these complications.” 


OPEN SUPRAPUBIC CYSTOSTOMY 


Anesthesia 
Local anesthesia or general anesthesia. 


Indications 


e Percutaneous suprapubic catheterization (SPC) is not 
possible or failed 

e Rupture of the bladder 

e Asa step in urethroplasty. 


Contraindications 


Suprapubic cystotomy is contraindicated in patient with 
known transitional cell carcinoma bladder.” 


Method 


A midline vertical suprapubic incision is usually a 5 cm 
incision is adequate unless the patient is obese. Skin and 
soft tissue and the linea alba is divided, and the rectus 
muscles are retracted. The peritoneum is dissected and 
pushed upwards to expose the anterior surface of his 
bladder (Fig. 106.5). 
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Fig. 106.5: Diagram showing the line of incision 


Fig. 106.6: Suprapubic cystostomy stay suture in place 


The bladder is recognized by its characteristic pale 
appearance with some tortuous blood vessels. The 
aspiration of urine with a small syringe will confirm the 
bladder and the specimen may be sent for the culture if 
indicated. At this stage stay sutures on the anterior surface 
of the bladder may be inserted to facilitate the correct 
insertion of the suprapubic catheter (Figs 106.6 to 106.8).” 

The main bladder incision is closed with 2 layers of 3/0 
absorbable sutures with the catheter emerging through 


Fig. 106.7: Bladder is opened up by a small incision between the 
stay sutures 


Fig. 106.8: Catheter is placed and secured with a purse-string suture 


a long, oblique track. The suprapubic catheter may be 
placed and helps in further manipulation if required.’ 

The catheter may be changed in every 3-4 weeks. A track 
is established by the first 10 or 14 days, which may help the 
replacement of the catheter. Replacement of catheter may 
be difficult before the formation of the tract. Phosphates 
encrustation and stone formation may be a complication 
ifthe catheter is not replaced in time. High fluid intake and 
acidifying the urine will minimize encrustation.® 
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Cystoscopy may be defined as examination of the urinary 
bladder via the urethra with an endoscopic equipment or 
cystoscope. Cystoscopy is usually carried out with local 
anesthesia or general anesthesia. 

Two main types of cystoscopes are commonly used: 
(1) the flexible cystoscope (Fig. 107.1) and; (2) rigid 
cystoscope. The flexible cystoscopy is carried out using 
local anesthesia on both sexes. Normally, 2% lidocaine/ 
xylocaine gel is used as an anesthetic, instilled in the 
urethra. The rigid cystoscopy can be performed under the 
same conditions, but is generally carried out under general 
anesthesia, particularly in female and male subjects, due 
to the pain caused by the probe. 


INDICATIONS OF CYSTOSCOPY 


Cystoscopy may be recommended for diagnostic reasons 
and performing some intervention in any of the following 
conditions: 

e Frequent urinary tract infections 

e Blood in the urine (hematuria) 


Cystoscopy 


e Loss of bladder control (incontinence) or overactive 
bladder 

e Unusual cells found in urine sample 

e Need for a bladder catheter 

e Painful urination, chronic pelvic pain, or interstitial 
cystitis 

e Urinary blockage such as from prostate enlargement, 
stricture, or narrowing of the urinary tract 

e Stone in the urinary tract 

e Unusual growth, polyp, tumor or cancer. 


STERILIZATION OF CYSTOSCOPE 


Most rigid cystoscope available today is autoclavable. It 
may be convenient to immerse the flexible cystoscope 
in glutaraldehyde solution (‘Cidex; Ethicon, 2.5) or 1% 
chlorhexidine, or 1/1,000 mercury oxycyanide, or 1/80 
phenol. Ten minutes immersion will kill all bacteria 
capable of infecting the bladder. Rinse it in sterile water, 
and place it on a sterile towel. Sterilize a spare bulb at the 
same time. After use, rinse it in water, and dry it with swabs 
soaked in spirit. If it is boilable, and you decide to boil it, 
immerse it in its perforated metal box in boiling water for 
10 minutes. Then leave it in a sterile towel to cool. 


Flexible Cystoscopy 


Mostflexible cystoscopy was performed on men. The female 
urethra being shorter and less curved, rigid cystoscopy is 
usually preferred. The most flexible cystoscopes have flat 
tips that can be difficult and painful for passage through 
the female urethra. Current models of flexible scopes use 
digital chip imaging technology that gives a view superior 
to that of even the best rod lens systems, so the entire 
bladder can be visualized in seconds. Thumb-operated 
control allows the tip of the scope to be placed into any 
number of degrees of deflection (Figs 107.2 and 107.3).! 
Current models of urological endoscopic tower include 
equipment involving light source, processor, photo printer 
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Fig. 107.2: Tip of the flexible cystoscope 


Fig. 107.3: Flexible cystoscopy in a female 


and digital capture functions and the monitor. The system 
allows the findings to be recorded digitally, in an analog 
printout, or as video footage. 

Cystoscopy should always be performed using 
video monitors for several reasons. Most importantly, 
minimizing exposure to urine, it enhances safety for the 
surgeon and staff. Second, photographs or video images 
can be documented. This is helpful in surveillance, 
allowing comparison of changes that may happen with 
time. Educating and imparting training to the students 
and residents and sharing the images or video clips 
with the fellow friends in classrooms or in conferences 
become easier. 


Fig. 107.4: Position of cystoscopy on urology table 


The urethra is anesthetized with the help ofintraurethral 
installation of 10 mL 2% lignocaine gel 5 minutes prior to 
cystoscopy. After the insertion of the tip of the flexible 
cystoscope it is gradually advanced towards the bladder. 

When the cystoscope is passed through the sphincter, 
the scope is directed upwards (ventrally) in order to pass 
through the prostatic urethra. When the scope reaches the 
prostatic urethra, it should sit just inside the bladder neck 
in order to visualize the dome. 

Cystoscope should be held in neutral position with 
respect to the patient’s midline as this helps to prevent 
the trauma and bleeding. It also allows the surgeon to 
rotate the handle so that the left and right walls are easily 
visualized (Fig. 107.4). 

The thumb control allows to move the tip in almost all 
directions. As a result, the scope can visualize the entire 
bladder without changing the position of the surgeon. 
Starting to inspect the ureteric orifices the wall of bladder 
is inspected. The thumb controlled deflection of up-down 
allows it to visualize anterior wall similarly. It may be 
helpful to scan the bladder by tracing the scope tip like 
the letter H. As the tip goes through that motion, the entire 
dome and lateral walls will be visible. 

While looking back at the bladder neck, its tip can trace 
another letter H in order to visualize the floor. If performed 
in systematic fashion, this completely shows the bladder in 
seconds. The scope can advance towards areas of interest 
as needed. The inset shows the view of the scope looking 
back at itself as it exits the bladder neck. 

Alternatively, some urologists prefer the multiple-pass 
approach with either rigid or flexible cystoscopy—most 
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likely the latter. This was necessary when endoscopic 
equipment lacked the acuity and magnification of today’s 
scopes. The scope is passed, beginning at the bladder neck 
and advancing up the wall at multiple locations (perhaps 
12, corresponding to the hours on a clock face). We find 
these multiple passes to offer a less reliable systematic 
view and to increase the chance of pain or bleeding from 
trauma to the bladder neck.' 


Rigid Cystoscopy 


Rigid cystoscopy is a simple procedure to visualize 
the lower urinary tract. An appropriate anesthesia is 
required prior to the procedure. Most appropriate cases 
are evaluation of the bladder cancer cases. A general or 
a spinal anesthesia is more preferred over the surface 
anesthesia particularly in the evaluation of the bladder 
cancer patients (Fig. 107.5). 

Rigid cystoscope is now primarily used for women 
and in men for cystoscopic evaluation of follow-up cases 
of bladder cancer which may best be carried out under 
general anesthesia (Fig. 107.6). Almost all rigid scopes 
(newer one-piece scopes being the primary exceptions) 
are comprised of three parts: 

1. Alens 
2. A sheath 
3. A bridge to connect the other two parts. 


Fig. 107.5: Rigid cystoscope 
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Fig. 107.6: Male bladder 


Rod lens systems come in multiple configurations, 
allowing visualization of fields oriented away from the 
lens. 0° lens looks directly away from the eyepiece (it has 0° 
of deflection from the shaft). This is useful sometimes for 
urethroscopy, buta 12° or 30° lensis more useful by allowing 
visualization in front of the lens, but with more angles of 
freedom if turned and are most commonly used. They are 
used for working with any instruments, including biopsy 
forceps, bugbee electrodes, retrograde catheters, and so 
on. A 70° lens allows visualization almost perpendicular to 
its axis, offering maximal degrees of freedom and the most 
complete look at the bladder. For the common urological 
procedures the 30° lens is for working, but the 0° and 70° 
lens is for complete visualization (Fig. 107.7).! 

The cystoscope may be placed in the bladder with 
an obturator in place in female or male patient under 
appropriate anesthesia. When it approaches the bladder 
neck, dropping the cystoscope down, allows its tip to 
point up (rostrally) and go over the lip of the bladder 
neck atraumatically. When the scope is in the bladder, 
it is placed gently against the posterior wall above the 
trigone. At this stage, the obturator can be removed and 
replaced with the lens that has been placed through a 
bridge without allowing urine to escape. 

During cystoscopy, the obturator is used only in 
women. In men, the cystoscope is performed under 
direct visualization.' 

With the gentle rotation of the cystoscope it moves 
around the bladder circumferentially, its arc resembles 
a cone. In this case, the tip of this imaginary cone is the 
urethra and bladder neck, whereas the broad base of 
this cone is the eyepiece. Nondominant hand of the 
surgeon keeps camera orientation upright at all times and 


Fig. 107.7: Cystoscopic biopsy 
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ideally never leaves the camera head during this arcing 
maneuver (Fig. 107.8). 


CHROMOCYSTOSCOPY 


Chromocystoscopy is a diagnostic method of separately 
determining the functional state of each kidney and of the 
upper urinary tract by means of a dye. After the blue dye, 
indigo carmine is injected intravenously or intramuscularly 
(2-3 mL of a 0.4% solution), its excretion from the ureteral 
orifices is observed. The dye is normally excreted from 
the orifices of both ureters 3-6 minutes after intravenous 
injection and 10-15 minutes after intramuscular injection. 


Fig. 107.8: High-definition 3-chip camera for rigid or flexible 
cystoscope 


Delayed or slow excretion of the dye is indicative of renal or 
ureteral disease and is most commonly observed in renal 
colic. Consequently, chromocystoscopy helps distinguish 
this disease from appendicitis, cholecystitis, and other 
diseases marked by symptoms of acute abdomen. 


Photodynamic Cystoscopy for Detection 
of Bladder Tumors 


Current use of a photodynamic fluorescence marker for 
diagnosis of tumors is an intriguing concept to improve 
thoroughness of surgical tumor resection. Surgical 
resection of multifocal bladder tumors and flat lesions as 
carcinoma in situ is known to be difficult, and thus may 
cause recurrence. Results from fluorescence diagnosis 
using Krypton laser light and results with a modified 
incoherent light source constantly showed a 25% increase 
in urothelial tumor detection compared with white light 
endoscopy. Due to the high sensitivity, the photodynamic 
cystoscopy may help to complete the resection and 
thereby decreasing the recurrence rate of transitional cell 
carcinoma of the bladder (Fig. 107.9). 


COMPLICATIONS 


Generally cystoscopy is a safe procedure. Like any surgery, 
there is the risk of infection, bleeding, and complications 
from the anesthesia.” Urethral injury perforation can occur 
anywhere along the urinary tract of the urethra, bladder, 
or ureter. The risk of perforation increases with the 
complexity of the procedure being performed. Endoscopic 
procedures can also create scar tissue which leads to a 


Fig. 107.9: Photodynamic cystoscopy for detection of bladder tumors 
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Figs 107.10A and B: Narrow band imaging view of carcinoma in situ (CIS) of urothelial carcinoma. (A) White light imaging view of CIS; 
(B) Enhanced visualization of CIS with narrow band imaging 


stricture formation. This stricture formation is almost 
exclusive to males and most commonly results from 
urethral manipulation such as resection of the prostate.” 

The patients can sometimes experience pain and 
swelling in the testicles after an extensive procedure. 
The clinical situation may be due to epididymitis, or 
epididymo-orchitis, depending on the portion of the 
testicle involved. 

Some times urinary retention (inability to urinate) 
can occur after cystoscopy which can be managed by 
the placement of a catheter to drain the bladder for a 
temporary period. In some cases the anesthesia can play a 
significant role in the development of urinary retention.* 


NARROW BAND IMAGING (FIGS 107.10A AND B) 


Narrow band imaging (NBI) is a high-resolution 
endoscopic technique that enhances the fine structure of 
the mucosal surface without the use of dyes. NBI is based 
upon the phenomenon that the depth of light penetration 
depends on its wavelength; the longer the wavelength, 
the deeper the penetration. Blue light penetrates only 
superficially, whereas red light penetrates into deeper 
layers. 

The first prototype NBI-system (Olympus Corp, Tokyo, 
Japan) is based upon a light source with sequential 


red-green-and-blue (RGB) illumination. White light 
from a Xenon lamp is passed through a rotary RGB filter 
that separates the white light into the colors red, green, 
and blue, which are used to sequentially illuminate the 
mucosa. The red, green, and blue reflected light is detected 
separately by a monochromatic charged coupled device 
(CCD) placed at the tip of the endoscope, and the three 
images are integrated into a single color image by the 
video processor. 

In addition to the conventional RGB filters for white 
light endoscopy (WLE), the narrow band imaging system 
has special RGB filters of which the band-pass ranges have 
been narrowed and the relative contribution of blue light 
has been increased.” 
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Ureteroscopy is a routine procedure performed by 
urologists for upper tract endoscopic evaluation. It may be 
defined as upper urinary tract endoscopy performed most 
commonly with an endoscope passed through the urethra, 
bladder, and then directly into the upper urinary tract.'” 


HISTORY OF URETEROSCOPE 


The progression from cystoscopy to upper urinary tract 
endoscopy was not easy and achieved after a long struggle. 
Pediatric cystoscopes being used as the first rigid rod-lens 
ureteroscopes performed in a lady. 

First ureteroscope was a 12 F (3 F = 1 mm) was made 
with large rod-lens endoscopes, combined with ultrasonic 
and electrohydraulic lithotripsy probes and became the 
first commonly accepted ureteroscopic equipment used to 
treat distal ureteral calculi. The ureteroscopic treatment of 
calculi and, in particular, distal ureteral stones was the first 
common application of upper urinary tract endoscopy. 

In 1989, the fiber-optic based semi-rigid endoscopes 
were available (averaging 7 F in diameter) for access in to 
distal ureter. The small-rigid ureteroscopes combined with 
both laser and pneumatic lithotriptors are currently used 
to treat distal ureteral calculi.” 

Bagley, Huffman, and Lyon began in the early 1980s 
from University of Chicago, develop an improved flexible 
fiber-optic ureteropyeloscope. The new generation 
of flexible ureteroscopes, offers active deflection, has 
significantly advanced the therapeutic and diagnostic 
efficacy of the flexible ureteroscope, allowing for greater 
access to all aspects of the upper urinary tract. 

Today, the improved version of semi-rigid and flexible 
ureteroscopes average 7.5 F in tip diameter and are 
passed atraumatically into the upper urinary tract without 
intramural dilation and can be used to treat various 
upper urinary tract disorders, including stones, urothelial 
malignancies, stricture disease, and bleeding lesions. 


Ureteroscopy 


SA Khan, Jahangir Kabir, M Hasan Akther 


Semi-rigid ureteroscopes specifications include the 
following: 

e Tip diameter: 4.5-9.5 F (6.9 F most common) 

e Optics: Fiber-optic bundles 

e Working channels: 1, 2 or 3 (2 channels preferred) 

e Accessory length: Average, 40 cm. 


Flexible ureteroscope specifications include the following: 
e Tip diameter: 6.9-9.8 F (7.5 F most common) 

e Optics: Fiber-optic bundles 

e Working channel: Single, 3.6 F 

e Access: Guidewire (0.035 in nitinol) 

e Accessory length: Average, 100 cm. 


Energy sources include the following: 

e Holmium: yttrium-aluminum-garnet (Ho:YAG) laser 
(Figs 108.1 and 108.2) 

e Mechanical energy or pneumatic lithoclast (Fig. 108.3) 

e Ultrasound energy. 


Fig. 108.1: Holmium: yttrium-aluminum-garnet laser machine 
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Fig. 108.2: Application of laser in ureteric stone through flexible 
ureteroscopes 


Fig. 108.3: Swiss lithoclast offer a combined ultrasound and a 
mechanical lithoclast is an excellent tool for the percutaneous 
nephrolithotomy work 


INDICATION OF THE PROCEDURE 


Indications for ureteroscopy have broadened from diagnostic 
endoscopy to various minimally invasive therapies. 

The ureteroscopy is used as a diagnostic tool in 
situations such as investigating abnormal imaging findings, 
assessing obstruction or unilateral essential hematuria, or 
localizing the source of positive urinary cytology results. 

Uses of ureteroscopy have broadened to include 
various minimally invasive therapies. Endoscopic 
lithotripsy (treating stones), treatment of upper urinary 


tract urothelial malignancies, stricture incisions, and 
ureteropelvic junction obstruction repair are all current 
treatments facilitated by contemporary ureteroscopic 
techniques.”* 


WORK-UP 


The coagulation factors like prothrombin time, activated 
partial thromboplastin time, platelet count, urinalysis for 
urine culture, complete blood count (CBC), electrolyte 
levels and serum creatinine and blood urea nitrogen 
(BUN) determination should be performed before the 
procedure. 

The imaging studies should include preoperative 
imaging studies depending on the clinical presentation 
includes the following: renal ultrasonography, intravenous 
urogram (IVU), computed tomography (CT) urogram or 
magnetic resonance imaging (MRI) as and when indicated. 


DIAGNOSTIC URETEROSCOPY 


Today, mostureteroscopic procedures are performed as day 
surgery outpatient procedures. The diagnostic endoscopy 
is performed with the least possible trauma to the upper 
urinary tract. The procedure may involve the visualization 
and access into ureter with or without the assistance of a 
guidewire. Fluid irrigation facilitates passage of a semi- 
rigid ureteroscope (Fig. 108.4). Automatic pumps are 
available for this purpose; hand irrigation is often preferred 
because of the flexibility. A good quality video camera can 
allow a better precised work. 

Safety guidewires straighten the ureter and facilitate 
(1) the dilation of obstructed intramural part of the ureter 
is the narrowest segment and can prohibit endoscope 
passage. The guidewires are often passed into the ureteral 
orifice cystoscopically and are then directed into the 
renal pelvis with fluoroscopic segments with balloon or 
graduated dilators and; (2) the placement of internal stents 
used after many therapeutic procedures. 

Today, the small-diameter semi-rigid ureteroscopes 
are often narrower than 7.5 F in tip diameter, while their 
shaft is straight or graduated and this allows for tip access, 
and, when advanced, the intramural segment may also be 
modestly dilated (i.e. dilation under direct vision). Balloon 
dilator or sheath to facilitate passage of the ureteroscope 
beyond the intramural ureter is recommended when 
repeated access to the ureter is expected or ifthe intramural 
ureter is unusually tight or restrictive. 

While passing the fiber-optic based rigid ureteroscope 
as it continues proximally past the ureteral orifice, it 
then is inhibited by the natural curvature of the ureter 
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Fig. 108.4: Semi-rigid ureteroscopes 


as it crosses the iliac vessels, psoas muscle, and the 
ureteropelvic junction. Guidewire insertion, the pressure 
of the irrigation fluid and the simultaneous fluoroscopy 
will help to overcome the resistance. 

Flexible ureteroscopes are passed into the upper 
urinary tract over a guidewire and through a 12 F or 14 F 
operating ureteric sheath. The flexible ureteroscope is a 
particularly useful instrument for the intrarenal access is 
required and in these cases, active and passive endoscope 
tip deflection is essential to completely inspect the 
calyces. Improved and increased active deflection offered 
by new-generation flexible ureteroscopes significantly 
decreases the need for secondary deflection and enhances 
the surgeon’s ability to inspect all aspects of the renal 
collecting system (Fig. 108.5). 

Turning of the ureteroscopes by 180° may allow easier 
passage of the endoscope in to upper tract. When the 
flexible ureteroscope is passed from calyx to calyx, and, 
frequently, dilute contrast material is injected through 
the working channel of the endoscope to help ensure the 
entire collecting system is inspected.*° 


The use of ureteroscope for the treatment may have diverse 
applications, including the treatment of stones, urothelial 
tumors, and stricture disease. The ureteroscopy is a safe 
and minimally invasive method of treating stone disease 
in the kidneys and ureter. As primary therapy or as salvage 
therapy for residual stones following treatment with other 
modalities such as extracorporeal shockwave lithotripsy, 
the ureteroscopy is frequently required. 

The ureteroscopy has also become a powerful tool 
in the treatment and surveillance of transitional cell 


Fig. 108.5: Flexible ureteroscopes 


tumors of the upper tracts,” especially, bilateral disease 
processes and tumors in solitary kidneys. Moreover, 
the ureteroscopy can be used to treat stenosis that 
develops following ureteral reimplantation and to treat 
ureteropelvic junction stenosis. 

While doing intervention, the energy source, e.g. laser 
(Figs 108.1 to 108.3) is delivered through the working 
channel of the endoscope to fragment, ablate, and/or 
incise the lesion. Accessory instruments like stone basket, 
biopsy forceps and stone cones, etc. can also be passed to 
remove stone fragments or to obtain biopsy samples. Prior 
to such ureteroscopic procedure, the surgeon must have 
the appropriate instrumentation available. This includes 
endoscopes, accessories, appropriate energy sources, and 
fluoroscopy.” =" 
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Fig. 108.6: Ureteric stents 


While doing therapeutic intervention, traditionally, 
two guidewires were required to perform flexible or semi- 
rigid ureteroscopy. Here the first is a safety guidewire, 
while the second is used to facilitate endoscope placement. 
The ureteroscopic access can now be obtained by using 
a wireless ureteroscopy technique in which the ureteral 
orifice is visualized and intubated without the assistance 
of a guidewire and the ureter is traversed in a no-touch 
technique.!*"* 

When a standard stainless steel guidewire is used, 
electrical current may inadvertently arc to the wire during 
cautery use and may cause excessive ureteral coagulation 
with subsequent fibrosis and stricture formation and can 
be prevented by using an insulated guidewire such as a 
teflon-sheathed nitinol guidewire. 

The use of intraluminal ultrasonography has also been 
used in various applications and may offers enhanced 
diagnostic yield in the evaluation of disease processes. 


POSTOPERATIVE CARE 


On completion of the ureteroscopy procedure, the 
placement of internal ureteral stents are commonly done 
to facilitate healing and to ensure drainage, particularly 
if vigorous therapeutic maneuvers were performed. 
But, simple diagnostic ureteroscopy without ureteral 
dilation does not require postoperative ureteral stenting 
(Fig. 108.6). 

The ureteral stents are associated with lower urinary 
tract symptomatology, including urinary frequency, 


urgency, and mild-to-moderate hematuria, which is 
transient. The ureteral stents are removed after a period 
of healing that can range from a few days to 6-8 weeks, 
depending on the complexity of the treatment. Stents are 
usually removed in the office cystoscopically. 

The patients are usually discharged next day and are 
given oral quinolone-based antibiotics and analgesics. Use 
of anticholinergic medications and alpha-blockers may 
be used to minimize frequency, urgency, and discomfort 
often associated with ureteral stents; however, individual 
patient tolerance widely varies. Care should be taken for 
selection of the best stent length and optimal positioning 
help to minimize these unpleasant symptoms.” 


COMPLICATIONS OF URETEROSCOPY 


The complications of ureteroscopy may include trauma to 
tissues leading to ureteric wall perforations, avulsions, or 
foreign body (e.g. stone) migration into the ureteral wall. 
Fortunately, the major complication rate has markedly 
decreased (now occurring in approximately 1% of all 
ureteroscopic procedures). When it happens, and if left 
untreated or if addressed incorrectly, can progress to more 
serious conditions. 

Ureteral wall perforations can be due to improper 
application of a semi-rigid ureteroscope. Forceful 
positioning of a semi-rigid ureteroscope above the iliac 
vessels, particularly in young male patients, is associated 
with a significant risk of ureteral wall trauma unless the 
collecting system is hydronephrotic or has been stented 
prior to endoscopy. 

Sometimes, the ureteral wall tears may lead to stone 
migration through the tear and subsequently, this may 
result in the formation of a stone granuloma or ureteral 
wall stricture. Moreover, large tears can lead to ureteral 
avulsion if the offending maneuver is repeated at the 
same sitting. Undue and excessive tension on the ureter 
then leads to an avulsion with disastrous complications 
that could have been prevented. The guideline is such 
that when a minor problem is encountered during 
ureteroscopy, taking appropriate measures to prevent 
progression is essential. Surgeons should anticipate such 
possible difficulties and allow themselves additional 
options. When all fails, leave a stent and return another 
day with a better plan or consider an alternative technique 
such as percutaneous access or extracorporeal shockwave 
lithotripsy.” 

Unfortunately, if ureteral avulsion develops in the 
distal segment, repair is based on the standard open 
surgical techniques of ureteral reimplantation. The 
ureteroneocystostomy can be performed for most distal 
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ureteral avulsions, with a psoas bladder hitch used, if 
necessary, to create a tension-free anastomosis. Boari 
bladder wall flap can increase the proximal extent of the 
repair to the middle third of the ureter and these repairs 
are usually performed over a ureteral catheter with 
perianastomotic drainage (Fig. 108.7). 

More proximal ureteral avulsions require the most 
complex surgical repairs as in this setting, most of the 
ureter is often devitalized and subsequent treatment 
is based on either bowel interposition (i.e. ileal ureter) 
or renal autotransplantation to a pelvic position. 
Interposition of appendix on right side is an excellent 
choice. All these procedures are highly complex and have 
their own inherent risks, so the patient must be counseled 
appropriately.”® 


Fig. 108.7: Nephrostogram of a patient who had 
ureteric avulsion 
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Hemodialysis requires access to blood vessels capable 
of providing rapid extracorporeal blood flow. Acute 
hemodialysis access should be easy to insert, available for 
immediate use, and trouble-free in the short-term. 

Three currently available devices best meet these 
criteria: 
e Double-lumen dialysis catheters 
e Quinton-Scribner shunts 
e Silastic, cuffed, tunneled dialysis catheters. 


Double-lumen Hemodialysis Catheter 


Double-lumen hemodialysis catheters have become 
the preferred method for obtaining acute hemodialysis 
vascular access.’? They are available from many 
manufacturers and are composed of many different 
plastics. The current polymers are rigid at room 
temperature to facilitate insertion but soften at body 
temperature to minimize vessel trauma and blood vessel 
laceration. The proximal and distal lumens should be 
separated by at least 2 cm to minimize recirculation. The 
continuous blood path made possible by the dual lumen 
design allows rapid blood flows and the use ofa no heparin 
hemodialysis technique (Fig. 109.1). 

The double lumen catheters can be inserted into the 
jugular, subclavian, and femoral veins.” They are inserted 
by a modified Seldinger guide wire technique, thereby 
minimizing the insertion-induced hole in the blood vessel 
wall. These noncuffed catheters are suitable for insertion 
at the bedside. The dialysis outcomes quality initiative 
guidelines, recommend obtaining a chest X-ray after 
internal jugular or subclavian vein insertion to identify any 
potential complications prior to either anticoagulation or 
catheter use.’ In general, subclavian insertion sites should 
be avoided because of the risk of subclavian vein stenosis 
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Fig. 109.1: Double-lumen hemodialysis catheters 


and thrombosis. The maximum blood flow with this class 
of catheters is usually 300 mL/minute. Short femoral 
catheters (9-13 cm) have higher recirculation rates than 
longer femoral catheters. 


Quinton-Scribner Shunts 


Scribner shunts (external plastic arteriovenous fistulas) 
have enjoyed a substantial rebirth for acute vascular 
access, because they can also be used for continuous 
arteriovenous hemodialysis (CAVHD).*** There 
drawbacks include: the need for surgical insertion; a high 
infection and dislodgement rate; and loss of potential 
future fistula access site. Thus, other access catheters 
are preferred unless access for both hemodialysis and 
CAVHD is needed (Fig. 109.2). 
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Fig. 109.2: Scribner shunts 


Silastic, Cuffed, Tunneled Dialysis Catheters 


Double lumen silastic/silicone catheters with felt cuffs 
(Permcath, Quinton Instrument Company, Seattle, 
Washington; Vas Cath, Bard, Salt Lake City, Utah; 
and others), and two single lumen “Tesio™” catheters 
(Medcomp, Harleyville, PA) are primarily used for 
intermediate duration vascular access.” These central 
venous catheters can be inserted into the subclavian, 
internal jugular, or external jugular position, and can 
be used for 6 months and longer because of a decreased 
incidence of infection.** The major disadvantage is that 
fluoroscopy is typically required during insertion and 
some catheters must be inserted surgically. 

These catheters are principally constructed of silastic/ 
silicone, which is less thrombogenic than polyethylene. 
Because silastic is very flexible, a peel-away sheath and 
a larger hole in the vessel are required for insertion. 
Successful techniques for percutaneous, nonsurgical 
insertion of these tunneled cuffed catheters, including 
internal jugular insertions, have recently been described." 
When one of the double-lumen catheters has its ports 
reversed, both blood flow and the recirculation rate 
increase (17.5% at a blood flow of 300 mL/minute, 20.7% 
at 400 mL/minute). 


Tesio® Catheter 


The Tesio® catheter is another recent advancement in 
catheter design meant to provide the higher blood flows 
required for high efficiency dialysis. In this procedure, 
twin 10-French silicone rubber catheters are placed 
(generally in the internal jugular position) in the same 


Fig. 109.3: Bio-Flex™ Tesio® catheter 


vessel. The catheter which serves as the venous or 
blood return port is inserted 4 cm deeper to prevent 
recirculation (Fig. 109.3). 

In our experience, more than 90% of these catheters 
are able to achieve blood flows in excess of 400 mL/ 
minute at least at the time of initial insertion. Others have 
reported similar findings. One series of 75 patients with 
82 Tesio” catheters reported a mean blood pump flow 
rate of 400 mL/minute with an average recirculation of 
approximately 5%.* 


Catheter Survival 


The overall survival of these catheters is highly variable. A 
recent report found a 74% 1-year and a 43% 2-year catheter 
survival.” We found a 50% 1-year patency rate when used 
as permanent access.* Almost all catheter losses were due 
to bacteremia.* 


Complications with Acute, Double-lumen Catheters 


There are a variety of complications associated with the 
double-lumen catheters, including those associated with 
insertion, infection and thrombosis. 

Insertion complications: The severity and likelihood 
of insertion complications varies with the site of insertion. 
The complication rate is lowest in the femoral position, 
and complications when they occur tend to be minor. 
The primary problem is perforation of the femoral artery. 
Bleeding usually resolves with 10-15 minutes of direct 
digital compression. Large femoral or retroperitoneal 
hematomas occur occasionally and usually result from 
penetration of both walls of the femoral vein.‘ 
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Subclavian insertion complications are potentially 
more serious. 

Over insertion of guide wires can occasionally lead to 
transient atrial or even ventricular arrhythmias. The vast 
majority of these are transient and hemodynamically 
insignificant.’ 

Penetration or cannulation of the subclavian artery 
can lead to hemothorax, in some cases requiring a 
thoracostomy tube. Cases of pericardial rupture and 
tamponade also have been described.** 

The incidence of pneumothorax varies from less than 
1% to more than 10% of insertions, reflecting the skill and 
experience of the physician. The risk of pneumothorax is 
greater from the left than right side, since the pleura and 
dome of the lung are higher on the left.® 

Catheter thrombosis: To prevent thrombus formation, 
both lumens of the double lumen catheter are instilled 
with heparin following hemodialysis. The amount injected 
should only fill the catheter lumen to minimize systemic 
heparinization. The length of the catheters determines 
the appropriate heparin dose. Heparin of either 1 mL = 
1,000 units, 1 mL= 5,000 units, or 1 mL = 10,000 units can 
be used. In our experience, the two higher doses are much 
more effective in preventing catheter thrombosis. 

There is anecdotal evidence suggesting that chronic 
anticoagulation with warfarin or low molecular weight 
heparin may also prevent catheter thrombus, due to 
either intraluminal clot or fibrin sheath formation.” Well- 
controlled trials investigating the effectiveness of partial or 
systemic anticoagulation are currently underway. 

Limited data also suggest that the instillation of 
recombinant tissue-type plasminogen activator (rtPA), 
rather than heparin, may improve catheter blood flow 
and decrease the incidence of catheter clotting. In a 
prospective, randomized, crossover study of 12 patients, 
the administration ofrtPA (2 mg injected into each lumen) 
was associated with significantly higher blood flow rates 
and better arterial and venous pressures compared with 
heparin.’ In addition, no episode of clotting occurred 
with rtPA, while 20% of patients experienced clotting 
with heparin. 


Central Vein Thrombosis and Stenosis 


Most central venous stenoses are initially asymptomatic. 
Symptoms, which consist of edema and raised venous 
dialysis pressures, primarily occur after a peripheral 
access has been created in the ipsilateral arm.* In this 
setting, the high flow through the access exceeds the rate 
at which blood can flow at normal pressure across the 
stenotic lesion. 


Central venous thrombosis, if detected early, responds 
well to directly applied thrombolytic therapy? or to 
percutaneous transluminal angioplasty when the fibrotic 
stenosis can be crossed with a guide wire. Highly elastic 
lesions that recur following angioplasty can be treated 
with metallic wall stents. 


PREVENTION OF COMPLICATIONS 


Prevention principally involves strict adherence to proper 
placement technique (including the use of maximal barrier 
precautions), and optimal exit site care and management 
of the catheter within the hemodialysis facility.” After 
placement, the direct application of mupirocin ointment 
(an antibiotic with high antistaphylococcal activity) to the 
insertion site may significantly decrease the incidence of 
local and/or systemic Staphylococcus aureus infection." 
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Biopsy of the prostate is the final court of appeal for the 
confirmation of the carcinoma of prostate. The transrectal 
ultrasound (TRUS) guided prostate biopsy has become a 
popular method of investigation of patients with clinical 
suspicion of prostatic cancer (Fig. 110.1). The indication 
of prostatic biopsy has been increasing, as a result of the 
increase in life expectancy, better diagnostic methods and 
public health campaigns intensification.! 

The current role of TRUS guided prostate biopsy is to 
provide visual guidance for biopsy of the prostate gland. 
It is generally agreed that TRUS guided prostate needle 
biopsy should be performed in men with an abnormal 
digital rectal examination (DRE), an elevated prostate- 
specific antigen (PSA) (> 4.0 ng/mL) or PSA velocity (rate 
of PSA change) more than 0.4-0.75 ng/mL/year. 

For the men, who were diagnosed with high-grade 
prostatic intraepithelial neoplasia (PIN) or atypia on a 
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Fig. 110.1: Principle of transrectal ultrasound guided biopsy 


Transrectal Ultrasound 
Guided Prostate Biopsy 


previous prostate needle biopsy should undergo a repeat 
biopsy 3-12 months later. It may also be recommended 
in age-specific PSA elevation, low percentage free PSA (< 
22-25%), and prostate specific antigen density (PSAD) 
more than 0.15, which is a measure of the amount of PSA 
relative to the overall prostatic volume (PSA- prostate 
volume in cubic centimeters). 

A relative indication for TRUS guided prostate needle 
biopsy includes a palpable abnormality on DRE or a rising 
PSA suggestive of local, rather than distant, recurrence in 
patients previously treated with curative intent for prostate 
cancer (i.e. radical prostatectomy, radiation therapy and 
cryotherapy). 


TECHNIQUES OF TRANSRECTAL ULTRASOUND- 
GUIDED PROSTATE BIOPSY 


A three-day course of an oral fluoroquinolone starting 
before the biopsy is performed may be recommended. 
The patient may be advised to laxative and or a cleansing 
enema prior to the biopsy to eliminate gas and remove 
feces. It is also recommend that aspirin, clopidogrel 
and nonsteroidal anti-inflammatory drugs (NSAIDs) be 
discontinued for five days prior to the scheduled prostate 
needle biopsy. 


Transrectal Ultrasound Procedure 


Patient is positioned in either the right or left lateral 
decubitus position (lying on left side), which allows for 
easier insertion of the rectal probe. Topical anesthetic 
ointment is applied to the index finger prior to performing 
the DRE. A TRUS probe (7.5 MHz transducer) is used for 
transrectal imaging of the prostate and the probe is gently 
advanced into the rectum, to the base of the bladder until 
the seminal vesicles are visualized. 

The transverse images are then obtained as the probe 
is moved back from the prostate base to the prostate apex. 
Using the transducer at the largest cross-sectional image 
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Fig. 110.2: Hypoechoic lesion in prostate on transrectal 
ultrasound 


in the transverse plane and in the midsagittal plane, 
prostate volume can be calculated. A useful ellipsoid 
formula is commonly used to calculate prostate volume: 
(anterior-posterior diameter) x, (transverse diameter) x, 
(superior-inferior diameter) x and []/6 (approximately 
0.52) is accurate and reproducible.!* 


Transrectal Ultrasound Findings 


Ultrasound picture of the prostate cancer typically looks 
like a hypoechoic lesion (dark compared to normal tissue) 
in the peripheral zone (PZ) and this classic hypoechoic 
PZ lesion has a sensitivity of cancer detection of 85.5%, 
specificity of 28.4% and overall accuracy of 43% (Figs 
110.2 and 110.3). It may be noted that the prevalence of 
isoechoic or nearly invisible prostate cancers on TRUS to 
ranges from 25 to 42%. 


Prostate Biopsy Technique 


Usually an 18-gauge biopsy needle loaded in a spring- 
action automatic biopsy device (Fig. 110.4) is used to 
procure multiple 1.5 cm prostate biopsy specimens. Most 
reusable gun uses a disposable biopsy needle. There 
are monopty gun where the gun and the needles are 
disposable (Figs 110.5 and 110.6). If the biopsy is directed 
at a suspicious lesion, it is important for the needle tip to 
be placed precisely at the periphery of the lesion before 
activating the biopsy gun. The biopsy notch may vary from 
1.5 to 2.0 cm depending on the adjustment of the setting 
and will procure the tissue of desired size.*® 


110.3: Transrectal solid 


Fig. 
white arrow depicts hypoechoic lesion, within the peripheral 
zone concerning for prostate cancer. Lower image depicts 
hypervascular area seen with color Doppler imaging, yellow and 
red area corresponds to the hypoechoic area seen on the gray scale 
ultrasonography above 


ultrasonography. Top image, 


Fig. 110.4: Biopsy needle notch for retrieval of tissue 


Local Anesthesia and Prostate Needle Biopsy 


All men underwent prostate biopsy without anesthesia, 
reported some level of discomfort during TRUS-guided 
prostate needle biopsy and 10-25% of patients undergoing 
sextant biopsy may experience moderate to severe pain. 
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Fig. 110.5: Automated prostate biopsy gun 
(The gun is reusable and needles are disposable) 
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Fig. 110.6: Automated prostate biopsy gun 
(The gun and the needle is disposable) 


The pain during a TRUS guided prostate biopsy 
predominantly occurs when the needle penetrates the 
prostatic capsule and stroma, which has a rich supply of 
autonomic nerve fibers. These nerves can be effectively 
blocked by a local injection of 1-2% lidocaine. 

It may be recommended that a topical anesthetic 2% 
lidocaine gel as lubricant at the time of the DRE and the 
prostate gland has been completely imaged (transaxial 
and sagittal planes) and the prostate volume has been 
calculated, 10 mL of 2% lidocaine is injected into the 
prostate gland at the lateral edge of the gland on each 
side from the base to the apex with a fine needle under 
guidance of the image with the same probe. Intraprostatic 
injection of local anesthetics will produce the same effect. 


Strategies to Optimize Prostate Biopsy Templates 


Minimum of prostate samples are six cores (sextant 
biopsy), three from each prostate lobe (apical, middle and 
basal) is the sextant prostate biopsy suggested by Hodge 
1989 (Fig. 110.8). European association of urology (EAU) 
guidelines on prostate cancer recommended at least 10-12 
prostate cores should be taken (Fig. 110.9). 


The prospective studies demonstrated an improved 
sensitivity by increasing the prostate core number. The 
additional sampling should be obtained near the organ 
capsule of the prostate and from the transitional zone 
may detect more clinically insignificant prostate cancers. 
About 80% of prostate cancers are diagnosed with the 
first prostate biopsy, 10% with the second prostate biopsy, 
7% with the third prostate biopsy and 3% with the fourth 
prostate biopsy.® 

The biopsies directed at the prostatic apex have a 
higher detection rate for prostate cancer as this area is 
comprised entirely of PZ. Apical biopsies can also sample 
the distal aspect of the transition zone (TZ). For the reason 
as explained above the popular methods for optimizing 
the number and location prostate needle biopsies are the 
five-region, eight systematic core template and the 10,12, 
20 multisite biopsy protocol. The samples are examined 
under low power setting to determine the grade or 
Gleasons score (Figs 110.7 and 110.9 to 110.11). 


Indications for a Second Biopsy 


Itis important for physicians and patients to understand that 
a prostate biopsy is not a perfect technique and it may miss 
prostate cancer that exists. Usually, these are limited, organ- 
contained cancers. However, on occasion, due to sampling 
error, larger cancers can be missed. The overall cancer 
detection rates for patients undergoing repeat prostate 


Fig. 110.7: Histology. Prostate cancer in the 
core needle biopsy, low power Gleasons score 
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Fig. 110.8: Six cores (sextant biopsy), three from each prostate 
lobe (apical, middle and basal) is the sextant prostate biopsy 
(Hodge 1989) 
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Fig. 110.9: Extended prostate biopsy: localization 
of the cores of prostate biopsy with 12 biopsies 


needle biopsy with various biopsy templates ranges from 
10 to 38%. 

Although, the majority of prostate cancer arises in the 
PZ, approximately 24% of prostate carcinomas originate in 
the TZ. The overall increase in cancer detection using TZ 
biopsies ranges from 0.9 to 4.3%. Therefore, there is little 
data supporting the routine use of TZ biopsies in the initial 
prostate biopsy template. The highest yield in prostate 
cancer detection was in men with persistently elevated 
PSA undergoing repeat prostate needle biopsy. Thus, TZ 
biopsies may be beneficial in this subgroup of patients.*° 
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Fig. 110.11: Cross-sectional view of commonly biopsied zones 
[TZ:Transition zone, Mid PZ: Middle peripheral zone, Lat PZ: 
Lateral peripheral zone, AH: Anterior horn, LH: Lateral horn 


Indications for a repeat prostate biopsy include the 
following: 
e A highly suspicious DRE 
e A persistently rising serum PSA (> 0.4-0.75 ng/ 
mL/year) 
e A low free PSA (certainly < 10%, maybe < 22-25%) 
e Presence of PIN or atypia on prior biopsy. 


COMPLICATIONS 


The TRUS guided prostate needle biopsy is associated with 
few complications and the need for hospitalization ranges 
from 0.4 to 3.4%. Presence of blood in the urine (hematuria) 
is the most common complication and may lasts 3-7 days 
following the biopsy. Bleeding per rectum is complained 
in a few cases. There could be severe bleeding if a larger 
vessel is injured. The best treatment is to visualize the 
bleeding point with the help of the resectoscope inserted 
in the rectum and coagulation of the bleeding point with 
resectoscope (Authors technique). 
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The immediate complications of TRUS-guided prostate 
needle biopsy included a vasovagal episodes (feeling faint) 
(5.3%), rectal bleeding (8.3%) and hematuria (70.8%). Late 
of delayed complications of TRUS guided prostate needle 
biopsy at 3-7 days post-biopsy included dysuria (pain with 
urination) (9.1%), vague pelvic discomfort (13.2%), persistent 
hematuria (47.1%), hematochezia (rectal bleeding) (9.1%) 
and hematospermia (blood in the semen) (9.1%).*>” 


FUTURE GUIDELINES 


Prostate cancer antigen (PCA) 3 is a new gene-based 
urine test for prostate cancer. It measures substances in 
the urine produced by prostate cancer cells. It is a simple 
test to perform which involves a brief DRE followed by a 
collection of urine. It may have some advantages over 
the standard PSA test. It can avoid unnecessary prostate 
biopsies in patients who may have a raised PSA due to 
noncancerous processes (i.e. it is more specific than PSA). 
This is because it is only produced by prostate cancer 
cells and not by increased prostate size. It can provide 
extra reassurance that if you have had a negative prostate 
biopsy, prostate cancer has not been missed by the biopsy. 
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Urethral dilatation is staying as an integral part of 
urological management for bladder outlet obstruction. 
Most common indication of urethral dilatation in the male 
is urethral stricture or bladder neck contracture. It is also 
necessary to dilate the urethra gently before passing the 
endoscope particularly if the urethra is relatively narrow. 
Urethral strictures in females are uncommon and current 
therapeutic options are mostly limited to repeat urethral 
dilatations and internal urethrotomy.' 


PATIENT PREPARATION 


No specific preparation is necessary because the patient 
has already been prepared and draped for surgery. Before 
urethral dilatation is performed in an outpatient setting, 
it is mandatory to ensure sterility and obtain adequate 
local anesthesia, as described previously for urethral 
catheterization. If the patient has a urinary tract infection 
(UTI), it must be treated effectively before this intervention 
(Fig. 111.1). 


TECHNIQUE 


The procedure is accomplished with metal sounds or 
bougies, urethral catheters of increasing size, filiforms and 


Urethral Dilatation 


Fig. 111.1: Urethral dilator (nonmetallic) used for dilatation of 
male urethral strictures and vesical neck contractures. The curved 
design eases placement and reduces trauma. The curve supports 
the natural curvature of the male urethra. The S-curve dilator has 
AQ®, a microthin layer of hydrophilic polymer that attracts and 
holds liquids to the dilator, creating a low-friction, slippery surface. 
Set consists of seven dilators sized 8.0, 10.0, 12.0, 14.0, 16.0, 18.0 
and 20.0 Fr 
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Fig. 111.4: Telescopic filiform bougie 


Fig. 111.5: Urethral dilatation balloon catheter 


followers, if available. Metal sounds with curved tips are 
useful for dilating the male urethra before endoscopy if 
the endoscope is too large to easily pass transurethrally. 
The urethra is generally dilated to 1 Fr size more than 
the endoscopic instrument to be used. Otis urethrotome 
is particularly helpful for calibration of the urethra (Figs 
111.2 to 111.5).!” 
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INTRODUCTION 


The most popular permanent surgical birth control for 
men is vasectomy. The no-scalpel vasectomy (NSV), 
originally developed in China in 1974 and first introduced 
in the United States in 1984, is an innovative approach to 
exposing the vas deferens using two specialized surgical 
instruments and became the most preferred technique of 
vasectomy all over the world.'* 


INDICATIONS 


Vasectomy is indicated for any fully informed man who 
does not want to father any children and who desires an 
inexpensive outpatient method of voluntary permanent 
surgical sterilization. 


Selection of Patient 


Provision of written andinformed consentis of paramount 
importance. Men and their spouses must understand 
that vasectomy should be considered a permanent 
sterilization procedure. Belief that it should be clearly 
understood that, reanastomosis by microsurgery has a 
failure rate and does not provide a good backup plan for 
fathering future children. 


Contraindications 


Contraindications to NSV may include anatomic 
abnormalities, such as the inability to palpate and mobilize 
both vas deferens or large hydroceles or varicoceles, post- 
trauma and scarring of the scrotum and acute local scrotal 
skin infections. 

Extreme care and consideration must be taken with 
patients who are taking anticoagulants or antiplatelet 
medications. Surgical complications, failure rates, alternative 
methods of birth control, and possible chronic postoperative 


Vasectomy: 


No Scalpel Method 


Ahsan Kabir 


pain should also be discussed, and all questions should 
be answered. Emotional instability or equivocal feelings 
about permanent sterilization are contraindications to 
vasectomy. Compliance with postoperative follow-up and 
postprocedure semen analysis is of utmost importance. 


ANESTHESIA 


Lidocaine 1% with or without epinephrine can be used 
to anesthetize the scrotal skin puncture. Use a tuberculin 
syringe with a 0.375-inch fine point needle to raise 
a blanched skin wheal. A bilateral perivasal block is 
accomplished by injecting lidocaine 1% or bupivacaine 
0.25% or 0.5% by tracking a 27-gauge 1.5-inch needle along 
the path of the vas toward the inguinal ring. Optionally, 
many practitioners have the patient take an oral sedative, 
such as 1-2 mg lorazepam, 30 minutes prior to the 
procedure. Attempts to use a topical skin anesthetic agent 
(i.e. eutectic mixture of topical local anesthetic) prior to 
local injection of lidocaine failed to offer any benefit in 
perceived pain as shown by a visual analog scale. 


EQUIPMENT 


Vasectomy Tray 

e Needle, 1.5 inch, 27 gauge, attached to syringe, 1 mL, 
3mLand5 mL 

e Plain lidocaine 2%, total of 10 mL 

e Rubber band to retract penis 

e Towel clips 

e Gauze pack 

e Straight hemostat 

e Fine point iris scissors 

e Allison forceps with teeth 

e Hemoclip applicator and small and medium clips 

e Suture, 4-0 (e.g. polyglycolic acid) 

e Needle driver 

e Vas fixation ring forceps 
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POSITIONING 


The patient is positioned on an examination table in 
a position comfortable enough that he can tolerate 
a procedure that lasts approximately 30 minutes. An 
overhead surgical light is helpful, though some surgeons 
prefer to use a smaller portable head light. Loop the large 
rubber band over the glans of the penis and retract the 
penis upward, away from the operative field. 


TECHNIQUE 


After positioning, the skin is prepared with any number 
of bacterial surgical scrubs; the preferable choice is 
povidone iodine solutions. A small wheal of 1% lidocaine 
with epinephrine should be raised to anesthetize the site 
of instrument application. The subsequent skin blanching 
from the epinephrine allows for easy identification of the 
anesthetized area. 

The vas is then tensed over the middle finger, 
using the three-finger technique, and the vas block is 
accomplished by advancing a 1.5-inch, 27-gauge needle 
through the anesthetized skin wheal along the course of 
the vas and toward the inguinal ring while fixated with 
the three fingers. Administer 2-3 mL of lidocaine 1-2% 
without epinephrine in the perivasal sheath to have the 
spermatic block. 

The open ring clamp is then pushed down at a 90° 
angle over the skin to trap the width of the vas between the 
ring forceps and the underlying surgeon’s finger. The ring 
clamp is then closed and locked in place. 

The ring clamp can then be used to secure the 
exposed vas outside the scrotum (Figs 112.1A to C). The 


sharp forceps can then be used to penetrate the tissue 
between the loop of vas and spread it downward to reveal 
a clean loop. Any bleeders are secured with diathermy 
(Figs 112.2A and B). 

Occlusion of the vas can be performed by 
hemitransecting the vas, threading an electric cautery 
needle 1 cm into the lumen of the vas, and slowly 
withdrawing it while applying current. A full-thickness 
burn injury is not safe because it may recanalize later. 
A progressive burn of the inner lumen of the vas is 
preferred; leaving the outer vas layer intact offers a lower 
rate of failure. 

After cautery, the prostatic vas is then completely 
transected and allowed to retract. The Allison forceps are 
then used to pull the fascia over the end of the prostatic 
vas. Additional to the above, some prefers to ligate the 
vas with 4/0 absorbable or nonabsorbable suture. The 
fascia is then secured with a single medium titanium clip. 
Fascial interpositioning between the cut vas ends further 
reduces recanalization rates and sterilization failures 
(Figs 112.3A and B).** 

The second vas is then brought into position under 
the original puncture hole, again using the three-finger 
technique. After the second vas is positioned and 
secured with the ring forceps under the puncture hole, 
the procedure described above is carried out on the 
second vas. After the second vas is released back into the 
scrotum, the small puncture hole usually contracts to 
only several millimeters and does not require suturing, 
stapling, or other closure. The patient should be in 
rest with dressing and underwear or athletic supporter 
covering the scrotum intermittently for the first 
24 hours.’ 


Figs 112.1A to C: (A) Ring clamp for vas; (B) Rubber band technique; (C) The three-finger technique and perivasal block 
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Figs 112.3A and B: (A) Exposure of the vas; (B) Fascial interposition with hemoclip 


Complications of NSV may include small (1-2 cm) 
hematomas or wound infections can develop. Large 
hematomas are possible from severed perivasal vessels 
leaking into the easily expandability scrotal tissue. These 
hematomas are diagnosed by physical examination and, 
unless they are extremely large, can often be treated with 
ice, rest and expectant management. Because the NSV 
technique involves pushing vessels around the puncture 
site and perivasal fascia rather than cutting them, the 
incidence of hematomas has been reduced. ™?? 

A sperm granuloma may develop. This typically 
occurs during the second or third postoperative week and 
involves up to 25% of patients. This complication should 


be considered if, on examination of the patient, a small, 
palpable, pea-sized nodule is found at the testicular end 
of the transected vas. Once again, nonsteroidal anti- 
inflammatory drugs (NSAIDs) are used to resolve this 
problem, though persistent pain sometimes requires 
surgical removal of the nodule. Development of a 
persistent pain syndrome affects a very small number of 
postvasectomy patients. A 2002 study by Cox, et al. found 
no increased risk of prostate cancer in these patients even 
25 years after the procedure. 


Wy OUL 


Failurerates with vasectomyusingintraluminalcauterization 
and fascial interpositioning as described are approximately 
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1%. Sterility is not instantaneous. Postvasectomy semen 
analysis to assure azoospermia is critical before releasing 
patients to stop using other forms of birth control. Many 
surgeons require that two negative semen samples 4-6 
weeks apart be obtained to determine sterility. A recent 
paper from the Cleveland clinic suggested considering a 
single azoospermic sample at 3 months postprocedure to 
be an adequate determination of sterility.'°"” 
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PRELUDE 


Transurethral resection of the prostate (TURP) and 
bladder neck incision is indicated when prostate gland 
enlargement is causing obstruction to urine flow and 
causing symptoms. The diagnosis is usually straightforward 
and is made by history,' examination, and investigation; 
the cardinal symptoms are poor flow, hesitancy and sense 
of incomplete voiding, although, in fact most patients 
present with the secondary symptoms of urinary frequency 
and nocturia. 


HISTORY 
Symptoms of Urethral Obstruction 


e Poor flow 

e Straining to pass urine 

e Hesitancy 

e Sense of incomplete voiding 

e Postmicturition dribbling 

e Dysuria and urinary tract infection 
e Hematuria. 


Examination 


e Observation of poor urine flow 

e Observation of patient straining to pass urine 
e Distended bladder 

e Distended bladder with urinary incontinence 
e Large prostate felt on rectal examination 

e Acute painful retention. 


Flow Rate 


e Reduced peak flow 
e Prolonged flow 
e Straining pattern. 


Transurethral Resection 
of the Prostate and 
Bladder Neck Incision 


Ultrasound 


e Abdominal/Transrectal 

e Upper tract dilatation 

e Increased bladder mass 

e Large residual urine 

e Diverticula 

e Larger prostatic size 

e Intravesical protrusion of prostate. 


Urodynamics 


e Low urine flow rate, variable bladder capacity 
e High detrusor pressure 

e High pressure profile in prostatic urethra 

e Long flat curve on uroflowmetry. 


Blood Chemistry 


e Elevated urea 
e Elevated creatinine. 


Urine Bacteriology 


Infection. 


DIFFERENTIAL DIAGNOSIS 


The differential diagnosisis shownin Table 113.1. Particular 
care must be taken with the patient who complains of 
frequency and nocturia, but who has a good urine flow 
and no residual urine. These symptoms may arise from 
other causes, such as primary detrusor instability, and if 
there is no obstruction, inappropriate prostatectomy may 
result in incontinence. Younger patients with symptoms of 
obstruction often have bladder neck rather than prostatic 
obstruction, and the simpler procedure of bladder neck 
incision may be sufficient. 
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Table 113.1: Differential diagnosis of lower urinary 
tract symptoms 


Symptoms Diseases 


Poor urine flow Urethral stricture, obstructive benign pros- 


tatic hyperplasia 


Straining Bladder neck obstruction, urethral stricture 


Inadequate emptying Other causes of detrusor failure, e.g. neuro- 


genic bladder 


Frequency/nocturia Any lesion irritating the bladder, e.g. 
infection, stone, bladder neoplasm/car- 
cinoma in situ. Bladder instability, either 
idiopathic or associated with neurogenic 


bladder 


Urinary tract infection, diffuse carcinoma 
in situ of the bladder, stone 


Dysuria (painful 
micturition) 


Transitional cell carcinoma, renal tumors, 
urinary tract stone, urinary tract infection 


Hematuria 


Investigation of Lower Urinary Tract Symptoms 


Fullinvestigations are only necessary ifthere is doubt about 
the diagnosis. The minimum urinary tract investigation 
is a plain X-ray of the abdomen to exclude stones and 
ultrasound examination of the kidneys and ureter to 
detect hydronephrosis, hydroureter and unexpected 
abnormalities such as renal cysts or tumor. Bladder and 
prostate should be examined for any tumor, abnormalities 
of prostate, etc. Renal function should be assessed by 
blood urea and creatinine estimation and the urine should 
be sterile. All patients should have a normal hemoglobin, 
blood count and glycemic status. 


Investigations to Confirm Bladder Outlet 
Obstruction due to Benign Prostatic Hyperplasia 


e Uroflowmetry 

e Post void residual volume, maximum cystometric 
capacity and condition of upper tract 

e Urethrocystoscopy 

e Video urodynamic study. 


Fitness for Anesthesia and the Trauma of Surgery 


Transurethral prostatectomy is one of the most important 
surgical advances and has minimum mortality and 
morbidity compared to open operation. Resection can often 
be undertaken in elderly or ill men who would be unfit for 
an open operation, due to multiple systemic diseases, e.g. 


diabetes mellitus, chronic obstructive pulmonary disease, 
ischemic heart disease, etc. They all should be properly 
evaluated and treated by appropriate persons before 
operation. Unnecessary transfusion should be avoided. 
Intraoperative transfusion usually rarely required during 
or following TURP. 


Preoperative Evaluation for Transurethral 
Resection of the Prostate 


Cardiovascular Status 


Electrocardiogram (ECG), echocardiogram 


Respiratory Status 


X-ray chest, lung function test 


Coagulation Status 


Liver function test, prothrombin time, bleeding time, 
computed tomography 


Renal Status 


Serum creatinine, electrolytes 


Information about the Operation and Counseling 


A booklet containing information may be very useful. 
Postoperative sexual function, and in particular about 
retrograde ejaculation should be explained. Patients given 
adequate preoperative counseling have fewer problems 
postoperatively. An uncomplicated prostatectomy should 
not affect penile erection or sensation. In practice about 
15% cases of TURP patients complain about poor erection. 


Prophylactic Antibiotics 


The regimen in current use is a parenteral dose of a broad- 
spectrum cephalosporin or ciprofloxacin given with 
premedication and then continued parenterally for the first 
48 hours or usually until the catheter is removed. 


Antibiotics Policy for Transurethral Resection 
of the Prostate 


e Broad-spectrum antibiotics for 
organism 


e Tobe continued till the catheter is removed. 


gram-negative 
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BASIC APPLIED ANATOMY FOR BENIGN 
PROSTATIC HYPERPLASIA 


The bulk of the hypertrophied prostatic tissue arises from 
the transitional zone which is around the urethra and 
central zone, lies between the urethra and ejaculatory duct 
and usually the seat of chronic infection. The peripheral 
zones lie behind these areas and usually the cancers 
develop here. The plane between the false capsule and the 
adenoma is used during open enucleation prostatectomy. 
It is not easy to distinguish this plane when viewing 
through the resectoscope, but distinction can easily be 
made between the prostatic tissue and the fibrous prostatic 
capsule and the surgeons recognize the capsule as their 
important landmark. 


Zonal Anatomy of Prostate and Disease Pattern 


e Transition zone—benign prostatic hyperplasia (BPH)? 
e Central zone—prostatitis 
e Peripheral zone—prostatic carcinoma. 

Ifthe prostatic capsule is breached then profuse bleeding 
results from veins of the prostatic plexus and extravasation 
of irrigant may occur. Resection should not be conducted 
distal to the verumontanum for the risk of incontinence. The 
apical tissues should be resected with most careful attention 
to preserve the continence mechanism. Preservation of distal 
1 cm of prostatic urethra may prevent retrograde ejaculation. 


Blood Supply 


The blood supply of the prostate is from the inferior vesical 
and middle rectal branches of the internal iliac artery. 
They supply the prostate by entering at 5,7,11 and 1’o clock 
when viewing with a telescope. Blood vessels supply at 
5’0 clock and 7’o clock are known as arteries of flocks. The 
venous drainage is into the prostatic plexus, a collection of 
thin-walled veins lying outside the fibrous capsule of the 
gland and between the capsule and the prostatic fascia. 
This plexus receives the deep dorsal vein of the penis, has 
communications with the veins of the rectal plexus and 
drains by way of veins across the lateral aspect of the pelvic 
floor into the internal iliac veins. If resection is carried 
through the prostatic capsule, these veins are breached. 


EQUIPMENT, IRRIGATION, DIATHERMY, 
SURGEON'S CHAIR 
Transurethral prostatectomy can be undertaken with 


either a standard or continuous-flow resectoscope 
(Box 113.1). Some urologists prefer clearer vision at the 


Box 113.1: Requirement of transurethral resection of 
the prostate 


expense of loop size using continuous flow. The diathermy 
unit used should have facilities for both coagulation and 
cutting current with option of blend and spray coagulation. 
The surgeon’s chair should be mobile and adjustable in 
height, and the operating table should also be adjustable 
for height by foot switch. The irrigant should be sterile, 
isotonic to prevent hemolysis and nonelectrolytic. The 
most widely used solution meeting these requirements is 
1.5% glycine or 5% dextrose in aqua. 


TECHNIQUE OF TRANSURETHRAL RESECTION 
OF THE PROSTATE 


Position of Patient 


Semi lithotomy position is ideal for TURP. The table 
should be adjustable horizontally and vertically to meet 
the surgeon’s comfort during the resection procedures. 
The table should be adjustable horizontally and vertically 
through foot operating remote switch to meet the surgeon’s 
need during the procedure. 


Urethrocystoscopy 


Before the resectoscope is passed, a urethrocystoscopy 
should be performed. During this preliminary 
examination, particular attention is paid to the caliber 
of the urethra, the presence of urethral stricture, and any 
other bladder pathology. The opportunity is also taken to 
identify the normal anatomical landmarks in the urethra, 
prostate and bladder. 

If an unexpected urethral stricture is encountered, the 
diagnosis of prostatic obstruction should be reconsidered, 
as the stricture could be the only cause of the obstructive 
symptoms. In this situation the stricture should be treated 
with appropriate techniques, and prostatectomy may 
be deferred until after outpatient review of the patient’s 
symptoms or if the prostate is causing obvious obstruction 
the TURP can be done in the same sitting. 
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Bladder tumors, bladder stones or diverticula may be 
seen in rare circumstances. If stones are present, these 
can be removed at the same time as the prostatectomy. 
It is important to perform litholapaxy and to remove 
completely all stone fragments before the prostatic 
resection. Any attempt of litholapaxy after resection is 
extremely traumatic with the risk of perforation of the 
prostatic cavity or the loss of bits of stone in the prostatic 
bed. Large stones are best removed by open cystolithotomy 
and depending on the condition of the patient, the 
transurethral prostatectomy can be performed under the 
same anesthetic or it may be deferred until healing has 
taken place and the symptoms have been reassessed. In 
selected patients with severe obstruction it is appropriate 
to remove the stones and then to perform a prostatectomy. 
Prostatic chips may be lost in a diverticulum and therefore 
the size and site of any diverticula should be noted. 
Particular care must be taken to inspect the interior of any 
diverticula at the end of the procedure. 

Transitional cell cancer of the bladder is sometimes 
encountered unexpectedly. The tumor should be resected 
in the first stage before TURP to minimize the risk of 
implantation of cancer cell in prostatic bed. If the tumor is 
small, it should be completely resected and prostatectomy 
performed under the same anesthesia. Intravesical 
mitomycin therapy is generally indicated following 
resection of bladder tumor particularly if the TURP has to 
be done in the same session. 

The following should be noted: 

e ‘The external urethral sphincter 

e The verumontanum 

e The bladder neck, and 

e ‘The ureteric orifices and interureteric bar. 

These landmarks should be kept in mind as points 
of reference during the rest of the procedure. If visibility 
becomes too poor to keep orientation in relation to 
landmarks then the resection should stop and hemostasis 
should be undertaken, or if this is not possible a more 
experienced colleague should be called for help. 


Urethral Calibration 


It is important to note the urethra before choosing the size 
of resectoscope. If the prostate is greater than 50 gm in 
weight and the urethra is of sufficient caliber, itis preferable 
to use a larger (27 Fr) resectoscope, as the bigger cutting 
loop reduces the time of resection. If, however, the urethral 
caliber is small, 24 Fr or smaller resectoscope should be 
used. An Otis urethrotomy is always advised to calibrate 
the urethra up the desired level (upto 28 Fr is usually 
enough) to prevent TURP related strictures. 


Passing the Resectoscope 


Before an attempt is made to pass the resectoscope the 
surgeon should check that the instrument is correctly 
assembled. The cutting loop should be placed in position 
and connecting cable attached. The assembled instrument 
should then be placed in its sheath and the action should 
be tested to ensure that the cutting loop withdraws fully 
into the sheath. 

The telescope and light source should be checked. 
Most surgeons use the 30° scope, but the 0° or 120° scope 
can also be used. Finally, make sure the irrigation tubing is 
connected and that the correct irrigant, e.g. 1.5% glycine or 
5% Dextrose in aqua or DA is chosen. 

The size of the resectoscope is selected according to 
the caliber of the urethra and the size of the prostate. The 
resectoscope may be passed either with an obturator or, 
preferably, using a visual obturator under direct vision. 
Once the resectoscope has been passed, it should move 
freely in the urethra. If it is gripped then it should be 
removed and Otis urethrotomy performed. 


Initiating Resection 


The resection is started by levering the shaft of the scope 
in the penis to direct the tip and depress the loop into the 
tissue. As the cut continues the leverage is varied to make 
the loop perform a scalloping action. An alternative method 
which is particularly useful for the posterior aspect of each 
lateral lobe is to use a transurethral resection (TUR) drape 
and with a finger in the rectum to push the tissue into the 
cutting zone of the loop. 


Techniques of Cutting Chips 


There are two techniques to cut a chip and both should be 
mastered. The difference is in finishing. Either the chip is 
finished by elevating the beak of the resectoscope to bring 
the loop out of the tissue before the cutting loop enters the 
resectoscope or the cutting loop is taken fully back into the 
resectoscope sheath, which has the effect of cutting off the 
chip against the beak of the instrument. 

The first method enables the surgeon to see exactly 
where the chip finishes, whereas the second method, 
although slightly easier, gives poorer direct visual control 
at the end of the cut. If the second method is used, it is 
important to ensure that the beak of the resectoscope is 
not distal to the verumontanum. These two techniques 
should be practiced during the trainee period well. 
The length of the chip depends on how far out of the 
resectoscope the electrode is placed and also how far 
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the surgeon moves the whole sheath within the urethra 
(extended resection). 

The inexperienced resectionist is well advised to 
master regulation of chip length with the loop electrode 
before trying to extend length by moving the resectoscope 
within the urethra. 

Lateral lobe resection: Once the surgeon is satisfied 
that visibility is clear and is orientated with respect to 
landmarks then lateral lobe resection can commence. 
Resection begins at 1 o'clock (left lobe) or 11 o'clock 
(right lobe) position and proceeds in an orderly fashion 
up and down and then deeper layer by layer, keeping a 
control of anatomical landmark by frequent observation 
of verumontanum during the process of resection. 

Any profuse bleeding should be stopped immediately, 
but all minor bleeding can be left until a deeper layer has 
been resected. The experienced surgeon will recognize 
the change in tissue character as the prostatic capsule is 
approached and will not resect any deeper. As the surgeon 
gains experience the chips increase in size and the end 
result is tidier. 

Once the lateral lobe has been resected, resection 
of the opposite lateral lobe is undertaken in exactly the 
same fashion. Following this resection, a methodical 
inspection is undertaken of all resected areas to ensure 
hemostasis. A general rule is that time necessary for 
proper hemostasis should approximately equal the time 
taken for cutting tissue. 

Tissue in the roof of the prostatic urethra: The pattern 
of enlargement of the benign prostatic varies from patient 
to patient. Sometimes enlargement affects predominantly 
lateral lobes, sometimes middle lobes, and sometimes 
there is bulky tissue at the roof of the prostatic urethra. 
Often the tissue at this site is thin and veins of the prostatic 
plexus can be easily breached. Protruding tissue in the 
roof of the prostatic urethra is best recognized by holding 
the resectoscope straight when the tissue is seen hanging 
down. Often there is little hypertrophy in this area and it 
may not be necessary to resect at all. If there is no tissue, it 
is better to leave a strip of mucosa intact in the 12 o’clock 
position as this reduces the risk of postoperative stricture. 

Resection of median lobe is undertaken at this stage. 
The median lobe can be bisected by starting the resection at 
its middle, but can be removed by resecting from any side. 
The resection is continued up to the capsule of the prostate. 

Resection of apical tissue: The final part of the 
operation is to resect tissue from the apex of the prostate on 
either side, ifthe cutis taken too far distally, the patient will 
be incontinent. This part of the operation requires great 
care because good rule for the inexperienced surgeon is 
not to carry the cuts beyond the level of the veru, although 


this will in some cases result in residual obstructing 
tissue at the apex. The experienced resectionist learns to 
distinguish prostatic tissue from the capsule and can judge 
how far distally to take the resection. 

A variation in technique which can be useful is back- 
cutting. The procedure is exactly the reverse of that 
described above, i.e. the action is worked backwards. 
Some surgeons routinely tackle apical tissue this way. It 
is also important, when resecting apical tissue, to make 
clean cuts and not to prolong the diathermy at the end of 
the cut and the hemostasis should be short and accurate 
to prevent damage to internal sphincter. Once apical tissue 
has been resected the instrument is withdrawn to a point 
just distal to the veru and held straight. In this position an 
inspection is made to see if there is any intruding tissue 
on either side. If it is carefully resected it will show a black 
hole with veru at 6 o'clock. 


Techniques of Prostatectomy 


There are 10 points of technique of prostatectomy which 
are mentioned here: 
1. Position of patients. 
2. Urethroscopy. 
3. Urethral calibration. 
4. Introducing the resectoscope. 
5. Initiating resection at 11 o’clockin right lobe or 10 o'clock 
in left lobe. 
6. Resection of other lobe. 
7. Resection of apical tissue. 
8. Resection of bulky time in the roof of prostatic fossa. 
9. Final trimming and hemostasis. 
Catheterization. 


Final Hemostasis 


When the resection is complete, further systematic 
hemostasis should be undertaken. It is helpful to perform 
final hemostasis in the same order as the resection, i.e. 
first the bladder neck, checking particularly the mucosal 
margins and 5 o’ clock and 7 o’ clock positions. Then each 
lateral lobe is checked paying attention to the 1, 3,5, 7,9 and 
11 o’ clock positions. Finally, a check is made at the apex 
and on either side of the veru. At this stage the returned 
irrigant should be only slightly pinkish. 

A final inspection is made to ensure there are no 
intruding bits of tissue. All remaining chips are washed 
out and if bladder diverticula are present, an inspection is 
made to make sure there are no chips within. Finally, some 
irrigant is run into the bladder, the obturator is replaced, 
and the resectoscope sheath is removed. 
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Catheterization 


A size 20 or 22 three-way Foley’s catheter should be 
passed. It is wise, first to check the integrity of the balloon 
by inflating it with some water. It is helpful to leave 
some irrigant in the bladder before the resectoscope is 
withdrawn as this provides a ready check that the catheter 
is correctly placed. The balloon should be at least 30 mL 
size and completely filled, under-filling of the balloon 
results in the balloon sliding into the prostatic cavity. This 
is undesirable because it holds open the capsule and the 
perforating veins attached to the capsule with increased 
bleeding. A final check that the catheter is correctly sited 
is made by instilling 30 mL of saline through the catheter 
with a bladder syringe and making sure that the same 
amount of fluid can be withdrawn. A light traction of the 
Foley’s catheter will cause adequate hemostasis. 


Problems during Resection 


Problems with Hemostasis 


Excessive bleeding is acommon problem for inexperienced 
urologists. These problems may occur when surgeon 
resects too much tissue with little attention to hemostasis 
at each stage of the procedure particularly in hypertensive 
patients. If resection is too deep and prostatic plexus 
veins are breached, it not only causes bleeding but also 
large volume of irrigant solution is absorbed through the 
prostatic venous plexus leading to TUR syndrome. 


First Step 


If bleeding becomes profuse, resection should be stopped, 
efforts should be made to stop it, the anesthetist should be 
warned, and blood should be ordered. If the resectionist 
is inexperienced, help should be obtained from all senior 
colleagues while resuscitation is under way. 

The following techniques may be of help: 


Next Procedure 


Increasing the flow of irrigant by increasing the height 
may be helpful in order to have a clear vision. Changing 
to continuous-flow resectoscope may help or a suprapubic 
cystostomy with a trocher may improve the vision as the 
flow of irrigation will be more. The electrode may be 
changed to the roller ball type, but it is not as useful as it 
is thought. 


If the bleeding is from a larger or atheromatous artery, 
the lumen may be occluded by pressing with the electrode 
at one side of the artery rather than directly over in an 
attempt to stick the wall together. Venous bleeding may 
be temporarily controlled by a 75 cc trichannel Foley’s 
catheter traction applied over the catheter after inflation 
of the balloon. 

Brisk arterial bleeding may sometime come from a 
source on the opposite side of the area of poorest visibility. 

Applying gentle traction on the bladder neck: Inserting 
a catheter and applying gentle traction on the bladder 
neck. Consider the possibility of an activated fibrinolytic 
system— a simple test is to take a blood sample into a glass 
container to see if it clots and not redissolve; if dissolution 
takes place consider treatment with epsikapron, heparin 
or fibrinogen. If all fails, the open operation to locate and 
to control bleeding will be indicated. 


Exploration of the Bladder Neck 


On exploration of the bladder neck the bleeding points 
may be seen and can be secured without many difficulties. 
If the bleeding points are not seen then Figure of 8 sues at 
5 o'clock and 7 o'clock will control most of the bleeding as 
most of the blood vessel enter and exit through this area 
of prostate. 


Open Procedure 


Still, if the bleeding is difficult to control a soft gauge 
packing of the prostatic urethra around a large bore 
trichannel Foley’s catheter will control all bleeding. The 
pack can be removed after 48 hours safely. 


Problems with cutting: Ifthe resectoscope fails to cut, the 
following should be checked: 


Diathermy Machine and its Connections 


Is the diathermy unit plugged into the mains? Is the 
diathermy unit switched on? Is the diathermy loop broken? 
Is the foot pedal connected to the diathermy machine? Is 
the diathermy plate correctly positioned on the patient 
with no interposition of operation drapes or operation 
gown between the plate and the patient’s skin? Is the lead 
to the diathermy plate intact? Many modern diathermy 
units have a warning device which sounds an alarm or 
inactivates the diathermy unit when the plate or plate lead 
is broken or if there is an escape of current to the earth. 
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Are the leads connected between the diathermy unit and 
the resectoscope? 


Problems with Cutting 

e Check all connection of electrosurgical unit 
e Check irrigating fluid 

e Check resectoscope and loop. 


Irrigant Fluid 


Is the correct irrigant in use? Normal saline will cause 
electrolysis of irrigant without any cutting effect. 


Resectoscope 


Failure to separate the resected chips is usually due to 
failure of cutting loop to retract into the resectoscope 
sheath. This may result due to a technical inability of the 
surgeon or due to erosion of the beak of resectoscope. 


Problems with Poor Visibility 


Poor visibility is a common problem during resection. 
Always clear vision has to be maintained. The following 
should be checked: 


Is the Bladder Full? 


A full bladder will stop the irrigant running and result in 
diminished vision. Drain the bladder or use a continuous 
irrigating resectoscope. 


Is the Light Source Functioning? 


Is the unit switched on? Is the bulb selection level fully 
engaged at the appropriate position? Is the rheostat turned 
up to maximum light? Xenon light source is ideal for the 
urologist’s work. 


Is the Light Cable Faulty? 


If the cable is old, there may be many broken fibers and 
light transmission may be poor. This is recognized by 
light emerging from the side of the cable, usually near the 
joins at each end. Thick light cable transmits more light 
and old telescope with fungus may be changed with a 
new telescope. 


Is the Telescope Clean? 


If the vision is hazy, clean the camera head, and telescope 
with soft gauze. 


Is the Irrigant Flowing? 


A common cause of loss of vision during resection is an 
empty irrigant bag. 


Is the Irrigant Clear? 


Old stock glycine solution can be cloudy, particularly if 
there has been bacterial contamination. 


Is Hemostasis Adequate? 


Inadequate control of bleeding points will not permit 
clear vision. 


Bladder Distension 


Has there been bladder distension? 


The most serious cause of this is bladder perforation with 
loss of fluid into the peritoneal cavity. This is unlikely 
during prostatic resection, but can occur during bladder 
tumor resection. 


Problem with Catheterization 


Sometimes, it becomes difficult to insert a catheter after 
resection of prostate. It is important to withdraw the 
resectoscope leaving 300/400 mL of irrigant. 

Ifithappens a well-lubricated Foley’s catheter mounted 
on Marry field catheter introducer may solve the problem. 

Alternatively, the resectoscope is again fixed into the 
bladder under vision and then the sheath is removed after 
putting a guidewire or ureteric catheter. Now the end of 
the Foley’s catheter is removed and the Foley’s catheter is 
guided into the bladder over the guidewire and appearance 
of water confirm the position of catheter. 


POSTOPERATIVE CARE 


About 20-22 Fr three-way Foley’s catheter is used to irrigate 
the bladder in the postoperative period for 24 or 48 hours 
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depending on the amount of bleeding. Postoperative 
irrigation is best carried out with normal saline, and the 
speed of the irrigation is adjusted depending on the extent 
of the bleeding. Normally, a slow drip rate is sufficient. 
In most cases, fresh bleeding ceases after a few hours, 
irrigation can be stopped at 24 hours, and the catheter can 
be removed at 48 hours. 


Postoperative Care for Transurethral Resection 
of the Prostate 


e Irrigation with normal saline for about 48 hours 
e Control of hydration 

e Avoid constipation 

e Biopsy of chips. 

Elderlymen, whenimmobile often become constipated, 
and this is particularly undesirable after prostatectomy, 
as straining to pass hard feces may cause opening of 
vessels in the prostatic bed and cause bleeding. Adequate 
hydration, mobilization and if necessary, laxatives should 
be undertaken to prevent this complication. 


Antibiotics Protocol for Transurethral Resection 
of the Prostate 


e Broad-spectrum antibiotics 
e Antibiotics to take care of gram-negative organism. 


HISTOLOGY OF TRANSURETHRAL 
RESECTION CHIPS 


The chips should always be sent for pathological 
examination. In most pathology laboratories a selection of 
representative chips is examined. Therefore, if the surgeon 
suspects an area of tissue is abnormal, the chip from that 
area should be immediately recovered and sent separately. 
It is usually possible to hook an individual chip out with 
the resectoscope loop at the end of a cut. It also helps if 
the chips from the middle and lateral lobes and posterior 
apical tissue are sent separately, because if unexpected 
prostate cancer is found the pathologist will be able to 
give a more accurate report of the extent of the tumor. If 
the prostate-specific antigen is raised random systematic 
transrectal ultrasound (TRUS) guided prostate biopsy is 
indicated before TURP. 


IMMEDIATE COMPLICATIONS OF TRANSURETHRAL 
RESECTION OF THE PROSTATE 
The following immediate complications may occur: acute 


blood loss, catheter blockage, clot retention, hemolysis, 
septicemia, and the TUR syndrome (Box 113.2). 


Blood Loss 


An unexpected degree of blood loss may occur if an 
inexperienced resectionist pays too little attention to 
hemostasis at each step or if the resection is too deep and 
veins in the prostatic plexus are opened. In most cases, 
if postoperative heavy hematuria is noted, this can be 
managed by bladder lavage and transfusion. Occasionally, 
bleeding continues and may be life-threatening. In this 
situation, a further endoscopic inspection should be 
made by an experienced surgeon and bleeding areas 
should be diathermized. If this fails, open operation 
should be performed and the bleeding areas located and 
diathermized, ligated or oversewn. 


Blocked Catheter 


Blocked catheter should be cleared by suction and 
flushing using syringe. Blockage is usually by a small 
blood clot which can be cleared in this way, although 
when there is more severe bleeding and the washing of 
catheter with bladder washing syringe is not effective, the 
diagnosis of clot retention may be made. Another cause 
of catheter blockage is prostate chip lodging in the eye 
of the catheter. This should be prevented by washing all 
the chips out at the end of the resection. When catheter 
blockage fails to respond to a washout then the catheter 
should be changed. Changing a catheter soon after a 
TUR, it can be difficult and should be performed by an 
experienced doctor. The use of a Coudé catheter or a 
catheter introducer helps to prevent the tip of the catheter 
undermining the bladder neck. 


Clot Retention (Bladder Tamponade) 


Profuse postoperative bleeding may not be evident, 
if the catheter blocks with clot. Such a patient is often 
restless, complaining of abdominal pain, and may 
have a tachycardia and low blood pressure. Abdominal 
examination will reveal the distended bladder. Clot 


Box 113.2: Immediate complications of transurethral resection of 
the prostate 
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retention after TURP should be taken as emergency. The 
patients and the relatives should be assured while the 
resuscitative measures are on the way. Transfusion should 
be arranged. Patient is taken to the operation theater. An 
experienced anesthetist gives appropriate anesthesia. 
Resectoscope is passed and Ellik’s evacuator evacuates the 
clots. After completion of evacuation the prostatic fossa is 
thoroughly examined. Usually no bleeding point is seen, 
but if found they are secured. Rupture of bladder may 
rarely occur in massive clot retention during evacuation of 
clots (Box 111.3). 


Septicemia 


The routine use of prophylactic antibiotics reduces 
the risk of episodes of septicemia. These may occur 
if prophylactic antibiotics are not given or if there is 
pre-existing unrecognized urinary infection. Septicemia 
may be difficult to distinguish from blood loss, but if the 
patient has a fast pulse with low blood pressure and looks 
ill, and there is no evidence of bleeding then it is the most 
likely diagnosis. 


Transurethral Resection Syndrome 


Transurethral resection syndrome is a clinical condition 
resulted from high influx of irrigating fluid in the system 
from the prostatic bed during TUR of prostate. Variable 
amounts of irrigant are introduced into the body in the 
course of every prostatic TUR. Transurethral resection 
syndrome seldom occurs. But once occurred, should be 
considered as serious clinical situation. 


Presentation 


This clinical condition is characterized by mental 
confusion, bradycardia, high volume pulse, rise in 
central venous pressure and dilutional hyponatremia. 
A symptom of TUR syndrome, which essentially results 
from extracellular hypervolemia and hyponatremia, 
depends on the extent to which different organ systems 
are affected. Especially in the initial stage, hypertonicity 


Box 113.3: Management of clot retention 


may be present. Overloading of the heart results in 
inflow congestion, but pulmonary congestion from left 
ventricular insufficiency can be detected earlier and more 
clearly. Tachycardia, dyspnea and also cyanosis can occur. 
Brain edema usually causes restlessness, convulsions, 
nausea, vomiting, and bradycardia. Hypotension and 
shock can lead to renal failure. 

Symptoms of TUR syndrome during transurethral 
electroresection naturally depends on the anesthetic 
procedure used. 


Mechanism of Transurethral Resection Syndrome 


Factors contributing to TUR syndrome are the time needed 
for resection and the amount of material resected, nature 
of irrigating fluid, height of fluid column, number of 
venous sinuses opened, volume and composition of fluid 
absorbed by the venous system during a certain period 
of time, are decisive pathophysiologic factors. Inflow can 
occur in pulses or continuously at different times, but also 
throughout the whole procedure. The situation becomes 
further aggravated if the cardiac or renal function or both 
is deteriorated. 

After resection to or perforation of the prostatic 
capsule, irrigant that is extravasated into the periprostatic 
or perivesical space is slowly reabsorbed. Apart from 
reappearance of local symptoms, long-term changes occur 
in electrolyte and water balance. 

The pathology of TUR Syndrome is mentioned in 
the Box 113.4. 

During conventional prostatic TUR, a roughly 
estimated mean absorption of about 1,000 mL was found, 
21% of which is intravascular. Thoracic impedance allows 
an approximate determination ofintravascular absorption. 


Investigations of Transurethral Resection Syndrome 


With certain reservations, hemoglobin and hematocrit, 
serum electrolytes, and central venous pressure are suitable 
diagnostic indicators of extracellular hypervolemia. 

As a result of the solutions osmolarity, they chiefly 
affect the extracellular space. In this context it is worth 


Box 113.4: Pathology of transurethral resection syndrome 
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Box 113.5: Investigations for transurethral resection syndrome 


mentioning that the extracellular fluid carries out the 
entire transport of nutrients, minerals, hormones, and 
other substances which are ingested by the body or 
secreted into the bloodstream (Box 113.5). 

Thus, volume changes of the extracellular space affect 
not only the sodium concentration, which is decisive for 
osmotic pressure, but also the concentration of all other 
substances in the extracellular fluid. Increased venous 
inflow is often accompanied by increased blood loss, 
and this should be taken into account during therapeutic 
procedures. Because of differences in osmotic pressures, 
the inflow of nonisotonic irrigant affects the intracellular 
space. Hypertonic solutions cause a transfer of 
intracellular liquid into the extracellular space, whereas 
hypotonic solutions cause the reverse. These comments 
do not take into account electrolyte shifts, which might be 
caused by permeability changes in the cell wall and which 
can also occur with isotonic (iso-osmotic) solutions. The 
factors contributing to TUR syndrome has been discussed 
in Box 113.6. 


Treatment of Transurethral Resection Syndrome 


Furosemide: Therapy of acute TUR syndrome consists 
primarily of an attempt to reduce hypervolemia. Reduction 
is best accomplished with furosemide, a short-acting 
intense loop diuretic that produces rapid dehydration, 
although with increased sodium chloride excretion. 
Increasing water excretion is the most significant method 
of normalizing extracellular fluid concentrations. 
Hyperosmolar sodium chloride: In the case of severe 
hyperhydration, the need to add hyperosmolar sodium 
chloride (and potassium chloride) solutions must be 


Box 113.6: Factors contributing to transurethral 
resection syndrome 


cautiously monitored, since in large amount these 
solutions can cause hyperosmolarity of the extracellular 
space. Moreover, it is possible that this solution, with its 
high chloride concentration, might have an acidifying 
effect. Partial replacement of sodium chloride with sodium 
bicarbonate appears to be logical. 

Potassium chloride solution: Potassium is usually 
replaced with potassium chloride solution, but this must be 
done with care. If considerable blood has been lost during 
TUR, transfusions are indicated. Successful treatment 
of TUR syndrome requires meticulous postoperative 
observation. 


Post-Transurethral Resection of the 
Prostate Hyperoxaluria 


The occasional case of acute renal failure after TUR has 
been attributed to massive oxalate crystalluria caused by 
metabolism of absorbed glycine. This rare complication 
may occur in unduly prolonged resection, especially 
when there is a breach in the prostatic capsule. Preventive 
measures include not using too high a pressure during 
resection, using continuous rather than intermittent-flow 
resectoscopes, and changing to saline as irrigant once the 
operation has finished. 


LATE COMPLICATIONS OF TRANSURETHRAL 
RESECTION OF THE PROSTATE 


Most important late complications of TURP are 
incontinence, stricture, impotence, etc. but overall 
incidences of such complications happen in small number 
of cases (Box 113.7). 


Post-Prostatectomy Incontinence 


Post-prostatectomy incontinence is rare, but occurs in 
about 1% cases. Incontinence may occur if the resection 
has been carried too far distally and has damaged the 
distal urethral continence mechanism. 

More common cause of most prostatectomy 
incontinence is detrusor instability, cystitis and post-TUR 
stricture. The patient should be evaluated properly by 
clinical examination (Box 113.8). 


Box 113.7: Late complications of transurethral resection 
of the prostate 
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Box 113.8: Causes of post-prostatectomy incontinence 


To assess that the patient may have minor 
postmicturition dribble, this may be amplified as 
incontinence. The treatment of minor postmicturition 
dribble is only urethral milking for 4/5 times after 
micturition. 

The patient should be evaluated by urine for culture and 
sensitivity (C/S), urodynamics, retrograde urethrogram 
and cystoscopy (Box 113.9). Ifinfection is found the patient 
should be treated with antibiotics and anticholinergics. If 
there is a stricture the stricture should be divided and the 
patient is motivated to do the self-calibration and should 
be taught to prevent further stricture. If all these tests are 
normal, urodynamics and cystoscopy should be carried 
out. Minor bladder instability can be controlled with 
anticholinergics, e.g. ditropan or tolterodine, but major 
problem demands ileocystoplasty. 

If there is sphincter injury the incontinence is total; 
the bladder is empty and there is continuous dribbling 
of urine. Usually there is no recovery and further 
management is by using an incontinence sheath or an 
indwelling catheter, an operation to increase the urethral 
pressure by displacing the bulbar urethra in between the 
corpora cavernosa (the Hauri operation), or implanting 
an artificial sphincter. If all the option fails the artificial 
sphincter implantation offers the best outcome, but the 
device is expensive and not free from complications of 
which the infection and malfunction is the most common 
problem. Possible outcome should be discussed with the 
patients before the procedure. 


Urethral Stricture and Bladder Neck Stricture 


Stricture most often occurs at the fossa navicularis or 
just distal to the external sphincter at Cobb’s collar 


Box 113.9: Investigation of post-transurethral resection of the 
prostate incontinence 


Box 113.10: Common site of post-transurethral resection of the 
prostate stricture 


(subsphincteric). The patient usually notices a good 
urine flow in postoperative period, but the urine stream 
diminishes again during the first few months. Stricture 
may happen in the bladder neck too (Box 113.10). 

Prevention is better than cure; as such stricture can be 
difficult to manage. Prevention is by using a correct size 
resectoscope, adequate lubrication or Otis urethrotomy 
and finally by gentle handling of the instruments, use of 
good quality catheter during postoperative period. Even 
when these precautions are taken strictures can occur in 
about 1% cases. 


Retention of Urine 


This is a common problem encountered in patient who 
are diabetic and have high PVR. When retention occurs 
in the 1st day or two after the postoperative catheter is 
removed, it is most likely to be because of residual tissue at 
the apex of the prostate. It is important to recognize other 
possibilities, however, as inappropriate second resection 
may lead to incontinence. The two other main causes of 
immediate retention are: bladder atony, for example a 
neuropathic bladder secondary to diabetic autonomic 
neuropathy; or spasm of the external urethral sphincter 
secondary to conditions such as Parkinson’s disease. If 
there is any doubt about the diagnosis, a safe rule is to 
reinsert the catheter and to try again to remove it after a 
few further days of convalescence. When retention occurs 
second time, cystourethroscopy should be performed by 
an experienced surgeon to exclude residual obstructing 
tissue. If it looks as though the original resection was 
complete, urodynamic and urethral pressure profile 
measurement should be undertaken to diagnose the cause 
of the retention (Box 113.11). 

Investigation for post-TURP retention comprises of 
cystoscopy and urodynamic study (Box 113.12). 


Box 113.11: Causes of retention of urine after transurethral 
resection of the prostate 
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Box 113.12: Investigation for post-transurethral resection of the 
prostate retention 


For hyporeflexic or atonic bladder clean intermittent 
catheterization program should be arranged depending 
on the volume of PVR. Post-void residue less than 
100 mL does not require any clean intermittent self- 
catheterization (CISC), but 300 mL of PVR will require 3 
times a day CISC, 400 mL will require 4 times a day and 
as such. The bladder function of most of these patients 
improves with CISC program and can void normally 
within few months (Box 113.13). 


TRANSURETHRAL RESECTION IN CARCINOMA 
OF THE PROSTATE 


Carcinoma of prostate is more common than it is thought. 
Malignant change arises in peripheral prostatic zone. 
There may be concurrent adenomatous hypertrophy, 
and biopsy to confirm malignancy and may necessitate 
resection through the central adenomatous hypertrophy. 
A TRUS is indicated to look for hypoechoic lesion and 
from such lesion biopsy can be obtained at the same 
or distant sitting using the monopty/biopsy gun under 
ultrasound guidance. 

The tumor should be staged according to the tumor, 
nodes, metastasis (TNM) system for convenience. In 
general, pelvic lymph node assessment cannot be made 
other than by operative or laparoscopic sampling. 
The T category is derived from careful bimanual 
examination, preferably under general anesthesia. This 
is most conveniently done at the same time as biopsy or 
resection. If resection is indicated it should be completed 
as described above and sending the chips from each 
lobe separately. Monopty gun biopsy can be done after 
resection under digital rectal to see the extent of tumor 
left, if any. 


Box 113.13: Treatment of postoperative retention after 
transurethral resection of the prostate 


Box 113.14: Diagnosis of prostatic abscess 


TRANSURETHRAL RESECTION OF THE PROSTATE 
IN CHRONIC BACTERIAL PROSTATITIS 


Transurethral resection for cases of chronic bacterial 
prostatitis is sometimes indicated when all forms of medical 
therapy has failed. Resection is usually contraindicated in 
younger men or when it is desirable to preserve ejaculation 
and fertility. 


TRANSURETHRAL RESECTION OF THE PROSTATE 
IN PROSTATIC ABSCESS 


Prostatic abscess are common in diabetics and are usually 
overlooked. The patient is toxic, has a swinging pyrexia 
and elevated white cell count, and may have a concurrent 
epididymo-orchitis, and a soft tender prostate may be 
palpable per rectum. If ultrasound facilities are available 
then an abscess can be defined. If so it should be drained 
transurethrally by resecting few chips of prostate. The 
release of pus may cause remarkable improvement of 
symptoms and hasten recovery. Parenteral antibiotics 
should be given in order to treat and prevent urosepsis 
(Box 113.14). 


TRANSURETHRAL RESECTION OF THE PROSTATE 
IN HYPERTROPHY OF THE BLADDER NECK 


Obstructive symptom in young age is common due to 
bladder neck problem. This group of people present 
with prostatic problem in earlier ages than expected. The 
diagnosis of bladder neck obstruction contrary to popular 
urological belief cannot be made from endoscopic 
appearance alone. A prominent bladder neck may be quite 
normal or it may be associated with dys-synergia causing 
obstruction. The diagnosis of bladder neck obstruction 
is suspected if a man, typically between 20 years and 45 
years, complains of symptoms suggestive of prostatic 
obstruction and particularly ifhe gives a history of lifelong 
difficulty in voiding in company or in public toilets. The 
diagnosis should be confirmed by videocystometry, if this 
facility is available, when trapping of contrast is seen in the 
prostatic cavity (Whiteside’s sign) and a low urine flow is 
recorded in association with high detrusor pressure. This 
tear-drop appearance appears in the prostatic urethra due 
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Box 113.15: Diagnosis of bladder neck obstruction 


to inability of bladder neck to milk back the urine from the 
prostatic urethra into the bladder (Box 113.15). 

If there is a doubt about the benefit from surgery a trial 
of treatment with the alpha-adrenergic blocking agent, e.g. 
tamsulosin, terazosin and prazosin will often demonstrate 
the likely effect of an operation, but the patient must be 
warned of side-effects, in particular postural hypotension 
and retrograde ejaculation. 

Surgical treatment is by incision using the diathermy 
knife through the bladder neck at either 5 or 7 o’ clock 
position or both. Unilateral incision is usually effective, 
but if there is also a degree of prostatic hypertrophy, 
bilateral incision may be needed. The incisions start 
from just below the ureteric orifices to just above the 
verumontanum and are deepened until the bladder neck 
is seen to open fully and to be extended till the perivesical 
fat is exposed (Box 113.16). 


Alpha-Adrenergic Blocking Agents in Patients 
with Bladder Neck Obstruction 


e Alpha-1 and 2, short acting: prazosin 
e Alpha-1, long acting : terazosin, doxazosin 
e Alpha-la, selective : tamsulosin 

Absolute hemostasis should be achieved and is best 
undertaken with the bladder nearly empty as, otherwise, 
large veins may not be evident. A catheter should be 
inserted, and usually can be removed after 24 hours. 
After operation there is a variable degree of retrograde 
ejaculation and this is a relevant consideration in younger 
men who may be affected. This potential complication 
should be discussed before the operation. 


Box 113.16: Positions of bladder neck incision 


Incision of the bladder neck is often effective treatment 
for milder degrees of prostatic hypertrophy as it allows 
the lateral lobes to spring apart. Transurethral incision of 
prostate may be used for small prostate, as the morbidity 
is low. Before this can be generally advocated, long-term 
results must be published, because there is a risk that full 
resection may be needed some years later when perhaps 
the man is much less fit. After bladder neck incision many 
times the tissues between the two incisions between 5 0’ 
clock and 7 o’ clock become prominent and they need 
resection with a loop. Bladder neck hypertrophy with 
enlargement of lateral lobe of prostate often requires 
a formal TURP for achieving long-term good results. 
Inverted ‘y’ shaped incision may be required if there is 
fleshy prostatic component at 12 0’ clock. 


Modified Bladder Neck Incision 


Preservation of distal 1 cm of prostatic urethra near 
the verumontanum during the bladder neck incision 
may prevent the retrograde ejaculation in most of the 
patients. This procedure may be indicated and proved 
to be important in younger patients those who have not 
completed their family (Box 113.17). 

Introduction of modified bladder neck incision over 
the standard technique has given the opportunity to the 
urologist to treat all patients of bladder neck obstruction 
without the risk of retrograde ejaculation. Short-term 
results with this procedure are highly satisfactory, but 
long-term results are not available now. 


Irrigation Fluid for TURP 


Financial constraints force resectionists in the developing 
world to use water as a TURP irrigant; water is cheap, 
readily available and improves visibility because of 
hemolysis. Water freely diffuses into the compartments 
of the human body, if the amounts of absorbed 
water are too small to cause the TUR syndrome. The 
objective, therefore is to restrict the entry of water into 
the circulation during TURP. Water irrigation during 
TURP with no attempt to restrict the entry of water into 
the circulation was rightly condemned 50 years ago by 
Creevy and others.*’ However, water has considerable 


Box 113.17: Modified bladder neck incision 
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advantages as a TURP irrigant, i.e. ready availability, 
cost, improved visibility and the ability to freely enter and 
diffuse within all compartments of the body. 

The TURP irrigant must not be ionic, thus allowing 
an electrical current to cut prostatic tissue safely. If 
significant amounts of irrigant enter the circulation then 
hyponatremia will be detected. Isotonic saline (800-1000 
mL) was infused during the procedure; being isotonic 
any significant irrigation entry will still be detected 
by hyponatremia, although this may under-diagnose 
hyponatremia slightly. 


TURP with Isotonic Saline 


Irrigation fluid used for TURP range from distilled water to 
a variety of 5% dextrose in aqua. Irrigant fluid absorption 
during the procedure by the patient is a potentially serious 
complication of TURP, resulting in the TURP syndrome 
with appreciable morbidity and mortality. 

As an isotonic electrolyte medium, normal saline is 
the most physiologic irrigant for TURP, but its electrical 
conducting properties prohibit its use with conventional 
monopolar cautery. 


Traditional monopolar 


a! 


“a ~— a 


Re 


The development of bipolar resection systems now 
permits the use of normal saline as an irrigant. Use of 
bipolar cautery has been reported to be associated with 
less collateral and penetrative tissue damage, lower 
incidence of TURP syndrome, shorter catheter indwelling 
times and earlier hospital discharge. 

Advanced bipolar design that incorporates the active and 
return poles on the same electrode rather than the patient 
return pad used in traditional monopolar TURP (Fig. 113.1). 

Significantly lower voltages (220-320 V,__.) can be used 
to push electrical current around the bipolar circuit. This 
is a fraction of the high voltages (1,000-3,000 V,__.) used in 
monopolar designs. The effect is to reduce localized tissue 
damage, preventing charring and damage to underlying 
blood vessels (Fig. 113.2). 

A plasma corona is generated around the loop such 
that tissue molecules entering this highly energized field 
are vaporized creating a cutting effect. When retraction 
of the loop is done at the appropriate speed, sufficient 
thermal energy remains on the tissue to enable coagulation 
of capillary bleeders. The effect gives clear, hemostatic 
resection but is sufficiently shallow to prevent irritative 
symptoms observed with other technologies. 


3-5 mm depth of penetration 
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Fig. 113.1: Unipolar or monopolar TURP associated to injury to deeper tissue containing vessels and nerve 
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0.5 mm-1 mm depth of penetration 


Fig. 113.2: Minimal tissue trauma with bipolar TURP due to lower voltage 
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The Vasopressin TURP 


Intraprostatic vasopressin reduces bleeding very 
considerably (by at least 50%). This improves visibility and 
allows a rapid safe TURP. The vasoconstrictive effect lasts 
for 30 minutes, so the TURP should be completed within 
this time. All landmarks are clearly seen and capsular 
injury is recognized early. All bleeders are coagulated as 
the prostatic fossa is routinely inspected at the end of the 
procedure. There is no rebound bleeding effect (all vessels 
having been coagulated). 

After initial cystourethroscopy, the bladder is emptied 
and the sheath and obturator left indwelling (If the 
obturator of the sheath does not have a beak use a 24F 
curved urethral dilator). By manipulation of the sheath, 
the prostate is brought down to present to the approaching 
intrarectal needle, syringe and guiding index finger 
(Fig. 113.3). 10 units of vasopressin in 0.5 ml, diluted with 
9.5 ml isotonic saline is then injected as a single bolus into 
the prostate. Reglove and start resecting immediately. 

Vasopressin is a very powerful vasoconstrictor and 
diffuses freely throughout the prostate gland. Intraprostatic 
vessels are maximally vasoconstricted, vessels coursing 
just under the mucosa are less affected; the large venous 
sinuses outside the capsule are unaffected. 

Intraprostatic vasopressin reduces bleeding very 
considerably (by at least 50%). This improves visibility and 
allows a rapid safe TURP. The vasoconstrictive effect lasts 
for 30 minutes, so the TURP should be completed within 
this time. All landmarks are clearly seen and capsular 
injury is recognized early. All bleeders are coagulated as 


Fig. 113.3: Vasopressin TURP 


the prostatic fossa is routinely inspected at the end of the 
procedure. There is no rebound bleeding effect and all 
vessels have been coagulated. 

Intraprostatic vasopressin reduces irrigant absorption 
very considerably. The amount of irrigant absorbed in the 
majority of cases is hardly detectable irrigant absorption" 
was identified using the alcohol technique of Hahn. 

Some vasopressin inevitably enters the general 
circulation and the blood pressure may show a small 
transient rise (lasts less than 15 minutes). This is 
counterbalanced by the hypotensive effect of spinal 
anesthesia. The pulse rate is slowed for a short period 
(maximum of 15 minutes). Blood pressure and pulse rate 
changesusuallyresolve spontaneously butvery occasionally 
the anesthetist has had to use pharmacotherapy to increase 
the pulse rate. Patients with a history of angina are best 
given sublingual GTN before the vasopressin is injected." 


CONCLUSION 


Transurethral resection of the prostate was introduced 
as a method of treatment that was less invasive than 
open prostatectomy. Although evidence-based medicine 
now considers it imperative that a new treatment should 
be compared in a randomized fashion against a known 
standard, this did not happen with TURP. 

Hence, it took at least 50 years for it to be accepted as 
the established treatment and it took even longer for its 
exact role in the therapeutic armamentarium to be found. 
Although comparative trials evaluating minimally invasive 
treatments against TURP in terms of efficacy have lost that 
particular battle in the majority of cases, the complication 
rate after TURP has not been thus compared. 

When looked at without the benefit of comparison in a 
randomized trial, TURP is still an incomparable treatment 
for BPH, particularly if the patient has a high “bother” 
score, has recurrent urinary tract infections caused by 
incomplete bladder emptying, or has outflow obstruction 
when measured by pressure-flow urodynamic studies."° 
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PRELUDE 


Makarand V Khochikar 


Bladder cancer is very common tumor worldwide. Approxi- 
mately, half of the patients have superficial tumors, which 
can be managed endoscopically, and this is therefore a 
substantial proportion of the urological proportion of the 
urological surgeon’s work.’ 


BLADDER TUMOR (ENDOSCOPIC ASSESSMENT) 
Histological Type of Bladder Cancer 
Benign 


Papilloma (.5% of all tumors). 


Malignant 


e Transitional cell carcinoma (TCC) 90% 
e Squamous cell carcinoma 8% 

e Adenocarcinoma 1% 

e Sarcoma 1% 

e Carcinoma in situ. 


Diagnosis of Bladder Tumor 


The diagnosis is usually first suspected when the patient 
complains of hematuria. Age and occupation of the patient, 
filling defects are seen in ultrasonogram or on intravenous 
urogram films or urine cytology reveals malignant cells. A 
cystoscopy and biopsy confirm the diagnosis. 


Staging of Bladder Tumor 


Rational management depends on meticulous 
assessment. There are two widely used systems of 
categorizing bladder tumors - the Union for International 
Cancer Control (UICC), tumor nodes metastasis (TNM) 
system and the Marshal-Jewett classification. The 
purpose of clinical staging of the tumor is two-fold: firstly, 
it enables the urologist to give a prognosis and to select 
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appropriate treatment; secondly, results of treatment 
can be reported in the literature in a way that others can 
understand (Box 114.1). 

In this review, TNM systems are described. However, 
it should be remembered that the TNM system has two 
major components, a confirmed radical pathological 
categorization denotedasTandanendoscopic pathological 
categorization denoted pT. The ‘p’ pathological category is 
more accurate than the ‘P’ staging but can only be assigned 
after the tumor has been completely removed (PT staging), 
ie. after complete radical surgery, or at post-mortem 
examination. ‘P’ staging is done with the pathological 
examination of chips from the floor of the resected area 
and as such under staging is possible (Box 114.2). 
TUR-Transurethral resection. 


Types of Staging 


Clinical Staging 

e Physical examination 

e Imaging with ultrasound (US) and computed 
tomography (CT), etc. 

e Cystoscopy and resection of tumor 

e Bimanual palpation. 


The Tumor Nodes Metastasis Clinical 
Staging System 


The TNM clinical staging system is designed to be 
applicable in a wide variety of hospital settings in different 
countries. The following are the minimum requirement to 
assess the local spread and assign the T-category according 
to the TNM system: 


Box 114.1: Purpose of staging bladder tumor 
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Box 114.2: Pathological staging 


e Clinical examination 

e Ultrasound of urinary tract 

e Cystourethroscopy and complete resection of tumor 

e Bimanual examination under anesthesia before and 
after resection 

e Biopsy either as a separate procedure or during 
definitive transurethral resection of a small tumor 

(Box 114.3). 

It should be remembered that transitional cell cancer 
is often a manifestation of panurothelial disease, and both 
staging systems fail to account for involvement elsewhere 
in the urinary tract, e.g. renal pelvis, ureter, prostate 
or urethra. Imaging techniques such as intravenous 
urography, computerized tomography, nuclear magnetic 
resonance scans, pelvic and transluminal ultrasonography, 
may improve the precision of the categorization. The 
clinician must accept, however, that even with the latest 
imaging techniques and very precise histopathology there 
is still a margin of error. However, attention to detail allows 
the closest approach to the true situation.'° 
TCC-Transitional cell carcinoma. 


Anesthesia 


It is preferable to carry out the first assessment under 
general anesthesia because full muscle relaxation is 
essential for adequate bimanual examination. Follow-up 
examinations may be performed using urethral topical 
anesthesia and flexible cystoscopy, especially for those 
who have alow chance of recurrence but it is wise to ask all 
patients coming for subsequent assessment to fast in case 
general anesthesia or spinal anesthesia is needed. 


Irrigation Fluids 


The most widely used irrigation fluids for bladder tumor 
work are water and 1.5% glycine or 5% dextrose in aqua. 
The use of water is controversial. Some urologists believe 
the risk of extravasation and complications is sufficiently 


Box 114.3: Biopsy should clarify 


great to advocate the use of isotonic irrigant for all bladder 
tumor work (Box 114.3). Water as irrigation fluid may be 
useful for killing the malignant cell because it swells up 
and rupture since water is hypotonic. 


URETHROSCOPY 


Urethroscopy is an essential first step to any cystoscopy 
in the male patient. For the first assessment a size 21 F 
cystoscope should be used as this size of sheath is large 
enough to accept biopsy forceps or for a diathermy wire 
electrode. For follow-up, cystoscopy a size 17 F may be 
used if the chance of recurrence is considered low as there 
is less postoperative discomfort and less chance of urethral 
trauma. If a lesion is seen it should be biopsied. Urethral 
biopsies are difficult to obtain but may be taken using a 00 
telescope and the fine, straight, cold cup biopsy forceps or 
flexible biopsy forceps. Minor bleeding can be ignored, but 
should cautery be necessary care must be taken to keep 
the burn as small as possible to try to avoid subsequent 
stricture. Tumors in the prostatic cavity are best dealt with 
by resection. 


CYSTOSCOPY 


Cystoscopy is the definitive investigations for diagnosis 
of bladder tumor and it also allows biopsy to be taken 
for conformation and staging. General inspection of the 
bladder is made as described in before. 

Features should be recorded in cystoscopy: 

e The characteristics of the tumor or tumors 

e ‘The appearance of the intervening urothelium 

e The appearance of the ureteric orifices 

e Any other abnormality 

e The bladder capacity and post-void residual (PVR) 

e Status of prostate 

e Abnormal blood vessel in bladder mucosa. 

Details are often recorded on a standard bladder 
diagram to record the information on a form. The following 
features of bladder tumor, e.g. site, size, shape, morphology 
and number, etc. should be recorded. 

Features of the bladder tumor should be recorded: 

e Size (ureteric catheter may used as a measure) 
e Site [e.g. left (L) or right (R) lateral wall, posterior wall, 
anterior wall, dome, and trigone] 


e Shape 
e Morphology 
e Number. 


The intervening mucosa should be examined carefully 
for color and if any diverticula are seen the interior should 
be inspected for tumor (Fig. 114.1). 
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Tumor 


Bladder 


Urethra 


Fig. 114.1: Small bladder neoplasm prior 
to endoscopic resection of the tumor 


BIMANUAL EXAMINATION 


Bimanual examination should be performed before 
and after resection, because if a large mass is palpable 
then, depending on management policy, endoscopic 
assessment may be restricted to a biopsy or debulking 
resection rather than an attempt at complete resection. 
Bimanual examination after complete resection is of great 
value after resection, which helps, in clinical staging of the 
bladder tumor (Fig. 114.2). 


BIOPSY TECHNIQUE 
Biopsy of the Primary Tumor 


The aim is to obtain enough tissue to show type of tumor, 
the grade of malignancy, and the stage of the tumor (‘p’ 
stage). For patients with superficial tumor, the biopsy and 
treatment are combined (Box 114.4). Occasionally, an 
apparently superficial tumor is an invading muscle, but 
this will be detected if a separate cold cup or resection 
biopsy is taken routinely from the muscle at the base of all 
resected tumors. 

The presence of a palpable mass after resection or 
ureteric obstruction on the intravenous urogram or US 
usually indicates muscle invasion. If there is a large mass 
or other evidence of invasion, biopsy should be taken from 
a representative portion of the tumor, to ascertain the 
tumor type and grade. Also, an attempt should be made 
to resect at one point deep enough to obtain evidence of 
muscle invasion. 


Fat 
Muscle 


Connective tissue 
Bladder lining 


CIS 
Ta 


T1 
T2 


T3 


T4 


0 


Fig. 114.2: Staging of bladder cancer 


The proper labeling of the resected tumor from 
different parts of tumor before sending to pathologist 
for type of tissue for grading and ‘p’ staging. The most 
useful instrument for tumor biopsy is a continuous-flow 
resectoscope, because biopsy or resection of tumors can 
be undertaken with the bladder partially deflated, and 
this very much reduces the risk of perforation. In deeper 
resections, when a degree of perforation is inevitable, the 
amount of extravasation is less because the pressure is 
lower. The above standard techniques of assessment are 
the minimum requirements for T categorization. 


Characteristics of pTa (Fig. 114.3) 
Cystoscopy 


Tumor looks superficial. 


Bimanual Examination 


No mass palpable after resection and no residual 
thickening of bladder wall. 


Box 114.4: Purpose of doing biopsy of bladder tumor 
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Fig. 114.3: Cystoscopic picture of a large solid looking 
bladder neoplasm 


Biopsy 


Lamina propria not invaded. 


Characteristics of pT1 
Cystoscopy 


Tumor looks superficial and the surgeon thinks that the 
lesion has been completely resected. 

Bimanual Examination 

No mass palpable after resection but there is thickening of 
bladder wall. 

Biopsy 


Lamina propria invaded but no muscle invasion. 


Characteristics of pT2 
Cystoscopy 
Tumor looks resectable but deeper invasion may be 


indicated by a more solid appearance of the tumor or by 
a broader base. 


Bimanual 


Mass palpable after resection. 


Biopsy 


Superficial muscle invaded. T2 is perhaps the most 
difficult situation to categorize accurately because of the 
risk of lymph node spread. 


Characteristics of pT3 


Cystoscopy 


Tumor looks too extensive for complete resection. 


Bimanual 


There is usually a solid irregular palpable mass, which 
persists after resection of the superficial portion of the 
tumor. 


Biopsy 


Sometimes deep biopsies taken from the center of a large 
tumor fail to show muscle invasion because the muscle 
has been entirely replaced by tumor tissue. For this reason, 
when trying to confirm muscle invasion it is better to cut a 
trench towards the periphery of a large tumor rather than 
in the center 


Characteristics of pT4 
Cystoscopy 


Usually the bladder is filled with tumor and debris and it is 
very difficult to see anything. 


Bimanual 


There is a palpable mass, which is fixed to the bony pelvis, 
T4b, or else fixed to adjacent organs (prostate, uterus, 
vagina or rectum), T4a. 


Biopsy 


This may be limited to the superficial aspect of the tumor 
to determine the tumor type and grade. Often patients 
with these advanced tumors are frail and ill, and it is 
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usually desirable to perform the minimum biopsy that will 
confirm the nature of the tumor. 


Cystoscopic Biopsy of Bladder (Figs 114.4A and B) 


It is known that 30% of patients with superficial 
transitional cell bladder cancer have unsuspected 
dysplasia or carcinoma in situ of the urothelium despite 
the normal cystoscopic appearance. These changes are 
more likely in the urothelium near the primary. It is 
also known that patients with histologically abnormal 
urothelium are more likely to suffer from recurrence. If 
the mucosa looks abnormal, e.g. red or mossy, then there 
is a high chance of dysplasia or carcinoma in situ (best 
diagnosed by cytology).”* 


Indications for Mucosal Biopsy 


Bladder biopsy is indicated in patients with lower urinary 
tract symptoms (LUTS) cystitis or suprapubic pain without 
obvious explanation. It should be remembered that such 
symptoms in association with sterile pyuria might indicate 
tuberculous infection. 

Patients with exophytic tumor associated with 
abnormal-looking areas of urothelium should be always 
biopsied. Narrow band imaging or blue light cystoscopy 
will be more helpful for detecting and removal of the tumor 
bearing areas which can not be detected with normal 
white light.®? 

Patients, working with industrial carcinogens, with 
abnormal urine cytology, but who showed normal 
mucosa on cystoscopy, examination with NBI or blue light 
cystoscopy or a random biopsy would become logical.®° 


Urothelial biopsies are best taken with cold-cup biopsy 
forceps. The bladder should be three-quarters full and 
the forceps should be positioned to sustain mucosa but 
not deeper layers. The biopsy should be taken before any 
resection and ideally in the presence of isotonic irrigant. 
The biopsy site should be lightly cauterized to prevent 
bleeding and tumor implantation. There are two systems 
of sampling the apparently normal urothelium: near and 
far and quadrant. The near and far method is sufficient 
because it has been shown to have nearly as good as a 
chance of detecting abnormal mucosa. 


CYTOLOGY 


Urine cytology for malignant cells is used in the following 

situations. Usually, the fresh specimen examined by 

cytopathologist gives the best results. 

e To detect carcinoma in situ when there is no exophytic 
lesion seen on cystoscopy 

e To determine the response of known carcinoma in situ 
to treatment 

e As a means of follow-up for elderly and frail patients 
where some follow-up is desirable but repeated 
cystoscopy is difficult. It may be mentioned that the 
standard follow up program for bladder cancer is 
cystoscopy. 


Indications of Cytology 


e To diagnose carcinoma in situ 

e Follow-up of carcinoma in situ 

e Alternative to cystoscopic follow-up in bladder 
cancer 


Figs 114.4A and B: (A) Bladder tumor; (B) Transurethral resection of bladder tumor in progress 
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Generally, cytology as a means of diagnosis for exophytic 
bladder tumors is unsatisfactory because of a high false- 
negative rate, especially if the tumor is well differentiated. 
Also cytology, like mucosal biopsy, is very much dependent 
on the interpretation by the pathologist, which explains 
why the technique is more useful in some hospitals than in 
others. It is important to note that for diagnosing ‘carcinoma 
in situ’ the cytology is the best diagnostic tool. 


Involvement of the Prostate Gland by 
Transitional Cell Cancer 


The prostate may be involved by transitional cell cancer in 

four ways: 

1. Invasion of the prostate by bladder tumor at the base 
of the bladder. This is what is normally meant by T4a 
category by TNM system. 

2. Dysplasia or carcinoma in situ in the prostatic urethra 
and/or the prostatic ducts. 

3. Invasion of the prostate from a tumor arising in the 
prostatic ducts. 

4. Papillary tumors in the posterior urethra. 

Transitional cell carcinoma in situ in the prostatic ducts 
occurs in about 20% of patients with widespread bladder 
TCC. Therefore, it is wise to perform the resection of the 
prostateto obtain tissue forpathologicalexamination before 
intravesical chemotherapy for widespread carcinoma in 
situ. If it is found within the prostate ducts in association 
with bladder lesions, intravesical chemotherapy will not 
work, and this is an indication for transurethral resection 
of the prostate as well as intravesical chemotherapy or 
cystoprostatourethrectomy. 


Endoscopic Treatment of Superficial Lesions 


Superficial tumors of the bladder can be treated 
by fulguration and intravesical chemotherapy or 
immunotherapy in most of the cases. For the locally 
invasive and metastatic tumor the treatment protocol is 
entirely different and as such correct tissue diagnosis, 
staging and grading of the tumor is mandatory before 
embarking on the definitive treatment of bladder cancer. 


Fulguration of Bladder Tumor 


Small tumors can be coagulated with a wire electrode, but 
a biopsy should always be taken first. This method is mostly 
required in the follow-up case of carcinoma of prostate. 


Indication of Fulguration of Bladder Tumor 


The tumor is very small. 

There are multiple scattered small tumors. 

There are small tumors on the vault or posterior wall, 
especially if the bladder is thin and where there is a risk of 
perforation. 

Out patient follow-up with flexicystoscope. 


RESECTION OF BLADDER TUMOR 


Principles of Resection of Bladder Tumor 


Resection is the method of choice for large superficial 
tumors. Continuous flow resectoscope should be 
used and is adjusted to maintain the bladder at three- 
quarters capacity. This reduces the risk of perforation 
because the bladder wall is thicker, and reduces the 
amount of extravasation because the pressure is lower. 
The resection is started at the margin between tumor 
and flat urothelium at either the top or bottom of the 
tumor working from the furthest to the nearest point 
and proceeds by following the plane between tumor and 
bladder muscle. Bleeding should be stopped at once in 
order to maintain clear visibility. With experience, the 
normal muscle can usually be visualized throughout the 
resection. 


Common Mistakes 


To resect without attending to hemostasis; this can rapidly 
lead to loss of vision, loss of landmarks and resection in 
inappropriate places leads to perforation. 

When resecting multiple tumors, failure to complete 
the resection and hemostasis in any one area before 
moving to the next area. This inevitably results in loss of 
vision and incomplete resection. When tumor area is 
very extensive, it is sometimes necessary to complete the 
resection on a second occasion 2 weeks later. 

Starting the resection in the middle of the papillary 
mass. If this is done it is extremely difficult to identify and 
stop bleeding. 

To attempt definitive resection without performing 
bimanual examination before the resection. Endoscopic 
treatment alone is not appropriate for deeply invasive 
tumors because there is a high chance of lymphatic or 
metastatic spread. Usually, all that is necessary is biopsy of 
a representative area of the tumor. 


Chapter 114 Bladder Tumor: Endoscopic Assessment and Treatment 


SPECIAL POINTS OF TECHNIQUE 


Obturator Nerve Excitation and Muscle Spasm 


During resection of tumors on the lateral wall, there may 
be stimulation of the obturator nerve and involuntary 
leg movement. This movement can be quite violent and 
can upset the resection, causing either perforation or 
hemorrhage with loss of orientation and incomplete 
resection of the tumor. The first step is to reduce the 
strength of the current and, if necessary, call a more 
experienced surgeon who can perform the operation 
safely or can give an obturator nerve block. The movement 
occurs because of direct electrical stimulation of the nerve 
and therefore the block has to be around the nerve at a site 
distal to the resection and using an agent that prevents 
transmission of impulses. 


Obturator Nerve Excitation during Transurethral 
Resection of Bladder Tumor 


Obturator nerve block either done by percutaneous block 
or more effectively the obturator jerk can be completely 
abolished by injecting 2% lidnocaine at the tumor base 
with a cystoscopic needle under cystoscopic guide before 
starting the resection of bladder neoplasm. Measures 
like conversion of anesthesia to general anesthesia and 
lowering the power of diathermy is not effective at all. 


Perforation of Bladder during Transurethral 
Resection of Bladder Tumor 


Skill is needed when resecting tumors on the vault and 
posterior wall and requires special skills. It is sometimes 
necessary to alter the angle of the resection loop electrode 
and to use a sideways movement. If a small perforation 
is made immediately the resection is stopped and it can 
usually be managed conservatively with 5-7 days of 
urethral catheter drainage. Large perforation may warrant 
laparatomy (Box 114.5).?° 


Widespread Tumor 


Sometimes a patient is seen for the first time with a bladder 
full of many small superficial bladder tumors. In this 
situation it is possible to clear the bladder with multiple 
endoscopic sessions. Another technique which may help 
clear multiple tumors is prolonged bladder distension. 
This works by causing pressure necrosis of the tumors 
between the bladder wall and the balloon catheter. But 
this might cause a hyporeflexic bladder later on. 


Box 114.5: Perforation of bladder during transurethral 
resection of bladder tumor 


Contraindications to Resection of Superficial Tumors 


Most superficial tumors can be treated endoscopically, 
but in general, multifocal or rapidly recurring tumors do 
badly and require additional or alternative treatment. 
Widespread carcinoma in situ, especially when 
symptomatic, is another contra-indication. There is 
controversy about whether high-grade (G3) T1 tumors 
also warrant alternative treatment (Box 114.6). 


Endoscopic Management of Invasive Lesions 


The role of endoscopy with more advanced lesions (T3/T4) 
is usually diagnostic (biopsy) and palliative (coagulation 
of bleeding points) but not curative. Endoscopic resection 
maybeusedasanadjuncttoradiotherapyorchemotherapy, 
but the role of debulking resection is controversial. It must 
be remembered that a high proportion of invasive tumors 
has already spread to regional lymphatics. 

One logical practice for T3 and T4 tumors is to 
offer patients for radical radiotherapy. After 6 months, 
if the tumor confined to bladder, cystectomy may 
be performed if there is no evidence of metastatic 
spread. The role of endoscopy depends on the site of 
the tumor.*” 


Box 114.6: Contraindication to resection 
of superficial bladder tumor 
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Figs 114.5A and B: Bladder cancer: Narrow-band imaging improving urothelial carcinoma detection 


Radical Transurethral Resection of Bladder Tumor 


A new approach is complete resection of deeply invasive 
tumors, carrying the resection to the perivesical area 
(Radical TURBT). This technique is only possible if the 
continuous-flow resectoscope is used and the bladder 
kept less than fully distended. A second-look resection 
is performed 6-8 weeks later. Once the tumor has been 
completely resected then adjuvant chemotherapy is given. 
At present regimens with carboplatin and docetaxel are 
extremely useful and although early result is promising, 
the medium and long-term results have yet to be 
evaluated. If perforation into the peritoneal cavity occurs, 
Laparotomy and partial/total/ radical cystectomy should 
be performed.’ 


Narrow Band Imaging 


Narrow Band Imaging or NBI cystoscopy showed 
significantly improved detection rates of CIS, overall 
NMIBC and lesions in comparison to WLC. Moreover, 
significantly more pTa tumors were found using NBI, 
while pathologically confirmed positive tumor margins 
secondary to standard TURBT were found using NBI 
cystoscopic control in about 10% of cases. However, 
the rate of false-positive results was similar for the two 
methods (Figs 114.5A and B). 

In addition, supplementary tumors were diagnosed 
by NBI cystoscopy in a significantly higher proportion 


of patients with CIS, pTa, pT1 and overall NMIBC in 
comparison to WLC. Consequently, postoperative 
treatment was improved due to NBI results in a significantly 
larger number of cases. 

In conclusion, NBI cystoscopy seems to represent a 
valuable diagnostic alternative in patients with NMIBC, 
showing significant improvement in tumor visual accuracy 
and detection. This approach also provides a substantial 
improvement in postoperative therapeutic management 
of bladder cancer.’ 


Blue Light Cystoscopy (Figs 114.6A and B) 


Blue light cystoscopy involved visual inspection of the 
urinary bladder epithelium using a telescope, usually to 
diagnose or rule out bladder cancer. Until recently normal 
‘white’ light was used butin some cases the bladder cancers 
are missed by ‘white light’ cystoscopy. A new technique 
called blue light cystoscopy shows bladder cancers much 
more clearly. 

A drug called Hexvix is instilled into the bladder using 
a catheter about an hour before the patient undergoes 
cystoscopy. 

The blue light causes bladder cancers to fluorescence 
bright pink, making them much easier to see and remove. 
There is good evidence that using ‘blue light’ cystoscopy 
allows the detection of more bladder cancers resulting in 
more effective treatment. This in turns means that patients 
get fewer cancer recurrences. Blue light cystoscopy has 
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Figs 114.6A and B: During blue light cystoscopy, the bladder cancers used to fluorescence bright pink, 
making them much easier to see and remove 


been available for 5 years and is extremely safe with no 
major complications.° 
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INTRODUCTION 


Prem Nath Dogra 


The term ureterolithotomy refers to the open or 
laparoscopic surgical removal of a stone from the ureter. 
Currently, ureterolithotomy is very rarely performed 
because of the availability of minimally invasive 
procedures for stone removal and fragmentation. The 
ureteroscopic stone extraction is performed under 
direct vision, while stone fragmentation is achieved with 
ultrasound, pneumatic lithotripsy (lithoclast), holmium 
laser lithotripsy. In selected cases, ureteric stones may be 
fragmented by noninvasive technology like extracorporeal 
shock wave lithotripsy (ESWL).! 

The modification of ureterolithotomy by involving 
laparoscopic technology combined with endoscopic 
stone management has been reported and referred as 
laparoendoscopic single-site surgery (LESS). Classical 
open ureterolithotomy however, still has a role when such 
sophisticated modalities are unavailable, when other 
therapies have failed, and in cases involving significant 
ureteral strictures that prevent endoscopic access. 

Sometimes stones when become impacted and 
compounded with infection may cause severe pain, fever, 
and urosepsis which may require prompt and appropriate 
drainage (e.g. percutaneous nephrostomy or ureteral stent 
insertion) and followed by subsequent definitive stone 
removal. The ureterolithotomy has finite indications and is 
used most commonly when minimally invasive therapies 
have failed or not available.’ 


HISTORY OF THE PROCEDURE 


Bardenheuer, in 1882 removed a calculus from the upper 
ureter using an open surgical technique and this represents 
one of the earliest recorded cases of ureterolithotomy. 


ETIOLOGY 


All stones are formed in the kidney and migrate into the 
ureter. Stones are passed spontaneously if the diameter is 
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less than 5 mm and when the stones larger than 10 mm 
are unlikely to pass spontaneously, and some small stones 
often require surgical intervention, perhaps owing to 
irregular margins of the stone. On the way of downward 
migration ureteral passage, stones most commonly 
become lodged at the narrow areas of the ureter, in the 
proximal ureter at the ureteropelvic junction, in the mid 
ureter where the ureter crosses the iliac vessels, and in the 
lower ureter at the ureterovesical junction (Fig. 115.1). 


PRESENTATION 


The stones in the ureter often present as renal colic and 
the pain is typically intermittent, but may be constant, 
with radiation into the groin or testicle. This pain varies 
from severe to a dull ache and is more common on the 


Ureteropelvic 
junction 


Crossing of iliac artery —> 
(midureter) 


Ureterovesical —> 
junction 


Fig. 115.1: Common location of the ureter 
where the ureteric stones are presented 
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left side. Usually, the patient constantly moves to find 
the position of maximal comfort. The ureteric stones are 
more common in men. The urinalysis is usually positive 
for red blood cell (RBC) and occult blood. Results on 
physical examination may be normal except for some 
costovertebral angle tenderness. 


INDICATIONS 


May be the classical open ureterolithotomy has become 
very rare in the last decade because of the advent of 
various form of ureteroscopic intracorporeal, and ESWL, 
it still has a role when such sophisticated modalities are 
lacking, when other therapies have failed, and in cases 
involving significant ureteral strictures that prevent 
endoscopic access. Medical treatment is logical for stones 
smaller than 5 mm but occasionally, pain, infection, and 
associated anatomical abnormalities necessitate surgical 
intervention for smaller stones. 

Today, for ureteric stone, the first-line surgical 
intervention involves minimally invasive procedures. 
Considering the location of the stone, experience of the 
urologist, and preference of the patient, either ESWL or 
ureteroscopy and intracorporeal lithotripsy are employed. 
Due to miniaturization of scopes and availability of 
sophisticated guidewires, dilators, access sheaths, 
and stents, patients with complicated stones can be 
approached with ureteroscopy. 

Patients who present with sepsis and hydronephrosis 
due to an impacted stone, the preferred treatment is 
percutaneous drainage of the kidney with nephrostomy and 
delayed endoscopic treatment of the stone but in cases that 
ends up with a failure, ureterolithotomy can be performed.** 


RELEVANT ANATOMY 


The ureter is 20-27 cm in length and 5-7 mm in diameter. 
Natural constricted parts of ureter is at the ureteropelvic 
junction, in the most cephalad part; in the middle, where 
the ureter crosses the iliac vessels; and in the most caudal 
part, at the ureterovesical junction (intramural part of 
ureter). The vas deferens crosses the ureter at its lower 
one-third anteriorly in men and in women, the round 
ligament crosses the ureter at its lower one-third anteriorly. 
The ureter is adjacent to the gonadal vessels. 

The ureter receives its blood supply from periureteral 
vessels, from the pelvic branch of the renal artery, provide 
the blood supply to the upper one-third. The branches of 
the superior vesicle artery supply the lower one-third of 
ureter. The lumbar vessels supply middle third of ureter. 
The blood supply ureter in this part is precarious. In the 
process of ureterolithotomy, stripping the ureter of its 


periureteral fat in the middle third has to be performed 
very carefully to avoid stricture of the ureter. Urine in the 
ureter progresses due to peristalsis, and the nerve plexus 
that runs along the ureter controls peristalsis.” 


CONTRAINDICATIONS 


The ureterolithotomy is contraindicated in patients who 
are medically unfit for an open surgery or who harbor an 
active infection. In such situation noninvasive procedures, 
such as ESWL, and minimally invasive ureteroscopy may 
be considered first and classical ureterolithotomy only as 
a last resort. 


LABORATORY STUDIES 


Obtain a complete blood count (CBC) count, chemistry 
panel, blood urea nitrogen (BUN), creatinine, and 
prothrombin time/international normalized ratio (INR), 
as well as urinalysis and urine culture. 


IMAGING STUDIES 


Plain radiography performed preoperatively is strongly 
advised because stones often change position and may 
even pass. Most stones in the kidney, ureter and bladder 
(KUB) are radiopaque on plain radiography; they can be 
visualized in the course of the ureter. 

The intravenous urography is an effective means 
of assessing function and stone position, as well as 
distinguishing stones from phleboliths (Fig. 115.2). 

The ultrasonography is a useful modality to demons- 
trate the lucent stone and it also shows the changes in the 
upper tract (Fig. 115.3). 

Noncontrast computed tomography (CT) scans can 
reveal smaller stones and other causes of abdominal pain. 
Scans are performed with no dye. Computed tomography 
scans also reveal nonopaque stones, but renal function 
cannot be assessed adequately (Figs 115.4 and 115.5). 


OTHER TESTS 

Obtaining electrocardiogram (ECG), chest radiography, 
and preoperative radiography of KUB to visualize the 
position of the stone in the ureter is advisable. 


TREATMENT 
Medical Therapy 


For stones smaller than 5-7 mm, conservative treatment 
with anticipation of stone passage is possible. Tamsulosin 
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Fig. 115.2: Plain kidney, ureter and bladder radiograph showing 
a large stone in the proximal ureteric line and two small radi- 
opaque shadows in the ureteric line. An intravenous urography or 
computed tomography urogram or retrograde ureteropyelogram 


Fig. 115.3: Ultrasound scan showing hydronephrosis following a 
impacted stone in lower ureter 


and calcium channel blocker can promote the 
spontaneous delivery ureteric stone. They may be tried in 
smaller stone and in absence of complications. Intractable 
pain, uncontrolled nausea/vomiting, active infection, and 
impending urosepsis all necessitate surgical intervention, 
typically with ureteral stent placement followed by future 
definitive treatment of the calculus.”*’ 


Fig. 115.4: Noncontrast computed tomography scan showing 
lucent stone in proximal ureter 


Fig. 115.5: Noncontrast computed tomography scan showing 
lucent stone in midureter 


The goals of ureterolithotomy are to remove all stones 
and fragments and to avoid causing a ureteral stricture. 
The strategy of surgical technique depends on the site 
of the stone in the ureter—upper third, middle third, or 
lower third may need a different incision. 
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e Urineshouldbe sterile and an appropriate preoperative 
broadspectrum antibiotic may be started. 

e Preoperative KUB radiography: Stones can move, and 
surgical strategies vary with the position of the stone. 
Knowing the precise location mediately before the 
surgery is essential. Stones move up due to proximal 
ureteral dilatation. Stone can move down due to 
peristalsis. 


Preoperative Preparations 


Amechanical bowel preparation with a full liquid diet for 24 
hours prior to surgery and 21 of electrolyte solution reduces 
interference from bowel contents. Preoperative imaging 
with abdominal radiography or fluoroscopy in the operating 
room is used to confirm stone location. After induction of 
anesthesia, the patient is moved to lithotomy position for 
cystoscopy and a ureteral catheter is inserted. This ureteral 
catheter is advanced to within 1 inch of the calculus and 
then secured to the Foley catheter to prevent motion. 


OPEN URETEROLITHOTOMY 
Open Upper and Middle Ureterolithotomy 


Most common incision is at the 12th rib or is subcostal. 
Incision is from over the distal third of the 12th rib, 
extending 6-8 cm anteriorly toward the umbilicus. Jack 
knife kidney position with the table flexed is preferable. 
Operating table kidney rest may be raised to facilitate the 
exposure of the ureter and the stone. 

The soft tissue and the external and internal obliques 
and the transversalis are divided with the diathermy 
current and pushing the peritoneum anteriorly (to get 
access in the retroperitoneum).!* 

The ureter is identified and isolated. The stone is located 
and immobilized with two vascular loops above and below 
the stone. One linear cut is made on the long axis of the 
ureter over the stone with a knife vertically. The stone is 
removed. The irrigation of the ureterolithotomy site and 
then irrigation of the ureter proximally and distally with a 
5 Fr baby feeding tube. It is important to ensure that no 
other stone fragments are present. A double J stent may be 
inserted in the ureter at this stage. The use of fluoroscopy 
is very helpful in locating the proximal and distal ends of 
the stent for proper positioning. When fluoroscopy is not 
available, methylene blue may be instilled into the bladder 
via Foley catheter. Methylene blue should be able to flow 
retrogradely through the stent which will confirm the 
position of the stent in the bladder.** 

The ureterolithotomy incision on the ureter is closed 
with 4-0 absorbable interrupted watertight closure with 


seromuscular layer, only leaving the mucosa to prevent 
ureteric stricture. Routine use of ureteric stent is a logical 
approach to prevent the complications of this procedure. 
Converting a longitudinal incision into a transverse 
closure may also be sued to prevent ureteric stricture. The 
middle-third of ureter is relatively vulnerable to stricture 
formation due to ischemic insult, which may be caused 
by undue or excess mobilization of this portion of ureter 
during this procedure. 

The ureterolithotomy site should be drained with a soft 
Penrose drain following the irrigation the wound with warm 
water. The incision is closed with synthetic absorbable 
interrupted sutures in two layers. The skin is closed with 
absorbable subcuticular sutures or surgical staples. Routine 
use of subcutaneous instillation of bupivacaine or marcaine 
0.25% or 0.5% may be beneficial for postoperative pain. 


Open Lower Ureterolithotomy 


The lower ureterolithotomy is much more difficult than 
upper and middle third ureterolithotomies. A KUB 
radiography to evaluate the current and precise location 
and number of stones is a prerequisite for the procedure. 
A Foley catheter is placed to drain the bladder. An oblique 
muscle-splitting Gibson incision in the lower quadrant 
ipsilateral to the stone is made. All three flat abdominal 
muscles are splitted in the line of the incision and once the 
peritoneum is reached, it should be pushed medially to get 
in to the retroperitoneum. The ureter is identified when 
it is crossing the iliac vessels and put it on a vessel loop. 
The ureter if need to be mobilized toward the bladder, 
the superior vesical pedicle has to be secured between 
the ligature to expose the lower part of the ureter. The vas 
deferens in men and the uterine artery in women may be 
seen crossing the ureter.®* 

The ureter containing the stone is stabilized above and 
below with the vessel loops. Ureterotomy is performed 
over the stone and removed (Fig. 115.6). Irrigation of the 
upper and lower ureter is performed. The ureterolithotomy 
site is closed with interrupted 4-0 absorbable sutures with 
the same principle as described above in the management 
of the proximal ureteric stone. The incision is closed in 
two layers with a synthetic absorbable interrupted suture. 
Skin is closed with staples or subcuticular 4-0 nylon suture 
leaving a Penrose drain to drain the area.** 


Laparoscopic Ureterolithotomy 


The laparoscopic ureterolithotomy is an alternative to 
open surgery for removing large stones not amenable to 
endoscopic treatment.'”!’ Most of the published literature 
indicates that, laparoscopic approach for lower ureteric 
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Fig. 115.6: Complete removal of stone from ureter 
by open ureterolithotomy 


stone is described to be less successful than middle and 
upper ureter.'*”3 

The ESWL and ureteroscopy remain first- 
line treatments for ureteral stones. Laparoscopic 
ureterolithotomy functions as a less-invasive intervention 
for complicated stones that cannot be addressed via 
extracorporeal or intracorporeal ureteroscopic lithotripsy. 
Laparoscopic ureterolithotomy is typically reserved for the 
following, when the stone is not amenable to lithotripsy 
fragmentation, when the patient’s weight precludes ESWL 
or prevents ureteroscopic access, if ESWL or ureteroscopic 
access is not available and for stones that are refractory to 
alternative therapies. 

The upper and mid-ureteric stones are safely 
approached  retroperitoneally or transperitoneally 
but lower ureteric stones are better approached 
transperitoneally. The principle and procedure of 
ureterolithotomy of open technique is replicated in the 
laparoscopic procedure." 

The disadvantages of laparoscopic ureterolithotomy 
include the lack of tactile perception, potential for urinary 
leak, potential for bowel adhesions, and the considerable 
learning curve; these factors must be considered in 
surgical planning.**"° 


Retroperitoneal Laparoscopic Ureterolithotomy 


The first port (10-12 mm) serves as the camera port and 
can be placed via an incision at the 12th rib, bisecting the 
distance from costal border to iliac crest in the mid-axillary 
line. Create space with the retroperitoneum by finger- 
sweep, followed by balloon. The second port (10-12 mm) 


is placed in the posterior axillary line at the convergence 
of the rib cage and erector spine muscles. The third port 
(10-12 mm) is placed in the anterior axillary line 5 cm 
medial to first port. The fourth port (5 mm) is placed two 
finger-breadths cephalic to anterior-superior iliac spine. 
The retroperitoneal space is freed by removing the flank 
fat pad. Open Gerota’s fascia along its junction line with 
the psoas sheath. Begin dissection, progressing medially 
until identification of ureter. Dissect the ureter caudally 
and localize the stone using ureteral pinching. Perform 
longitudinal ureterotomy with a laparoscopic scalpel and 
extend it with scissors. Extract the stone with a laparoscopic 
grasper or an endobag. Advance the ureteral catheter 
proximally beyond the ureterotomy site under direct 
vision into the renal pelvis. The ureterotomy incision may 
or may not be sutured. Close the retroperitoneum in layers. 
Leave a drain at the ureterolithotomy site. Postoperatively, 
the ureteral catheter is left in place for 5 days. Remove 
the drain once the output is less than 50 mL/day. At 3 
months postoperatively, urinalysis, ultrasonography, and 
intravenous urography are performed.*5!!? 


Transperitoneal Laparoscopic Ureterolithotomy 


Mid Ureteral Stone 


The first port (10-12 mm) serves as the camera port and 
can be placed at the umbilicus. The second port (10-12 
mm) is placed at lateral border of rectus abdominis 5 cm 
cephalad to the umbilicus. The third port (5 mm) is placed 
at lateral border of rectus abdominis 5 cm caudad to the 
umbilicus. 


Lower Ureteral Stone 


The first port (10-12 mm) serves as the camera port and can 
be placed at the umbilicus. The second port (10-12 mm) is 
placed midway between umbilicus and pubic symphysis. 
The third port (5 mm) is placed along the mid-clavicular 
line in the ipsilateral iliac fossa. Open Gerota’s fascia along 
its junction line with the psoas sheath. Begin the dissection, 
progressing medially until the ureter is identified. The 
ureter can be identified at the point of crossing iliac 
vessels. Dissect the ureter caudally and localize the stone 
using ureteral pinching. Perform longitudinal ureterotomy 
with the laparoscopic scalpel and extend it with scissors 
(Fig. 115.7). Extract the stone with a laparoscopic grasper 
or an endobag. Advance the ureteral catheter proximally 
beyond the ureterotomy site under direct vision into the 
renal pelvis. Suture the ureterotomy incision site, closing it 
in layers. Leave a drain at ureterolithotomy site." 
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Fig. 115.7: Laparoscopic ureterolithotomy 


The patient is then repositioned again into a modified 
lateral decubitus position with the umbilicus over the break 
in the operating table; the table may be flexed as needed 
to expose the flank. Axillary rolls, padding, and cloth tape 
are used to support the buttocks and to flank and secure 
the patient. The table may be rolled appropriately to assist 
with bowel retraction. ™!?" 


FOLLOW-UP 


An intravenous urography performed 3-6 months post- 
operatively is helpful in recognizing a stricture or residual 
stones. The patients should be evaluated for chemical risk 
factors that lead to stone formation. An analysis of the 
chemical composition of the stone and an evaluation of 
the patient’s diet. Metabolic studies for stone prevention 
analysis are essential for determining the underlying risk 
factors for new stone formation and may include serum 
electrolytes, calcium, creatinine, bicarbonate, and uric 
acid together with a 24-hour urine collection with analysis 
of calcium, uric acid, citrate, oxalate, sodium, magnesium, 
and volume. An effective stone prophylaxis program or 
preventive measures then can be instituted. 


COMPLICATIONS OF URETEROLITHOTOMY 
Open Ureterolithotomy 


Intraoperative bleeding due to unrecognized injury to 
adjacent gonadal vessels or inferior vena cava is a possible 
early complication. The persistent urinary leak may result 
from urinary fistula. Without any distal obstruction the 


urinary fistula often heals spontaneously. Incidence of 
urinary fistula has disappeared following the routine use 
of ureteric stents. The treatment of residual stones depends 
on size and location of stones and ureteroscopy and 
removal of the stone fragment may be needed. Ureteric 
stricture may be seen rarely which may be managed by 
balloon dilation and stenting of ureter, but ureteroplasty 
may also be required in recurrent stricture. 


Laparoscopic Ureterolithotomy 


Ureteral stricture is a major complication of laparoscopic 
ureterolithotomy, reported in up to 15-20% of cases in 
various series. The etiology is unclear, but it may result 
from strangulating sutures at the ureterotomy site, leading 
to ischemia and stenosis, or the use of a diathermy hook 
electrode. Adhesion formation with resulting risk of bowel 
obstruction is a potential complication of transperitoneal 
laparoscopic ureterolithotomy. Conversion to open 
ureterolithotomy is a possibility, especially with 
intraoperative stone migration, severe adhesions, 
or vascular injury. Persistent urinary leak is another 
complication that is best managed conservatively with an 
indwelling stent. Retroperitoneal hematoma may result 
with damage to gonadal vessels or iliac vessels.!!17"4 
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PRELUDE 


Ganesh Gopalakrishnan 


Nephrectomy refers to a surgical removal of kidney. 
The simple nephrectomy is indicated in patients with 
irreversible kidney damage due to symptomatic chronic 
infection, obstruction, calculus disease, or severe traumatic 
injury and may also be indicated to treat renovascular 
hypertension due to noncorrectable renal artery disease 
or severe unilateral parenchymal damage caused by 
nephrosclerosis, pyelonephritis, reflux dysplasia, or 
congenital dysplasia of the kidney.'* 

The radical nephrectomy is the treatment of choice 
for localized renal cell carcinoma (RCC) and some times 
similar surgery may be indicated to treat locally advanced 
RCC and metastatic RCC which may be referred as 
palliative nephrectomy or debulking surgery. 

About half of the RCC cases, nowadays are detected 
incidentally. Incidentally detected tumors tend to be 
smaller and of lower stage, resulting in better survival rates, 
lower recurrence rates, and lower metastasis rates than 
RCC detected in symptomatic patients. The symptomatic 
RCC presents at a significantly higher stage and grade, and 
tumors are substantially more aggressive than incidentally 
discovered lesions, particularly at later stages.“ 

Most of the renal masses are renal cysts. The patients 
present with a renal mass in association with macroscopic 
hematuria, flank pain, or a palpable mass, the chance of 
the mass being renal cell cancer is approximately 50%. 
Renal masses also may be due to angiomyolipoma, renal 
pelvic tumors, and other benign lesions, all are relatively 
uncommon, accounting for approximately 5% of all renal 
masses among asymptomatic patients.*° 


INDICATIONS 


The radical nephrectomy remains the procedure of 
choice for surgically resectable RCC. Sometimes radical 
nephrectomy is also indicated in patients with metastatic 
disease in the adjuvant or neoadjuvant setting with 
molecular targeted therapy.'® 


Radical Nephrectomy 


The relapse of RCC may occur in 20-30% of patients 
after radical nephrectomy and the predictors of relapse 
include symptomatic disease, high Fuhrman grade of 
tumor, high pathological stage, microvascular invasion, 
lymph node involvement and necrosis. Neither the post- 
nephrectomy radiation therapy nor adjuvant interferon- 
alpha administration delays relapse or increase overall 
survival rates compared with observation alone. Currently 
molecular targeting therapy to control and inhibit 
angiogenesis, the sunitinib, bevacizumab, pazopanib and 
temsirolimus have been approved as front-line agents and 
they have largely replaced cytokines (immunotherapy) in 
treatment of naive patients.'>° 

The nephron sparing surgery (NSS) provides 
curative treatment that is as equally effective as radical 
nephrectomy in patients who have a single, small (< 4 cm 
in diameter), unilateral, localized RCC. The NSS is also 
becoming increasingly recognized as effective treatment 
for small, selected, incidentally discovered tumors, even 
when the contralateral kidney is normal. Currently NSS 
is recommended for tumors up to 7 cm in diameter, 
particularly for polar tumors that do not extend into the 
renal hilum. For this reason the standard care for the RCC 
today is, NSS. 

The NSS bears a small risk (1-6%) of local tumor 
recurrence due to undetected microscopic multifocal RCC 
in the remnant of the operated kidney. Nephron sparing 
surgery is also associated with a higher risk of bleeding and 
urine leak but despite this higher complication rate, saving 
the normal nephrons in the kidney reduces the risk of 
impaired kidney function and its associated complications.’* 

Currently, laparoscopic partial nephrectomy is 
increasingly used for its faster convalescence than open 
partial nephrectomy. But, it is associated with higher rates 
of positive margins, major intraoperative complications, 
and urologic complication rates. The laparoscopic 
nephron-sparing surgery should be reserved for patients 
with small exophytic tumors and should be performed by 
a well-trained laparoscopic urologist.” ° 
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HISTORY OF THE PROCEDURE 


In 1869, Gustav Simon performs the first planned 
nephrectomy. Robson described radical nephrectomy and 
the improvement in survival with the procedure in 1963. R 
Clayman performs the first laparoscopic nephrectomy at 
Washington University in 1990.'* 


WORK-UP 
Presentation 


Classically the RCC is diagnosed after any or all of the 
classic triad of symptoms, i.e. flank pain, palpable mass, 
and hematuria, has been investigated. Currently, with 
the increased use of imaging techniques over the past 2 
decades, most of RCC cases are identified incidentally 
after investigation for unrelated abdominal pain or other 
nonurologic symptoms. 


Laboratory Studies 


Thepatients should undergoa general work-up and metastatic 
evaluation prior to considering radical nephrectomy and this 
includes urine analysis, complete blood cell count, kidney 
function tests, liver function tests, serum calcium assessment, 
and bleeding profile, etc. as required. 


Imaging Studies 


The abdominal computed tomography (CT) scan is an 
important part of the presurgical evaluation of the renal 


tumor, which may provide accurate information about 
tumor size, location and any invasion of renal collecting 
system or perirenal fat. Computed tomography may 
provide information about anatomy of the contralateral 
kidney and correctly reveals renal vein involvement in 
82-95% of cases and vena caval involvement in 95-100% 
of cases. Multislice CT can provide excellent angiogram 
which provides additional help during NSS.1°° 

When involvement of the inferior vena cava (IVC) 
is suspected, magnetic resonance imaging (MRI) is 
performed to demonstrate the presence and the distal 
extent of inferior vena caval involvement.’ 

In patients with bone pain or elevated serum alkaline 
phosphatase levels, a bone scan is also sometimes 
required, along with chest radiography and abdominal CT 
scanning (Fig. 116.1). 

Noncontrast CT is performed when the renal function 
is impaired or the patient has a contrast allergy. The chest 
CT scanning is performed for all cases in some centers. 
Alternatively, CT chest is performed when the chest 
radiography findings are abnormal or when the patient 
has respiratory symptoms (Fig. 116.2). 


Renal Isotope Scan 


Routine renal isotope scan is needed to understand 
which kidney is dominant. This is important because if 
the cancer bearing kidney is the dominant kidney, NSS 
should be tried to preserve as much as nephron possible 
to prevent the chronic kidney disease following a radical 
nephrectomy. Oncological safety should be confirmed 
with frozen section during the surgery. The isotope 


Fig. 116.1: Computed tomography scan showing a solid renal mass in the left side 
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Fig. 116.2: Computed tomography of the chest showing 
multiple secondaries from renal cell carcinoma 


scan is also indicated when the contralateral kidney 
appears smaller or is atrophied because this may change 
the management approach to partial nephrectomy in 
some patients. 


TECHNIQUE OF RADICAL NEPHRECTOMY 


The radical nephrectomy of the kidney is the treatment 
of choice for stage I, II, and some stage III tumors. The 
radical nephrectomy may include ligating the renal artery 
and vein, removing the kidney outside the Gerota’s fascia, 
removing the ipsilateral adrenal gland, and performing a 
complete regional lymphadenectomy from the crus of the 
diaphragm to the aortic bifurcation.** 

Surgical approach for radical nephrectomy may 
include either a transperitoneal incision (extended 
or bilateral subcostal and thoracoabdominal) or 
an extraperitoneal incision, depending on the size 
and location of the tumor and the patient’s habitus. 
Arrangement of the cardiopulmonary bypass with 
deep hypothermic circulatory arrest is used and 
performed in patients with supradiaphragmatic tumor 
thrombi involvement. 

Most commonly used incisions, such as anterior 
subcostal, thoracoabdominal and retroperitoneal flank 
approaches, are preferred. Principal advantage of the 
abdominal approach is that exposure in the area of the 
renal pedicle is excellent but also caries a disadvantage, 
that may be associated with somewhat longer period 
of postoperative ileus and intra-abdominal adhesions 
(Fig. 116.3). 
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Fig. 116.3: Renal cell carcinoma—a specimen following radical 
nephrectomy 


Removal of the Adrenal Gland 


Inclusion of the adrenal gland has been advocated in 
upper polar tumor, because the gland is enclosed within 
the Gerota’s fascia and because ipsilateral adrenal 
metastasis occurs in 2-10% of most reported series. The 
risk of adrenal metastasis is related to the malignant 
potential of the primary tumor and its size and position. 
The need for routine ipsilateral adrenalectomy currently is 
under debate. In cases of the mid polar and lower tumor, 
the adrenal may be spared.'3°")"? 


Role of Regional Lymphadenectomy 


The role of regional lymphadenectomy in patients with 
localized kidney canceris controversial. The regionallymph 
node metastasis in RCC always carries a poor prognosis. The 
patients with RCC with lymphatic metastasis commonly 
demonstrate synchronous or metachronous distant 
metastasis; thus, regional lymphadenectomy is of no 
benefit. But lack of randomized controlled studies, current 
data suggests that some patients can benefit from regional 
lymphadenectomy, especially the subset of patients with 
micrometastatic lymph node involvement.'3°!)” 


PREOPERATIVE PREPARATION 


Adequate history and physical examination and all 
routine investigations are performed routinely prior to 
radical nephrectomy and may include electrocardiogram 
(ECG), echocardiogram, chest radiography, complete 
blood cell count, liver function test, blood coagulation 
profile and electrolyte profile with blood urea nitrogen 
and creatinine levels. 
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Assessment of pulmonary function and blood gas 
analysis is necessary in patients in whom impaired 
respiratory function is suspected. During the operation, 
a flank position with lateral flexion of the spine can 
decrease ventilatory capacity and venous return, resulting 
in hypotension and hypoxia. For the patients who have 
compromised respiratory function but needing radical 
nephrectomy, the anterior surgical approach with the 
patient in the supine position may be beneficial. Routine 
protocol of preoperative breathing exercises, alleviation 
of bronchospasm, and cessation of smoking helps prevent 
postoperative cardiorespiratory problems. The patients 
should be asked about any use of all drugs, e.g. aspirin that 
may influence blood clotting. Antiplatelet drugs may be 
discontinued 5 days prior to surgery.’3°"!? 

Proper imaging studies of the urinary system is a 
mandatory study before a nephrectomy and may involve 
CT scanning and CT angiogram, ultrasonography, 
MRI reveals the location of the kidneys; any anatomic 
variations such as a duplicated ureter, horse-shoe kidneys, 
or multiple arteries or veins; and associated pathology 
such as renal stones, transitional cell carcinomas of the 
bladder or ureter, and possible lesions of the contralateral 
(i.e. remaining) kidney. 

The CT scan with CT angiogram is the most cost- 
effective method of evaluating a suspected renal mass 
lesion and is currently the method of choice for detecting 
and staging renal carcinoma. Routine use of differential 
renal function is often assessed noninvasively with 
computerized isotope renography (renal scan) using 
radioactive iodine (Iodine 131) or Technetium-99m. 
This is important to determine the dominant kidney and 
if the dominant kidney is to be removed then the issue 
of impending renal function deterioration should be 
addressed before and after the surgery. 


Preoperative Percutaneous Embolization 


When a thrombus is present in IVC, preoperative 
embolization of the kidney often shrinks the thrombus, 
facilitating intraoperative removal. The use of preoperative 
percutaneous embolization of the kidney is occasionally 
reserved for patients with vey big tumor with vena cava 
thrombus and if medial extension of the tumor interferes 
with early ligation of the renal artery. This angioinfarction 
commonly leads to transient flank pain, which requires 
analgesic medication. The procedure may not provide 
advantage to the surgeons during surgery in terms of less 
bleeding as the RCC quickly develops collaterals and true 
infraction may not be seen and as such the renal artery 
embolization does not provide any measurable benefit in 


reducing blood loss. Moreover, it may be associated with 
increased major perioperative complications. 


TECHNIQUES OF OPEN RADICAL NEPHRECTOMY 


In most centers anterior subcostal, thoracoabdominal, 
or flank approach is used depending on the size and 
location of the tumor and the habitus of the patient. The 
extraperitoneal flank approach is usually preferable when 
the kidney is chronically infected, or when the patient 
is obese, or when multiple prior abdominal or when a 
possible NSS is also considered for which operations have 
been performed. 

Transperitoneal subcostal incision is used to resect 
most renal tumors because exposure to the great vessels 
through this approach is excellent but a large upper-pole 
tumor is best approached via the thoracoabdominal 
route. Following the peritoneal cavity is entered; the 
intra-abdominal contents are inspected for any evidence 
of metastatic disease. Peritoneal reflection is incised 
along the line of Toldt, thus mobilizing the ascending or 
descending colon in the right or left side respectively.” 

While operating on the right side, the vena cava is used 
as a reference landmark and can be followed upward to 
the point where the left renal vein enters. It is easy and 
convenient that before dealing with the renal vessels, 
ligating and dissecting the gonadal vein at the point where 
it enters the vena cava. Following this the identification 
and dissection of the renal vein and artery become easy 
and can be clipped or ligated and divided. It is important 
to clip the renal artery before the vein whenever possible 
to prevent the stagnation of blood.'3°")” 

Renal vein should be palpated for a tumor thrombus, 
if present. The tumor thrombus can sometimes be milked 
back towards the kidney as the renal vein is ligated closer 
to the vena cava. When the tumor thrombus cannot be 
manipulated, a vascular clamp must be placed at the 
junction of the renal vein and IVC, then the renal vein 
is divided and the thrombus is resected. Stump of the 
renal vein or caval incision is sewn 4/0 proline. The 
management of tumor thrombus within the IVC depends 
on the cephalad extent of the thrombus and the presence 
or absence of invasion into the IVC. 

Following the vascular control, the Gerota’s fascia 
surrounding the kidney and adrenal gland is dissected 
away from the surrounding structures using sharp and 
blunt dissection, as needed. Ureter and gonadal vein are 
mobilized bluntly to the level of bifurcation of the aorta 
and each is clamped and ligated. 

For better mobilization, the upper pole of the 
kidney is pulled down to expose the adrenal gland, and 
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Fig. 116.4: Resected specimen of renal cell carcinoma showing 
the entire renal tissue has been replaced by the cancer tissue 


Fig. 116.5: A specimen of radical nephrectomy 


the connective tissue and peritoneal attachments are 
progressively divided. The dissection may begin laterally 
along the posterior body wall toward the crus of the 
diaphragm and the cranial connections to the adrenal 
gland are divided carefully between clips. When operating 
on the left-sided tumors, the splenocolic and lienophrenic 
attachments are divided to allow the spleen to be swung 
up out of the way; otherwise, the spleen may be injured 
during a left nephrectomy from an anterior approach. At 
this stage the kidney is removed from the retroperitoneum 
and the defect in the mesocolon is closed to prevent 
internal hernias (Figs 116.4 to 116.6). 

When the colon or the spleen is involved, removing the 
organ is a logical decision. All patients undergoing a radical 


Fig. 116.6: A specimen of radical nephrectomy (split open) 


nephrectomy should have a mechanical and antibiotic 
bowel preparation. A segmental colon resection and 
primary anastomosis should be possible in most cases. 

If there is an invasion of the liver, right hepatectomy and 
right nephrectomy En bloc by controlling the hilar structures 
on the right side may be considered. In a situation when 
the tail of the pancreas is involved from left-sided kidney 
cancer, perform simple resection of the tail of the pancreas 
and oversewn the pancreatic duct, covering the resected 
area with greater omentum is an established procedure. 


POSTOPERATIVE COMPLICATIONS 


The intraoperative complications may include injury to any 
gastrointestinal organs (e.g. liver, spleen and pancreas) or 
to any major blood vessels (e.g. aorta, IVC). Pleural injuries 
can result in pneumothorax. 

The postoperative complications, such as myocardial 
infarction, cerebrovascular accident, congestive heart 
failure, pulmonary embolism, atelectasis, pneumonia, 
and thrombophlebitis, can be reduced with adequate 
preoperative preparation, avoidance of intraoperative 
hypotension, appropriate blood and fluid replacement, 
postoperative breathing exercises, early mobilization, and 
elastic support of the legs, both during and after surgery. 
The postoperative complications may also include 
secondary hemorrhage from the renal pedicle or any 
unrecognized injury, atelectasis, ileus, both superficial 
and deep wound infections, temporary or permanent 
renal failure, and incisional hernia. 1361112 

Following radical nephrectomy, the opposite normal 
kidney undergoes compensatory hypertrophy, and the 
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glomerular filtration rate is ultimately maintained at 75% 
of the normal value and normal life expectancy can be 
achieved after a unilateral nephrectomy with a normal 
contralateral kidney.'*°!!” 


OUTCOME AND PROGNOSIS 


About 4-10% of patients with RCC have tumor thrombus 
extending into the IVC, and 1% have tumor involving the 
right atrium. The prognosis for patients with resectable 
inferior vena caval extension without vena caval wall 
invasion or lymph node involvement approaches that of 
stage-I cancer. In these situations an aggressive surgical 
approach provides the only hope for a potential cure. 

It is an important observation that the lymph node 
involvement and metastases are adverse predictors of 
survival. The patients with stage-IV disease and with 
distant metastasis have a 5-year survival rate of less 
than 10%. Metastases, particularly hepatic metastases, 
recognized at the time of surgery are associated with 
poor outcomes. Unfortunately, metastases after complete 
surgical resection are not uncommon (Fig. 116.7). 

It has been seen that the relapse occurs in 20-30% 
of patients with completely resected RCC after radical 
nephrectomy." 

The radical nephrectomy can remove paraneoplastic 
syndromes, hemorrhaging, and tumor pain and 
paraneoplastic syndromes associated with RCC. They may 
include the following: anemia, elevated sedimentation 
rate, fever hypercalcemia, erythrocytosis, hypertension, 
elevated human chorionic gonadotropin levels, Cushing’s 
syndrome cachexia, weight loss." 


CONCLUSION 


Treatment of renal cancer is a dynamic subject. A decade 
ago, classical radical nephrectomy was the standard 
care for RCC. Today the recommendation of NSS is the 
state-of-the-art treatment in organ confined renal cell 
cancer and tomorrow the state-of-the-art technology 
may be a percutaneous technique with high-intensity 
focused ultrasound (HIFU), radiofrequency ablation 
(RFA), etc. 

The laparoscopy is gaining worldwide acceptance in the 
treatment of organ-confined renal cancer. Both laparoscopic 
radical nephrectomy and laparoscopic nephron-sparing 
proceduresare viable alternatives to traditional open, radical, 
and partial nephrectomy surgeries.” The advantages of 
laparoscopic radical nephrectomy over open nephrectomy 
include decreased need for postoperative analgesic drugs, 
shorter hospital stay and shorter convalescence period. 
The laparoscopy appears to offer the similar oncological 
control results as open surgery, with comparable disease- 
free survival at 5 years and, recently, at 10 years.'*'® 

Renalablative energysourceslike high focusedultrasound 
energy, cryosurgery and radiofrequency are emerging as 
the newest techniques for treating locally confined renal 
cancer and the advantages are that it may be used through 
percutaneous approach under CT orultrasoundimage guide. 
A limited experience has demonstrated their effectiveness in 
treating small peripherally located tumors, with minimum 
morbidity and a favorable outcome and these therapies are 
performed in patients who are not fit for surgery. Nephron 
sparing surgery is still considered the criterion standard for 
these small tumors.”°** 


Fig. 116.7: Local metastasis following radical nephrectomy 
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Sorafenib and sunitinib are vascular endothelial growth 


factor receptor inhibitors that are now Food and Drug 
Administration (FDA) approved for treating metastatic 
RCC. They have demonstrated promising initial results 
and can be used before or after radical nephrectomy, 
depending on the patient’s general health. Other targeted 
treatments have been through phase II and III trials, with 
promising initial results.“ 
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PRELUDE 


Prem Nath Dogra 


Keystone of management of testicular tumor is radical 
orchiectomy. It is indicated in the management of a 
suspected testicular tumor. Testicular tumor is suspected 
in any patient with the physical findings of painless, firm 
and irregular mass arising from the testicle. It generally 
affects young men between puberty and the age of 35 years. 
Treatment of testicular cancer incorporates a number of 
modalities, including radical orchiectomy, retroperitoneal 
lymph node dissection (RPLND) chemotherapy and 
radiation. 


ETIOLOGY OF TESTICULAR CANCER 


Undescended testis is associated with a relative risk of 
testicular cancer at a rate of 3-14 times the baseline risk. 
It has been reported that approximately 9% of patients 
with testicular cancer have a history of cryptorchidism. In 
genetic predisposition, history of contralateral testis for 
detecting cancer may play a vital role. 


PATHOLOGY OF TESTICULAR CANCER 


Three age groups predominantly become the target group. 
Boys aged 0-10 years, men aged 20-40 years (teratoma) 
and men older than 60 years (seminoma). Out of all 
primary testicular malignancies, 90% are of the germ cell 
type, which are as following: 

e Seminoma (40%) 

e Nonseminomatous germ cell tumor 

e Embryonal carcinoma (20-25%) 

e Teratocarcinoma (25-30%) 

e Teratoma (5-10%) 

e Pure choreocarcinoma (1%). 


DIFFERENTIAL DIAGNOSES 


Solid mass in the body of the testis includes germ cell 
tumor, epidermoid cyst, adenomatoid tumor, carcinoid, 


Radical Orchiectomy 


Leydig cell tumor, Sertoli cell tumor, gonadoblastoma and 
tuberculosis all of the above clinical conditions may be 
confused with testicular tumor. 


PRESENTATION OF TESTICULAR CANCER 


Solid mass in neck may be due to supraclavicular node 
metastasis. Pulmonary metastases from testicular cancer 
may present as respiratory symptoms. Retroduodenal 
metastases may cause nausea, vomiting and lumbar back 
pain. Low back pain may also be due to psoas or nerve 
roots compression (retroperitoneal disease). Severe bone 
pain may be from skeletal metastases. In extensive lymph 
node metastasis unilateral and/or bilateral leg swelling 
may be seen. Systemic endocrine manifestation may 
produce painful or painless enlargement of the breast. 

All patients present with a testicular mass, should 
undergo a detail physical examination involving 
inspecting the body of the testicle and epididymis and 
then assessing for the presence of a mass arising from 
the body of the testicle. On palpation, testicular tumors 
tend to be painless, firm and irregular masses and do not 
themselves transilluminate, but they can be associated 
with a hydrocele that does. Abdominal examination 
should always be performed to rule out nodal disease or 
visceral involvement. Supraclavicular lymph nodes and 
the breast should be examined to rule out lymph node 
metastasis and gynecomastia. 


INDICATIONS FOR RADICAL ORCHIECTOMY 


The radical orchiectomy is indicated in the management 
of a suspected testicular tumor. Any patient with the 
physical findings of a painless, firm and irregular mass 
arising from the testicle should be investigated thoroughly. 
Testicular tumors demonstrate hypoechoic hypervascular 
intratesticular lesions on Doppler ultrasonography of the 
scrotum. Increased or elevated levels of alpha-fetoprotein 
(AFP) and/or human chorionic gonadotropin (hCG) 
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should also suggest a testicular tumor (germ cell type). Ifa 
patient presents with testicular enlargement but a history 
consistent with an orchitis, then, obviously antibiotic 
therapy would be indicated prior to surgery. 


WORK-UP 
Laboratory Studies 


Obtain serum tumor markers of AFP, beta-hCG and lactic 
acid dehydrogenase (LDH). 

Alpha-fetoprotein is produced by pure embryonal 
carcinomas, teratocarcinomas and yolk sac tumors. It is 
not produced by choriocarcinomas or pure seminomas. 

Beta-hCG is produced by all choriocarcinomas and 
40-60% of embryonal carcinomas. Patients with pure 
seminomas, 5-10% have elevated B-hCG levels. 

At least one of these markers is elevated in 60% of 
patients with testicular cancer. Among patients with 
nonseminomatous germ cell tumors (NSGCTs), 50-70% 
have elevated AFP levels, 40-60% have elevated beta-hCG 
levels, and levels of one or both markers are elevated in 
90% of patients with testicular cancer. 


Imaging Studies 


Use of scrotal ultrasound is an important non-invasive 
diagnostic tool. Germ cell tumor of the testis appears as an 
intratesticular hypo-echoic lesion, irregular in shape and 
heterogeneous in density. “Burnt out” tumors appear as 
few microcalcifications in a sclerotic area. On ultrasound 
intratesticular microlithiasis represents testicular 
carcinoma in situ (CIS). 

Doppler ultrasonography of the scrotum is the 
criterion standard in the evaluation of testicular masses. 
Hypoechoic intratesticular lesions, sometimes with 
demonstrable hypervascularity, suggest testicular cancer. 
Chest radiography is performed in these cases. 

Abdominal and pelvic computed tomography (CT) 
scan is the most effective way to identify retroperitoneal 
lymph node involvement. It can reveal abnormal 
retroperitoneal structures as small as 3 mm; however, 
definitively diagnosing lymph nodes smaller than 1 cm 
may be difficult. 


Fine Needle Aspiration Cytology in Testicular Cancer 


Fine needle aspiration cytology (FNAC) of testicular 
tumors is generally not recommended as it is useful only 
if it is positive, exact typing (seminoma versus NSGCT) 
is not reliable on FNAC and due to the theoretical risk of 
needle tract recurrence. Fine needle aspiration cytology 


is valuable in metastatic sites like retroperitoneum 
or neck nodes. All suspected testicular tumor should 
be explored by inguinal route and if necessary frozen 
section confirmation or otherwise should be obtained 
(Chevassu’s maneuver). 


SURGERY 


The patient is placed in the supine position. Preparation 
of the skin and draping of the penis, scrotum and lower 
abdomen is performed after giving anesthesia. 

An incision is made in the skin 2 cm superior and 
parallel to the inguinal ligament, following the line 
connecting the internal and external rings (Fig. 117.1). 
When the testicular mass is too large to be delivered 
through this incision, then the incision can be extended 
toward the scrotum. 

The external oblique fibers and external inguinal 
ring is identified and the incision is extended along the 
direction of the fibers from the external inguinal ring. 
Identification and mobilization of the ilioinguinal nerve is 
done and isolated so as not to resect it during the radical 
orchiectomy. Dissect free the spermatic cord along its 
length. 

Isolation of the spermatic cord at the pubic tubercle 
is made. At this stage a vascular clamp is applied on 
spermatic cord. Stretching of the point of entry of the cord 
into the scrotum is performed with a finger and delivers the 
testicle into the operative site. Identify the gubernaculum 
and then clamping, division and ligation was performed. 
Confirmation the diagnosis is made with inspection. 
Frozen section is rarely necessary ifin confusion. 


Fig. 117.1: Right radical orchiectomy. Note the inguinal 
approach and the use of the tourniquet 
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Sometimes, the diagnosis is unclear, even when the 
testicle has been delivered. Removal of the testicle in cases 
of uncertainty may be justified because the risks of replacing 
a testis tumor outweigh the impact of losing one testicle. 

The spermatic cord is ligated in two portions (a vascular 
portion and the vas deferens) by doubly clamping, 
dividing and ligating above the vascular clamp. Spermatic 
cord must be ligated as close as possible to the internal 
ring to facilitate complete removal of cord tissue, in case 
a later RPLND is required. It may be logical to leave long 
silk sutures on the cord to allow identification of the cord 
stump. The resected testis is removed from the operative 
field and sends it for pathology. The wound and especially, 
the scrotum carefully inspected for adequate hemostasis. A 
testicular prosthesis may be placed into the hemi scrotum 
at this stage. At this stage the wound is closed in layers.™* 


Postoperative Care 


Postoperatively, the authors recommend bed rest for 
24 hours, scrotal fluffs or a jock strap for 2-3 days, and 
resumption of routine activities after 2-3 weeks. 


Follow-Up 


Follow-up depends on the type of tumor and the treatment 
used. Common scenarios include the following: 


Seminoma 


e Low-stage seminomas (I, IIA and IIB) are treated with 
radiation, and higher-stage seminomas (IIB, IIC and 
III) are treated with chemotherapy. 

e Every 2 months for the first year and every 3 months for 
the second year, perform a physical examination, chest 
radiography and evaluation of tumor markers. 

e Perform CT scan in every 4 months for the first 2 years 
and every 6 months for a minimum of 5 years. 


Surveillance of Patients with Nonseminomatous 
Germ Cell Tumors 


e Perform a physical examination, chest radiography 
and evaluation of tumor markers every month for the 
first year and every 2 months for the second year. 

e Perform CT scan in every 3 months for the first 2 years 
and every 6 months for a minimum of 5 years. 


COMPLICATIONS 


Complications associated with this procedure include 

the following: 

e Bleeding, resulting in 
retroperitoneal hematoma 

e Infection of the wound 

e fTlioinguinal nerve injury, resulting in hypoesthesia of 
the ipsilateral groin and lateral hemiscrotum. 


scrotal hematoma or 


OUTCOME AND PROGNOSIS 


Seminoma 


Following the radical orchiectomy and external-beam 
radiation therapy, the 5-year disease-free survival rate is 
98% for stage I tumors and 92-94% for stage IIA tumors. 
The patient with higher-stage disease that has been treated 
with radical orchiectomy followed by chemotherapy, the 
5-year disease-free survival rate is 35-75%. 


Nonseminomatous Germ Cell Tumors 


For stage I tumors, which are treated with radical 
orchiectomy and RPLND, the 5-year survival rate is 96- 100%. 
For low-volume stage II disease, which is treated with radical 
orchiectomy and chemotherapy, the 5-year disease-free 
survival rate is 90%. For bulky stage II disease, which is 
treated with radical orchiectomy followed by chemotherapy 
and RPLND, the 5-year disease-free survival rate is 55-80%.°° 


Scrotal Violation 


Inguinal orchiectomy is the standard treatment for 
suspected testicular carcinoma. Scrotal violations that 
occur during scrotal orchiectomy, open testicular biopsy 
and fine-needle aspiration may compromise the patient’s 
prognosis. As such, patients with a scrotal violation often 
are subjected to potentially morbid local therapies. 

Controversies and much of the current discussion in 
managing scrotal violation stems from a 1925 article by 
Dean, who reported a 24% local recurrence rate after simple 
orchiectomy. The validity of this report has been questioned, 
and numerous articles have suggested that scrotal violation 
may not necessarily confer a worse prognosis. 

Classical inguinal orchiectomy and high spermatic 
cord ligation remain the standard of care for diagnosis 
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and initial management of testicular cancer. The scrotal 
violation alone, without tumor contamination, does not 
impart a worse prognosis in patients with testicular cancer. 
If there is no gross tumor spillage, close observation alone 
may be adequate management for scrotal violation.’ 
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INTRODUCTION 


The varicocele is an abnormal enlargement of the vein that 
is in the scrotum draining the testicles. The blood supply 
of the testis originate in the abdomen and course down 
through the inguinal canal as part of the spermatic cord. 
Upward flow of blood in the veins is ensured by small 
one-way valves that prevent backflow. The faulty valves, 
or compression of the vein by a nearby structure, may 
cause dilatation of the veins near the testis, leading to the 
formation of a varicocele.'* 


Mir Ehteshamul Haque 


CAUSE 


Primary varicocele occurs when the valves within the 
veins along the spermatic cord do not work properly. The 
pathophysiology of the varicocele the same process as 
varicose veins, which are common in the legs. This results 
in backflow of blood into the pampiniform plexus and 
causes increased pressures, ultimately leading to damage 
to the testicular tissue. 

The varicoceles develop slowly and remain 
asymptomatic. They are most frequently diagnosed when 
a patient is 15-30 years of age, and rarely develop after the 
age of 40. They occur in 15-20% of all males, and in 40% of 
infertile males. 

Almost 98% of primary varicoceles occur on the left 
side (Fig. 118.1), apparently because the left testicular 
vein runs vertically up to the renal vein,® while the right 
testicular vein drains directly into the inferior vena cava. 
Right sided varicoceles are rare and should prompt 
evaluation for an abdominal or pelvic mass. 

The secondary varicocele is due to compression of 
the venous drainage of the testicle. Pelvic or abdominal 
malignancy is a definite concern when a right-sided 
varicocele is newly diagnosed in a patient older than 
40 years of age. Secondary varicocele may occur due to 
so-called “Nutcracker syndrome,’ a condition in which 
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Fig. 118.1: Varicocele left-sided 


the superior mesenteric artery compresses the left renal 
vein, causing increased pressures there to be transmitted 
retrograde into the left pampiniform plexus.’ 


PATHOPHYSIOLOGY 


Varicocele specifically refers to dilatation and tortuosity 
of the pampiniform plexus, which is the network of 
veins that drain the testicle and this plexus travels along 
the posterior portion of the testicle with the epididymis 
and vas deferens, and then into the spermatic cord. ‘This 
network of veins coalesces into the gonadal veins. Right 
gonadal vein drains into the inferior vena cava while the 
left gonadal vein drains into the left renal vein at right 
angle to the renal vein, which then drains into the inferior 
vena cava. The small vessels of the pampiniform plexus 
normally range from 0.5-1.5 mm in diameter. Dilatation of 
these vessels more than 2 mm is called a varicocele. 
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DIAGNOSIS 


The palpation of a varicocele can be likened to feeling a 
bag of worm. While the patient is lying down, gravity may 
allow the drainage of the pampiniform venous plexus and 
thus make the mass not obvious. This is especially true in 
primary varicocele and absence may be a sign for clinical 
concern. Ipsilateral testis may or may not be smaller 
compared to the other side. 

The varicocele can be reliably diagnosed with 
ultrasound, which will show dilatation of the vessels 
of the pampiniform plexus to more than 2 mm. Patient 
being studied should undergo a provocative maneuver, 
such as Valsalva test which is designed to increase intra- 
abdominal venous pressure and increase the dilatation 
of the veins. The Doppler ultrasound is a technique of 
measuring the speed at which blood is flowing through the 
vessel. Ultrasound machine that has a Doppler mode can 
see blood reverse direction in a varicocele with a Valsalva, 
increasing the sensitivity of the examination.®’ 

Studies have shown that varicocele is a bilateral disease 
and the diagnosis of the right side is missed by clinical 
examination. The examination should include the color 
flow Doppler performed by highly experienced radiologist 
that will diagnose varicocele by demonstrating back-flow 
in the right and in the left spermatic veins (Fig. 118.2).’ 


TREATMENT 


Medical Treatment 


Change of lifestyle and the profession may have an impact 
in the medical management.’ Progress with L-carnitine is 
seen but not established as a standard-art-of-care.° 


Varicocele Surgery 


Goals of varicocele repair are to relieve pain in symptomatic 
cases and to improve semen parameters, testicular 
function and pregnancy rates in couples with male factor 
infertility associated with varicocele.’ Experience has 
shown that varicocele repair can improve all three of 
these parameters in 60-80% of men. Peoples with large 
varicocele have poorer preoperative semen quality than 
men with small varicocele, but repair of large varicocele 
results in greater improvement than repair of small or 
moderate sized varicoceles. Infertile men with low serum 
testosterone levels, microsurgical varicocelectomy has 
been shown to improve serum testosterone levels. 


Varicocelectomy 


The surgical correction of a varicocele may be performed 
on an outpatient basis. Three most common approaches 
are: 
e Inguinal or groin approach 
e Retroperitoneal or abdominal 
e Infrainguinal/subinguinal 

Patient may be advised to wear a scrotal support for 
some time after surgery. Complications of this procedure 
include wound infection, bleeding or injury to the scrotal 
tissue or structures particularly, injury to the artery that 
supplies the testicle may occur (Fig. 118.3).!° 


Microsurgical Varicocelectomy 


Standard surgical procedures can be performed with 
loupe or microscope magnification.” Benefit of the 


Fig. 118.2: Color Doppler study of left scrotum on lying (left) and on valsalva (right), showing marked dilatation of venous plexus 
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Fig. 118.3: Fifth postoperative day of varicocelectomy 


microsurgical approach to varicocele repairs are reliable 
identification and preservation of the testicular artery 
or arteries, cremasteric artery or arteries and lymphatic 
channels and reliable identification of all internal 
spermatic veins and gubernacular veins. Delivery of 
the testis assures direct visual access to all possible 
routes of venous return, including external spermatic, 
cremasteric and gubernacular veins. Following the 
operation, the venous return is via the vasal veins, which 
drain into the internal pudental system and usually have 
competent valves.'°"! 


Embolization of Varicocele 


Embolization is a minimally invasive treatment for 
varicocele, which involves passing a small guide wire 
through a peripheral vein and into the abdominal veins 
that drain in to testes. Over the guide water a small flexible 
catheter is passed in to the gonadal veins. Now, through the 
catheter the sclerotherapy of spermatic vein is performed. 
Following the therapy the increased pressures from 
the abdomen are no longer transmitted to the testicles. 
Testicles then drain through smaller collateral veins. 
Recovery period is short and the risk of complications is 
minimized with overall effectiveness similar to surgery but 
with few recurrence. 

The embolization is an effective treatment for post- 
surgical varicoceles. The recurrence of varicocele is 
not uncommon and the main cause is the presence of 
redundant gonadal veins that provide collateralization 
cause the reappearance of the varicoceles. Current use of 
glues during the embolization is as effective at embolizing 
these collaterals as coils. 


Laparoscopic Varicocelectomy 


Varicocelectomy with laparoscopic technique was 
introduced in the early 1990s as an alternative to the 
Palomo varicocelectomy. The procedure has been 
performed using the intraperitoneal, preperitoneal and 
lumbotomy approaches with almost the same results as 
those obtained with the Palomo procedure. Complication 
rates are relatively low for this procedure except for the 
hydrocele rate, which has been similar to that encountered 
with the open Palomo approach. 

As many as 15% of adolescent males will have clinically 
evident varicoceles. Most of these; however, do not need 
treatment. Varicocelectomy is reserved for those with 
asymmetrical testicular growth, infertility, or pain. The 
laparoscopic technique typically involves three ports. 
The initial camera port is placed at the umbilicus and 
additional ports are placed lateral to the rectus muscle. The 
gonadal veins are flattened by the pneumoperitoneum and 
therefore the artery appears more tubular than surrounding 
structures. After incising through the posterior peritoneum, 
gonadal veins are clipped and transected (Fig. 118.4).!*"° 

Some series report meticulous dissection and salvage 
of lymphatic and arterial vessels; others have promoted 
transection of all vessels, including the artery. One study 
documents that testicular catch-up growth after artery- 
sparing varicocelectomy is the same as with non-artery- 
sparing procedures, therefore questioning the need to 
salvage the gonadal artery. Outcomes after laparoscopic 
varicocelectomy are comparable to those with open 
techniques. 

Recurrence rates are 2-15% depending on technique 
and follow-up. Complications include hydrocele 


formation and injury to the vas deferens as well as those 


Fig. 118.4: Gonadal veins are clipped 
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generally associated with laparoscopic surgery. Unilateral 
laparoscopic varicocelectomy is rarely performed today 
due to the refinements in the subinguinal open technique." 
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PRELUDE 


MA Salam 


Currently, the bladder cancer is axiomatically classified 
into nonmuscle invasive bladder cancer (NMIBC) and 
muscle-invasive bladder cancer (MIBC) disease. The 
radical cystoprostatectomy (bladder and prostate) and 
pelvic lymph node dissection remain the gold standard 
for MIBC. The patients with pT1 disease, particularly those 
with high-risk features [e.g. multifocality, recurrence after 
intravesical therapy, extensive lamina propria invasion, 
concomitant carcinoma in situ (CIS)] are at considerable 
risk of disease progression and may benefit from early 
radical cystoprostatectomy.'? 

First, record of a radical cystectomy dates to the late 
1800s. Marshall and Whitmore described the basic surgical 
principles of radical cystoprostatectomy in 1949. Following 
the neuroanatomic mapping of the pelvic plexus by 
Schlegel and Walsh in 1987, the nerve-sparing cystectomy 
became a surgical option that allowed for preservation of 
sexual function. 


INDICATIONS FOR RADICAL CYSTECTOMY 


There are six indications for radical cystectomy: 

1. The infiltrating MIBC or with low-volume, resectable 
loco regional metastases (stage T2-T3b). 

2. Nonmuscle invasive bladder tumors characterized by 
any of the following: 

e Refractory to cystoscopic resection and intravesical 
chemotherapy or immunotherapy (up to 71% of 
these patients may progress to stage T2 within 5 
years of initial recurrence) 

e Extensive disease not amenable to cystoscopic 
resection 

e Invasive prostatic urethral involvement. 

3. Stage-pT1, grade-3 tumors unresponsive to intravesical 
chemotherapy intravesical bacillus Calmette Guérin 

(BCG) therapy. 


Radical Cystoprostatectomy 


4. Carcinoma in situ refractory to intravesical 
immunotherapy or chemotherapy. 

5. Palliation for pain, bleeding, or urinary frequency. 

6. Primary adenocarcinoma, squamous cell carcinoma 


(SCC), or sarcoma. 


INDICATIONS FOR URETHRECTOMY 


Radical cystoprostato-urethrectomy may be indicated in: 

e Presence of transitional cell carcinoma (TCC) 

e Prostatic stromal invasion 

e Positive urethral margin during radical cystectomy 

e Diffuse CIS of bladder, prostatic ducts, or prostatic 
urethra (a relative indication). 


Contraindications 


The radical cystectomy may be contraindicated in (1) 
bleeding diathesis; (2) evidence of gross, unresectable 
metastatic disease and; (3) medical comorbidities that 
preclude operative intervention (e.g. advanced heart 
disease, poor pulmonary mechanics and advanced age). 


WORK-UP 


Laboratory Studies 


Laboratory studies include: 
e Full blood count and blood chemistry 
e Urinalysis and urine cytology. 

Urine cytology is useful for identifying CIS and high- 
grade tumors but is less useful for low-grade tumors. 
Cellular clumping, a high nuclear-to-cytoplasmic ratio, 
nucleoli and atypia are seen. Sensitivity of cytology for 
grades 1, 2 and 3 disease is 20%, 50% and 90%, respectively. 
The chromosomal abnormalities (chromosomes 3, 7, 9 
and 17) are emerging as possible urine-based adjuncts for 
the diagnosis of bladder cancer. 
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Liver Function Tests and Alkaline Phosphatase 


They are used to evaluate for metastatic spread to liver 
and bone. 


Imaging Studies 


Ultrasonography can be excellent bedside investigation 
for the bladder cancer patients. It clearly shows the filling 
defect in the well filled bladder show the status of the 
upper tract. Unilateral or bilateral hydroureteronephrosis 
in bladder cancer patients may be a clear indication of a 
MIBC (Figs 119.1 and 119.2). 

Computed tomography and urography may reveal 
filling defects or masses in the urinary tract but, frequently 
they may be unable to demonstrate small urothelial 
tumors (Fig. 119.3). Overstaging (20%) and understaging 
(50%) are common if only single study is performed. 

A bone scan is indicated if the patient has symptomatic 
bone pain, elevated calcium levels, or elevated alkaline 
phosphatase levels. 

X-ray or CT of chest should be done as metastatic 
work-up. 

In some centers MRI is used for evaluation of both 
local and metastatic disease; however, its staging accuracy 
is unknown. 

'C-choline positron emission tomography (PET)/ 
CT are under investigation as potential modalities for 
improving preoperative nodal staging. 


Fig. 119.1: Ultrasound scan of a patient with transitional cell 
carcinoma bladder showing huge and multiple growth of tumor mass 


BIOPSY FOR BLADDER CANCER (TRANSURETHRAL 
RESECTION OF BLADDER TUMOR) 


Biopsy of the bladder tumor consists of endoscopic 
resection of tumors under general or spinal anesthesia. 
Transitional cell carcinoma always a trend to extend 
into the lamina propria or deeper in to the muscle and 


Fig. 119.2: Ultrasound scans of the upper tract of the same 
patient clearly showing bilateral hydroureteronephrosis indicating 
this particular case is having muscle invasion and requires a radical 
cystectomy 


Fig. 119.3: Computed tomography urogram showing gross 
filling defect in bladder 
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Resection of tumor 


Complete resection 


Biopsy from the floor of resected area 


QOO 


Specimen number 1 
Type of tumor 
Grade of tumor 


Specimen number 2 
P staging of the tumor 


Fig. 119.4: Principle of endoscopic bladder biopsy. Specimen no 1 contains the entire tumor and the histological examination will 
inform about the histological diagnosis and also determine the grade of the tumor. Specimen no 2 will contain the tissue from the floor 
of the resected area, which should contain detrusor muscle. This sample will determine the stage of the disease 


as such following the removal of the papillary superficial 
tumor, the second specimen of biopsy should include 
deep resection specimens that incorporate muscle of the 
bladder (Fig. 119.4). 

Biopsy of the prostatic urethra may be considered in 
patients at high-risk for urethral disease, e.g. extensive 
CIS, multifocal high-grade disease, disease at or near the 
bladder neck, an abnormal-appearing prostatic urethra. 


Staging 


Upon diagnosis of bladder cancer, accurately staging the 
cancer is essential for instituting appropriate therapy (Figs 
119.5 to 119.7). 


Characteristics 


Disease type 


Stage 


Lymph node stages include the following: 

e Nx- Unknown lymph node status 

e NO0 - No lymph node involvement 

e N1 - One lymph node smaller than 2 cm with disease 

e N2- One lymph node 2-5 cm with disease or multiple 
nodes, none larger than 5 cm 

e N3- Any lymph node larger than 5 cm with disease. 


RADICAL CYSTOPROSTATECTOMY 


Radical cystoprostatectomy involves a bilateral pelvic 
lymphadenectomy and removal of the bladder, peritoneal 
covering, perivesical fat, distal ureters, prostate, seminal 
vesicles, vasa deferentia and sometimes, the membranous 
or entire urethra and can be performed with a traditional 
open technique or can also be performed laparoscopically 
(Fig. 119.8). 


Anterior Pelvic Exenteration 


In female, the radical cystectomy may consist of a bilateral 
pelvic lymphadenectomy, cystectomy, urethrectomy, 
hysterectomy, salpingo-oophorectomy and partial 
anterior vaginectomy. 


Bilateral Pelvic Lymphadenectomy 


Standard lymph node dissection in muscle invasive TCC 
bladder must be bilateral and should include either a 
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T1 (No thickening) 


T3 (Mobile palpable mass) 


Fig. 119.5: Bimanual palpation of the bladder following transurethral resection of bladder tumor offers a good idea about the clinical 
staging. T1 tumor leaves no thickening after resection but in T2 tumor it leaves a thickened area clearly felt on bimanual palpation. 
Mobile palpable mass and hard fixed mass is felt following transurethral resection of bladder tumor in T3 and T4 tumor respectively 


Fat layer 
Muscles 


Fibers, connective 
tissue layer 


Mucosa 


Prostate gland 
Fig. 119.6: Staging of the bladder cancer 


standard or extended template. The pelvic lymph node 
dissection generally includes removal of the bilateral 
external iliac, obturator, internal iliac (hypogastric) 
and common iliac lymph node chains. An extended 
dissection includes all nodes from the standard template 
plus paracaval, interaortocaval, para-aortic and presacral 
lymph nodes. 


TO Ta Ti T2 T3% T3b T4 


Fig. 119.7: Staging of the bladder cancer (magnified view) 


Preoperative Concerns 


Unlike many other surgeries this operation is a major 
undertaking and the following factors should be taken in to 
consideration before radical cystectomy. They mayinclude: 
cessation of smoking, evaluation and optimization of 
cardiopulmonary disease, urine should be sterile, adequate 


760 


Section 16 Operative Urology 


Fig. 119.8: Radical cystoprostatectomy specimen 


intravenous hydration should be ensured. Anemia 
should be corrected and 2-4 units blood transfusion and 
autologous blood donation should be organized, if desired. 
Bowel preparation should be executed, with surgeon’s 
choice. Preoperative antibiotics with bowel flora coverage 
should be arranged. Subcutaneous heparin or pneumatic 
compression stockings should be arranged to prevent the 
deep vein thrombosis (DVT). 

Adequate counseling about the disease, principle of 
treatment and the different options of urinary diversion 
should be made. If a noncontinent urinary diversion is 
decided, the location of the stoma should be explained to 
the patient and marked. 

Neoadjuvant chemotherapy for stage pT2 disease or 
higher may be considered. Neoadjuvant chemotherapy 
is preferred over adjuvant chemotherapy because of 
improved patient tolerance. Disadvantages may include 
toxicity, uncertainty about advantage and cost. 


Incision 


Avertical midline incision is made from symphysis pubis to 
umbilicus. The peritoneum is entered in the upper part of 
the incision line incorporate the urachal remnant into the 
specimen. The pelvic and abdominal viscera are palpated 
and frozen section biopsy samples of any suspicious 
sites are collected. Distal ureters are mobilized, taking 
care to preserve the periureteral tissue that contains the 
vasculature; they are ligated at the ureterovesical junction; 
margins may be sent for frozen section. The Denonvilliers 
space anterior to the rectum and posterior to the bladder, 
prostate and seminal vesicles are entered. ‘The first branch 
of the anterior division of the internal iliac artery (superior 
vesical artery) is ligated and divided on both side repeat 
with the inferior vesical artery.” 


The bladder and prostate is mobilized and dissected 
laterally, anteriorly and posteriorly with sharp and blunt 
dissection to control the superior vesicle and middle 
vesicle pedicle. The vas deferentia or round ligaments is 
identified, ligated and divided. The peritoneal incision 
is extended laterally to expose the aortic bifurcation, 
common iliac arteries and external iliac arteries. 

The posterior pedicle is dissected and controlled with 
clamps and ties or with the gastrointestinal anastomosis 
(GIA) stapler. Use of harmonic scalpel or ligasure can 
provide speed and accuracy in the process of dissection. 

The endopelvic fascia on the lateral edge of the prostate 
is incised and extended towards the apex of the prostate. 
The puboprostatic ligaments are released and will expose 
the dorsal venous complex (DVC). The DVC is controlled 
with 2/0 or 1/0 suture ligatures with round body needle. 

The urethra divides the rectourethralis muscle, and 
the bladder, seminal vesicles and prostate are removed 
en bloc. If an orthotopic is planned, frozen sections of 
the prostatic urethra and prostatic apex are mandatory 
to exclude disease. Confirm hemostasis and then closed 
suction drainage of the pelvis is suggested.*" 


Urethrectomy 


Place the patient in the dorsal lithotomy position. A 
midline perineal incision is made. The urethra and 
accompanying corpus spongiosum are isolated from the 
corpora cavernosum to the fossa navicularis. A ventral 
urethral meatotomy is made, and the urethra is dissected 
from the proximal and distal aspects and removed en bloc 
with the bladder and the prostate. 


Lymphadenectomy 


The external and common iliac vessels are dissected from 
all of the perivascular lymphatic tissue. The obturator 
space is entered and dissected all the lymph nodes from 
the area of accessory obturator vessels and the obturator 
nerve. All lymphatic may be clipped to limit the incidence 
of lymphoceles. Traditional lymphadenectomy template 
borders are as follows: 

e Laterally-genitofemoral nerve on the psoas muscle 

e Superiorly-aortic bifurcation 

e Inferiorly-inguinal ligament, including the node of 

Cloquet 
e Medially-perivesical tissue. 

The extended lymph node dissection, including the 
distal paracaval, distal para-aortic and presacral regions 
can offer better survival benefit and is related to the 
total number of lymph nodes removed, regardless of the 
number of positive lymph nodes (Figs 119.9 and 119.10). 
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Fig. 119.9: Pelvic lymphadenectomy is in progress (removal of 
obturator group of lymph nodes) 


Long-term survival rate of bladder cancer is likely 
related to more accurate pathologic staging. It has been 
seen that limited lymph node dissection (caudal to 
the bifurcation of the iliac vessels) are associated with 
pelvic recurrence rates as high as 30%. Extended pelvic 
lymphadenectomy provides no additional complication 
but long-term survival becomes significantly better (Figs 
119.9 and 119.10). 


RADICAL CYSTECTOMY IN WOMEN 


The radical cystectomy in women is often technically 
easier because women have a larger pelvic cavity. With 
the superior vesical artery is ligated, the uterine arteries 
should also be controlled and the round ligament is 
ligated and divided. The gonadal vessels should be 
secured above the ovaries and the fallopian tubes and 
ovaries are removed, along with the uterus and bladder. 
The vagina is mobilized and incised at the posterior fornix 
along the lateral vaginal wall (Fig. 119.11). 

Dorsal venous plexus anterior to the urethra is 
controlled with suture ligature. Anterior vaginal wall 
is then divided and the entire specimen is removed en 
bloc. Vagina is reconstructed by suturing the lateral walls 
together. Following the vaginal reconstruction a pack may 
be left in the vagina postoperatively for 1-2 days. Urethra 
and vagina-sparing cystectomy is well accepted in selected 
patients based on tumor location.*” 


Nerve-Sparing Radical Cystectomy 


The nerve-sparing radical cystectomy is a technique 
that can preserve the erectile function. The dissection 


Fig. 119.11: Radical cystectomy (anterior exenteration) 
specimen in women 


Fig. 119.10: Pelvic lymphadenectomy is in progress 


is performed in a retrograde manner and the apex 
of the prostate is addressed first, using a technique 
virtually identical to that used for a nerve-sparing radical 
prostatectomy. This procedure is suitable in patient 
superficial TCC or invasive disease that does not involve 
the base of the bladder posteriorly because they have a 
lower risk of disease extension posterolaterally. 

Survival rates of the nerve-sparing radical cystectomy 
are comparable with those of the traditional approach 
in appropriately selected patients. The nerve-sparing 
cystectomy has also been associated with improved 
neobladder continence rates, although the exact 
mechanism is unclear. 
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Laparoscopic or robot-assisted laparoscopic cystectomy 
is an emerging treatment option with early perioperative 
outcomes that suggest less blood loss, potentially earlier 
return of bowel function and apparently similar pathologic 
outcomes. The intracorporeal neobladder or conduit 
construction has been successfully performed in some 
centers, but in most centers create the urinary diversion 
extracorporeally through a miniature laparotomy (Figs 
119.12 to 119.14). 


Fig. 119.12: Picture of the pelvis following the laparoscopic 
radical cystectomy 


ae YS 
Fig. 119.13: Extracorporeal urinary diversion and the incision 
on abdomen for the retrieval of bladder following laparoscopic 


radical cystectomy 


Fig. 119.14: Extracorporeal urinary diversion following 
laparoscopic radical cystectomy 


Patients under went a radical cystectomy may have three 
options: (1) incontinent urinary diversions; (2) continent 
urinary diversions and; (3) orthotopic neobladder. 


Incontinent Cutaneous Urinary Diversion (Ileal Conduit) 


Bricker introduced the ileal conduit in 1950. Following 
the introduction of the procedure, it was accepted as 
a gold standard method of urinary diversion. The ileal 
conduit may have some disadvantage like an external 
stoma, external appliances to be fixed outside the body 
which interferes with the body image and it is costly as the 
appliances are to be changed frequently. The advantages 
of ileal conduit are many folds and which may include, 
technically relatively easy-to-construct and very low 
complication rate on long-term follow-up. 

The conduit of this diversion drains to a cutaneous 
stoma and connected with an external appliance. The 
uretero intestinal anastomoses are freely refluxing. The 
cecum and the terminal ileum are identified and a portion 
of ileum is isolated, avoiding the terminal 25 cm of terminal 
ileum, which is where bile salts are reabsorbed. The small 
bowel is transilluminated using a satellite lamp at right 
angles to the bowel. Use of harmonic scalpel is very much 
useful and the mesenteric vessel can be divided without 
any ligature or clipping and saving time (Fig. 119.15). 

The right ureter is mobilized keeping its vascularity 
intact and the left ureter is tunneled through the sigmoid 
mesocolon. Both ureters are spatulated and anastomosed 
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Fig. 119.15: The technique of isolation of vascularized gut 
segment by holding the gut against the light and using harmonic 
scalpel in dividing the mesenteric vessel is fast and easy as it does 
not require sutures 


Fig. 119.16: Single layer extramucosal interrupted sutures with 
5/0 vicryl guarantee the uninterrupted healing of the gut 


to the ileal segment with absorbable sutures (e.g. 5-0 
Vicryl) separately (Bricker’s technique). It is advisable to 
leave a temporary stent or a baby feeding tube to splint the 
ureterointestinal anastomoses (Fig. 119.16). 

In the Wallace technique of ureterointestinal 
anastomoses, the distal ureteroureteral anastomosis is 
performed prior to the ileal anastomosis. This is technically 
easy and may provide a wider lumen anastomosis; 
however, in the rare occurrence of an anastomotic tumor 
recurrence, it places both kidneys at risk of obstruction.” 

In a premarked position a circular 2.5 cm diameter 
incision is made on the skin and carried down through 
Scarpa fascia and deepened down to the anterior and 
posterior rectus sheath through the rectus muscle so 
that two figures can be passed easily so that it do not go 


Fig. 119.17: The stoma of ileal conduit 


Fig. 119.18: The external appliances in place for ileal conduit 


into stenosis. The free end of the segment of the iliumis 
pulled through the newly formed stoma and a typical 
stoma is created like a “rosebudded” with eversion of the 
end segment of ileum (Figs 119.17 to 119.19). The intra- 
abdominal segment of the conduit may be fixed with partial 
wall by few interrupted sutures to prevent herniation.'°” 


Continent Urinary Diversions (Indiana Pouch) 


Rowland and associates introduced the Indiana pouch in 
1987. Currently this is the most commonly used continent 
cutaneous diversion technique. About 30-40 cm of cecum 
and ascending colon are isolated with approximately 
10 cm of terminal ileum and the colon is detubularized. 
Terminal ileum is plicated to the size of a 14F catheter 
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(hes 
Fig. 119.19: Ureterocutaneous diversion made dry by insertion 


of small Foley's catheter connected by a Y-tube as maintenance 
device 


nf a 
b N 


Fig. 119.20: Construction of the Indiana pouch using the cecum 


with a GIA stapler and the ileocecal valve is buttressed and 
imbricated as a continence mechanism. Cecum is folded 
down, shaped into a spherical reservoir and closed with 
a GI staples or with a running extramucosal suture with 
3/0 absorbable suture. Ureterointestinal anastomoses are 
performed on the posterior colonic wall and stented (Figs 
119.20 to 119.24). 

For additional safety, a cecostomy tube is placed to 
drain the pouch and to provide for postoperative irrigation, 
as needed. With Indiana pouch the estimated rate of 
daytime continence is 93% and nocturnal continence, 76%. 


Orthotopic Neobladders 


The orthotopic neobladders are constructed in the anatomic 
position and anastomosed to the native urethra. Voluntary 


Fig. 119.21: Stoma of Indiana pouch created 
in the umbilicus to offer better body image 


Fig. 119.23: Excretory urogram of a patient with Indiana pouch 
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The complications of orthotopic bladder may include 
day time incontinence (approximately 10% of patients), 
nocturnal incontinence (20%-30%), hypercontinence 
requiring catheterization (approximately 20% in women), 
urinary retention (10%, due to obstruction caused by 
stricture, residual prostate tissue, disease recurrence, 
or mechanical kinking of the urethra or neobladder 
dysfunction), and, rarely, ureterointestinal anastomotic 
stenosis or fistula formation.!°” 

Over the time numerous variations of the orthotopic 
neobladder have been introduced, but the studer-type 
pouch, because of its versatility, is currently used most 
often. Fifty to sixty cm vascularized ileal segment is 
isolated approximately 20 cm proximally to the ileocecal 
valve. From the isolated segment, the distal 40-45 cm of 
bowel is detubularized, folded and fashioned into a pouch 
(Figs 119.26 to 119.30). 


Fig. 119.24: Washing of the Indiana pouch for the preventation 
of complications of continent urinary diversion 


Fig. 119.26: Orthotopic bladder construction in progress 


Fig. 119.25: Principle of the construction of orthotopic bladder 


micturation is achieved by increasing the abdominal pressure 
and relaxing the external sphincter. Orthotopic neobladders 
may be fashioned from ileum, ileocolonic tissue, or sigmoid 
colon. During the radical cystectomy, a special attention must 
be given to protect the urethra, periurethral musculature and 
external urethral sphincter (Fig. 119.25). 

Approximately, 40-60 cm of vascularized ileum is 
isolated and is opened up at its antimesenteric border. Now 
the opened up gut segment is duplicated and folded on its 
long axis and thereby giving a spherical shape. By doing 
this the reservoir becomes large enough to accommodate 
about 500 mL of urine with a very low pressure. Fig. 119.27: Orthotopic bladder reconstruction is completed 
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Fig. 119.28: Bladder reconstruction with gastrointestinal 
stapling technique 


Fig. 119.29: Orthotopic neobladder is anastomosed with urethra 


Ureters are anastomosed on the afferent segment. 
The most dependent portion of the pouch is identified 
and opened up. This dependant stoma of the pouch is 
anastomosed to the urethral stump with interrupted 
absorbable sutures.'*® 

Generally, an ileal conduit is technically the easiest 
and quickest method of urinary diversion to perform. 
The continent cutaneous urinary diversions require 
intermittent catheterization of a small periumbilical 
stoma and obviate the need for a stoma bag. Advantages 
of neobladders include improved body image and the lack 
of a stomal device; however, they are contraindicated in 
some patients, including women with tumor involvement 
of the bladder neck and most men with prostatic stromal 
or urethral involvement. The relative contraindications to 
neobladder include an advanced age (lower continence 
rates), chronic kidney disease and liver dysfunction. The 


Orthotopic 


Orthotopic 


U. bladder U. bladder 


Fig. 119.30: Ultrasonographic picture of orthotopic bladder 


common complications of all types of urinary diversion 
include the following: 

e Hyperchloremic metabolic acidosis 

e Urinary tract infections (UTI) 

e Stomal-peristomal inflammation, hernia, or stenosis 

e Urinary calculi 

e Vitamin B,, deficiency 

e Ureterointestinal stenosis leading to hydronephrosis. 


POSTOPERATIVE CARE 


Judicial and optional use of nasogastric suction and 
stress gastritis prophylaxis is to be used. Broad spectrum 
antibiotics for 3 days to be ensured, DVT prophylaxis 
includes serial compression devices, subcutaneous 
unfractionated heparin, or low molecular weight heparin 
is to be followed. The use of incentive spirometry and chest 
physiotherapy and other physiotherapy should be carried 
out. The abdominal drain is removed when the output is 
less than 20 mL/day. 


Follow-up of Radical Cystectomy Patients 


Since recurrence is a significant risk following radical 
cystectomy, frequent and appropriate surveillance is 
essential. Routine annual review with history, physical 
examination, chest radiography, liver function tests (LFT) 
and alkaline phosphatase assessment should be done for 
the patients with pT1 disease. Patients with pT2 disease 
should undergo the same studies, but they should be 
performed every 6 months for 3 years, then annually. 

The bladder cancer patients with pT3 disease and 
particularly with high grade should be observed similarly 
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to those with pT2 disease, except surveillance should start 
at 3 months, with CT scanning performed at 6, 12 and 24 
months. 

Most importantly all patients with TCC, particularly 
those at higher risk of recurrence (High grade, distal 
ureteral involvement at cystectomy, multiple recurrent 
bladder tumors, CIS), should undergo upper tract 
radiographic studies every year." 


Prognosis of Radical Cystectomy Patients 


Transitional cell carcinoma of the bladder is a notorious 
disease. Following radical cystectomy, the patients with 
pT2 and pT3 disease had recurrence rates of 20% and 
40%, respectively. It may be noted that only 5% of patients 
with pT1 disease had subsequent metastases, and all were 
identified with chest radiography or LFT. All recurrences 
in patients with pT2 or pT3 disease occur usually within 
24 months.”*8 


COMPLICATIONS 


In the past, radical cystectomy carried a significant 
perioperative mortality rate but currently because of 
improvements in surgical technique, the evolution of 
intensive care medicine, and the availability of new 
antibiotics, radical cystectomy isnowacommon procedure 
in major medical centers and carries a perioperative 
mortality rate of approximately 1-2%. 

Most common complications include ileus, atelectasis, 
DVT and wound infection. The rectal injury, ureteroileal 
anastomotic leaks and bowel obstruction are major 
complications, but infrequently seen in high volume 
centers. 

The lymphadenectomy typically carries alow morbidity 
rate. About 5% of patients had prolonged lymphatic 
drainage via drain tube; however, all tubes can be removed 
within 10 days. An extended lymph node dissection does 
not carry any extra complication burdens but carries a 
longer survival.*? 

When the ileum is used for the construction of the 
urinary diversion and orthotopic bladder, the hypokalemic 
hyperchloremic metabolic acidosis, vitamin B,, deficiency, 
fat malabsorption, diarrhea, osteomalacia may be seen 
and should be looked for all these issues during follow-up. 

When the colonic segment is used for the diversion 
or orthotopic bladder, the hypokalemic hyperchloremic 
metabolic acidosis, osteomalacia and mucus production 
are the common problem to be solved. 

During the radical cystectomy, rectal injury results 
from undue excessive traction of the specimen, which 


can cause tenting and avulsion of rectal tissue or direct 
incision into the rectum and in such situation a meticulous 
single layer extramucosal repair may be satisfactory. This 
repair sometimes may be supplemented with or without 
a defunctioning colostomy and manual dialation of anal 
sphincter.*** 


OUTCOME AND PROGNOSIS 


The incidence of lymph node metastases at the time of 

cystectomy ranged from 20% to 30%; patients with positive 

nodes have a 5-year survival rate of 20-35%. Survival of 

patients with nodal disease depends on the following 

factors: 

e Volume of the primary bladder disease 

e Extent of nodal metastases (N1, N2 and N3) 

e Total number of lymph nodes (diseased plus disease- 
free) removed 

e Lymph node density (total number of positive lymph 
nodes divided by total lymph nodes removed) 

e Grade of the disease 

e Presence of CIS 

Survival for a longer time among patients with stage 
pT2-pT3b TCC following radical cystectomy are superior 
to those of any bladder-salvage technique but despite 
radical cystectomy, 50% of patients die from their disease. 
Local recurrence rate among patients with pT3 and pT4 
disease is 5-10% and 15-25%, respectively. 

The 5-year survival rate for radical cystectomy where 
the nodes are not involved: pTa-pT1 85-100%; pT2-63- 
83%, pT3-58%, But in patients where the patients are with 
positive nodes, 10-30% only.*”* 


ALTERNATIVE THERAPY 


Patients with TCC urinary bladder with clinical stage 
T2 and T3 disease, the external beam radiotherapy is 
associated with a 5-year survival rate of 20-40%. The 
bladder-sparing multimodal therapy (transurethral 
resection of bladder tumor, radiation and chemotherapy) 
carries a 3-5-year survival rate of 45-64%. The survival rate 
is not superior, to radical cystectomy, and the cost and 
complications of therapy is much higher for patients. This 
alternate approach is reserved for patients who are highly 
motivated toward bladder preservation knowing all about 
its limitations and problem.*** 
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Hemant B Tongaonkar 


The radical prostatectomy is the gold standard treatment of 
the organ confined to prostate cancer. The nerve-sparing 
radical retropubic prostatectomy remains a reasonable 
treatment option for men with clinically localized prostate 
cancer who have at least a 10-year life expectancy and low 
comorbidities. The radical prostatectomy is a well-tolerated 
procedure that is associated with low morbidity."” 


HISTORY OF RADICAL 
RETROPUBIC PROSTATECTOMY 


In 1947, Millin introduced the retropubic approach to 
prostatectomy and there is distinct advantage over perineal 
prostatectomy for the urologists were more familiar with 
the retropubic anatomy and that the retropubic approach 
permits the ability to perform an extraperitoneal pelvic 
lymph node dissection for staging purposes. 

In early 1980s, Walsh described the technique of nerve- 
sparing radical retropubic prostatectomy. Furthermore the 
anatomic characterization of the Santorini plexus, made 
the operation safe and preserve the quality of life. The 
modifications done in the technique of radical retropubic 
prostatectomy and the introduction of the anatomic 
nerve-sparing method have dramatically decreased the 
frequency of the most concerning associated morbidities— 
incontinence and impotence.** 


Indications of Radical Retropubic Prostatectomy 


The radical retropubic prostatectomy is typically performed 
in men who have early stage prostate cancer means, the 
prostate cancer is confined to the prostate gland and has 
not yet spread beyond the prostate or to other parts of the 
body.’ Staging investigations such as bone scan computed 
tomography (CT) or magnetic resonance imaging (MRI) 
sometimes positron emission tomography (PET) CT to 
identify cancer outside of the prostate.** 


Radical Retropubic 
Prostatectomy 


Contraindications of Radical 
Retropubic Prostatectomy 


The nerve-sparing radical retropubic prostatectomy may 
be indicated in patients with clinically localized disease 
which has low comorbidities and at least a 10-year life 
expectancy.” The patients with preoperative erectile 
dysfunction may not need the nerve-sparing approach 
in patients. The nerve-sparing operation may not be 
indicated locally advanced prostate cancer as a wide 
excision of the lateral pelvic fascia, and the neurovascular 
bundles en bloc with the prostate and ejaculatory organs 
may not be possible.*® 


WORK-UP 


Laboratory Studies 

All routine preoperative laboratory studies are performed 
and may include complete blood count (CBC), blood 
chemistry and urinalysis. Blood grouping also is typed and 
screened. Autologous blood donation may be cost-effective 
and in this setting, the surgeon’s individual technique and 
average blood loss advocates the recommendation. 


Imaging Studies 


Chest radiography, ECG, echocardiography and 
radionuclide bone scan should be performed. 

Review of the literature since the advent of prostate- 
specific antigen (PSA) reveals that a bone scan is not 
always necessary and it is reasonable to perform a bone 
scan in patients with a serum PSA level of more than 20 ng/ 


mL, Gleason score of 7, who have bone pain.’ 


Computed Tomography Scan and Magnetic 
Resonance Imaging Scan 


Computed tomography and MRI both are used to assess 
nodal size to detect possible nodal metastases. The 
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sensitivity of CT scan ranges from 33-50% in the detection 
of nodal disease. The possibility of nodal metastasis is 
estimated using local clinical stage, primary Gleason 
grade, and serum PSA concentration. The above simple 
nomograms can be used to identify high-risk patients, 
in whom CT scanning might be justified. The MRI is also 
highly sensitive imaging modalities, which can pickup the 
nodal status and the local invasion of the prostate cancer.'° 


Positron Emission Tomography 


The prostate cancer is not an active metabolic malignancy, 
and the uptake of 18-fluorodeoxyglucose (FDG) may be 
suboptimal and as such the use of PET scanning in prostate 
cancer is debatable." 


Prostascint Scan 


The CYT-356 antibodyisamonoclonalantibody, recognizes 
prostate-specific membrane (PSM) antigen and can be 
useful for evaluation of nodal and distant metastases in 
prostate cancer. The overall sensitivity is 50-60%. It may 
be used to detect lymph node metastases before radical 
prostatectomy and may have the sensitivity and specificity 
to be approximately 60% and 70%, respectively. It can also 
be used to detect recurrence in previously treated patients 
or to stage patients with poor prognostic parameters (high 
Gleason grade and PSA level, with negative results on bone 
scan and CT scanning) prior to definitive local therapy.” 


PREOPERATIVE CARE 


An accurate preoperative characterization of the cancer 
is essential for a tailored, safe and effective operation. 
The successful outcomes of radical prostatectomy can 
be achieved by using well-established nomograms that 
provide important prognostic information before therapy. 

Combining preoperative PSA, Gleason score and 
clinical stage has increased the ability to predict pathologic 
stage. The concept of this model, was proposed by Partin, 
et al. in 1997, involves these three clinical variables to 
predict pathologic stage, using a multinomial log-linear 
analysis in three major institutions including: (1) The John 
Hopkins Hospital; (2) Baylor College of Medicine and; (3) 
The University of Michigan.” 

Currently, Kattan nomogram is widely used, was 
originally validated in one institution and subsequently 
underwent external validation. By combining clinical 
prognostic factors, it allows the preoperative prediction of 
freedom from recurrence after radical prostatectomy using 
PSA levels as an endpoint and this is recently validated 


in a large community-based cohort from the CaPSURE 
database.”!* 

It is necessary to discuss the risks of the procedure, 
including erectile dysfunction, incontinence, risk of 
transfusion, and other acute surgical morbidities and their 
solutions with the patient, before the operation. All routine 
preoperative preparation is followed. 


Patient Positioning and Incision 


Patients may be positioned supine or in the very low 
lithotomy position to facilitate the use of perineal 
pressure, for exposure. All pressure points are well 
padded. The technique is performed through a lower 
midline incision. A more limited incision of approximately 
7-9 cm is adequate in most patients and is associated with 
less morbidity opposed to longer incisions. The rectus 
abdominis muscles are separated in the midline and the 
retropubic space is entered. 


Prostate Exposure 


Exposure to the prostate is facilitated by use of a “forked” 
blade designed at the University of California, San 
Francisco (UCSF), which is used to retract the previously 
placed Foley’s catheter superiorly thereby exposing clearly 
the endopelvic fascia and anterior surface of the prostate. 
Fibro adipose tissue is removed from the anterior surface 
of the prostate using surgical forceps. 


Incision of the Endopelvic Fascia 


Next, the endopelvic fascia is incised from just lateral 
to the puboprostatic ligaments along the lateral edge 
of the prostate. The incision is carried parallel to the 
neurovascular bundles along the lateral surface of the 
prostate. Fibers of the levator ani are separated from the 
apex of the prostate. 


DIVISION OF THE PUBOPROSTATIC 
LIGAMENTS AND CONTROL OF THE 
DORSAL VENOUS COMPLEX 


The puboprostatic ligaments, which provide anterior 
support of the urethra, are left intact over the urethra, 
but any attachments to the prostate are incised. The 
preservation of the puboprostatic (pubourethral) 
ligaments may facilitate earlier and more complete return 
of urinary continence. 

Medial margin ofthe cut endopelvic fascia and overlying 
dorsal venous complex (DVC) is generally grasped with 
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suture ligated to facilitate exposure of the prostate, prevent 
bleeding from the complex. If a distal suture is placed in 
the DVC at this point, it should include only the overlying 
DVC and not the distal sphincteric continence mechanism 
or the neurovascular bundles if they are to be spared. 


Control of the Dorsal Vein Complex 


A 2-0 or 3-0 absorbable suture may be placed distally at 
the most anterior portion of the dorsal vein complex 
and the needle left on the suture. As the dorsal vein is 
incised, the suture may be used to progressively close the 
cut end of the DVC facilitating hemostasis allowing clear 
visualization of the urethra and proper plane of dissection. 
Care is taken during the apical dissection of the prostate 
to simultaneously preserve the urethral distal continence 
mechanism and excise all prostate tissue. Once the DVC 
has been controlled and incised, the anterior urethral 
surface is identified and divided under control. At this 
point few sutures may be taken through the urethra for the 
future urethrovesical anastomosis. 


Nerve-sparing Radical Prostatectomy 


The nerves and arterial blood supply (neurovascular 
bundles) crucial to potency run posterolaterally along 
either side of the prostate. These bundles may be spared 
during surgery in an effort to preserve potency. The 
neurovascular bundles run deep to the lateral prostatic 
fascia at approximately the 5 and 7 o’ clock position along 
the posterolateral surface of the prostate. 

During nerve-sparing radical prostatectomy, the 
lateral prostatic fascia should be incised anterior to the 
neurovascular bundles and the bundles. Dissection of 
the lateral prostatic fascia is best made not at the apex of 
the prostate, but more proximally near the mid-portion 
of the prostate. Small vascular branches to the prostate 
may be ligated using small clips or 4-0 or 5-0 absorbable 
sutures. The neurovascular bundles are at the most 
risk for damage at the time of urethral dissection and 
transection, ligation of the lateral pedicles and dissection 
of the seminal vesicles.'*1° 


Dividing the Urethra 


Once the neurovascular bundles have been separated 
unilaterally or bilaterally from the prostatic capsule (in 
cases of nerve-sparing surgery), the urethral incision can be 
performed. An anterior incision using a scalpel (15-blade) 
is made and the Foley’s catheter is grasped and pulled into 
the wound before being cut distally. Avoid undue tension 
on the catheter or, the sphincter as either could shear the 


prostatic capsule or damage the continence mechanism. 
The posterior portion of the urethra is incised sharply 
under direct vision with care taken to either include or 
exclude the neurovascular bundles depending on the 
extent of surgery in individual cases. The rectourethralis 
muscle can be cut sharply avoiding the neurovascular 
bundles. These posterior incisions should be carried 
distally and posteriorly enough to include all prostate 
tissue and Denonvilliers fascia in the midline, respectively, 
to ensure complete cancer excision (Figs 120.1 to 120.3). 


Fig. 120.1: Radical prostatectomy in progress. 
Control of the dorsal venous complex 


Fig. 120.2: Radical prostatectomy in progress. 
Mobilization of the prostate toward the bladder 
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Fig. 120.3: The urethral stump is now ready for the 
urethrovesical anastomosis 


Control of the Lateral Pedicles and Seminal Vesicles 


The lateral pedicles (branches of the prostatic and rectal 
arteries) are ligated alongside the prostate, on the lateral 
surface of the seminal vesicles. In those cases where the 
neurovascular bundles are to be preserved, care should 
be taken to ligate the pedicles anterior to the bundles. 
Dissection proceeds superiorly or cranially exposing 
Denonvilliers fascia over the seminal vesicles and 
ampullae of the vas deferens. The fascia is incised, the 
ampullae are clipped or tied before being cut and each 
seminal vesicle is excised in its entirety. Dissection should 
proceed just alongside the seminal vesicle to avoid injury 
to the neurovascular bundles as the pelvic nerve plexus 
lies very close to the seminal vesicles (Figs 120.1 to 120.3). 


Dividing and Closing the Bladder Neck 


The prostate is then separated from the bladder neck 
circumferentially. 3-0 or 4-0 absorbable suture material is 
used to evert the bladder mucosa anteriorly and laterally. 
The bladder neck can be narrowed in a “racket handle” 
fashion, if necessary, using a continuous 4-0 or 3-0 
absorbable suture (Figs 120.3 and 120.4). 


Anastomosis of the Bladder to the Urethra 


The bladder neckis sutured to the urethra using interrupted 
3-0 or 4-0 suture material over a 16 or 18 Fr. urethral 
catheter. Generally 6-8 interrupted sutures are placed. 
Care is taken when placing these sutures posterolaterally 
to avoid injury to the autonomic and somatic innervation 


of the external urinary sphincter and the neurovascular 
bundles. The sutures should include only the cut end of the 
urethra and not the levator musculature or nerve fibers. 


Autologous Fascial Sling 


Patients with increased risk of postoperative urinary 
incontinence, e.g. advanced age, previous radiation, 
cancer at the apex requiring wide excision may be 
candidates for autologous fascial sling placement at the 
time of radical prostatectomy.” Strip of rectus fascia 
measuring approximately 1 x 8 cm may be harvested and 
trimmed of all fat and the ends of the fascia are plicated 
with 2-0 absorbable or nonabsorbable suture, the ends of 
which were left long. 

Following the vesicourethral anastomosis is 
completed; the sling is carefully placed underneath the 
anastomosis. Free suture ends are tied loosely, without 
tension, on the ipsilateral rectus fascia. Closure is then 
completed in usual fashion. 


COMPLICATIONS 


The radical prostatectomy is a well-tolerated procedure 
that is associated with low morbidity. The most common 
intraoperative complication has decreased with improved 
surgical technique and increased experience. Mean 
estimated blood loss with most experienced centers 
reporting less than 1,000 mL. The requirement of blood 


Fig. 120.4: The prostate and its adenexa are about to be removed 
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transfusion is frequent and this has made autologous 
blood donation, with its obvious cost-saving advantages, 
unnecessary in most cases. 

Most centers with expertise in the surgery report an 
incontinence rate of less than 10%; this figure includes 
occasional stress incontinence. The true rate of total 
incontinence with no urinary control is less than 5%. 
Improvement is likely after 1 year and therefore any 
invasive treatment may be deferred until after 1 year. 
Incontinence can develop with a bladder neck contracture 
(i.e. overflow incontinence). Dilatation or transurethral 
resection of the contracture is often necessary. For those 
patients with no anatomic abnormalities, urodynamic 
testing is warranted.*)” 

The preservation of the neurovascular bundles allows 
for better postoperative potency rates. The preservation 
of the erectile function is seen in 68% of patients who 
have undergone bilateral nerve-sparing prostatectomy 
and in 13-47% of men who have undergone a unilateral 
neurovascular bundle preservation.”*° 

Both neurovascular bundles should be saved when 
feasible and saving even one neurovascular bundle is 
justified. The oral sildenafil and intracavernous injection 
therapy allow adequate postoperative treatment of erectile 
dysfunction so that quality of life is preserved in most 
patients. The combination therapy with intracavernosal 
injections and sildenafil has been shown to increase sexual 
activity and to facilitate the return of natural erections after 
radical prostatectomy and this combination therapy also 
allows a lower dose of intracavernosal injections, thereby 
decreasing morbidity and discomfort.” 

Quality of life studies after radical prostatectomy and 
radiation-based therapies showed that the treatment did 
not appear to affect health-related quality of life.” The 
urinary incontinence was significantly worse after radical 
prostatectomy than after brachytherapy or high-dose 
external beam radiotherapy, patients who had undergone 
brachytherapy reported more irritative symptoms.” 
The radical prostatectomy was associated with superior 
bowel function and fewer irritative functions. In general, 
all three therapies were associated with impaired sexual 
function, but higher scores were seen in men who 
selected brachytherapy. 


OUTCOME AND PROGNOSIS 


Partin tables and Kattan nomograms can be used to 
predict outcomes after different modalities for the 
treatment of prostate cancer. The chances for recurrence 


after radical prostatectomy can also be calculated using 
the pathologic data.®19-15:32,33 


Neoadjuvant Therapy of Clinical Stage T3 
Prostate Cancer 


The rationales of neoadjuvant hormonal therapy in 
the treatment of clinical stage T3 prostate cancer has 
been debated. The benefit of the neoadjuvant therapy 
is generally better accepted prior to radiation treatment, 
but the same treatment benefit has been difficult to 
demonstrate in the prostatectomy series.***° In cases, if 
the rate of margin positivity is decreased with neoadjuvant 
hormonal therapy, no evidence exists to suggest that long- 
term survival will be improved.* 


FOLLOW-UP 


The serum PSA is measured every 3 months for the first 
2 years. If undetectable, the interval is increased to every 
6 months until 5 years after the operation, when it can be 
measured yearly. 

Patients with a detectable PSA level after surgery, the 
timing of the PSA level rise is important. The PSA levels 
need to be confirmed with a repeat measurement. When 
the PSA level rise less than 1 year after prostatectomy is 
more indicative of occult distant metastases at the time 
of surgery but if serum PSA level rise after 1 year, is more 
compatible with local recurrence.*’ 

The imaging studies, such as bone scan, can be 
repeated. The patients with a late PSA level rise in whom 
bone scan results are negative, a Prostascint scan can be 
considered or performed to rule out distant metastases 
before local salvage therapy (radiation) is contemplated. 
Short PSA level doubling time (high log slope), regardless 
of the time of PSA level recurrence, was strongly associated 
with clinical recurrence.'**” 


FUTURE AND CONTROVERSIES 


The evolving techniques and improving knowledge of 
surgical anatomy, physicians can perform radical retropubic 
prostatectomy with great efficacy and minimal morbidity. 
The surgical treatment of prostate cancer is the best viable 
option for patients with clinically localized disease. Its role 
may be expanded to locally advanced disease when used in 
combination with early adjuvant androgen ablative therapy 
in carefully selected patients who have low comorbidities 
and at least a 10-year life expectancy.**** 
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PRELUDE 


Rajeev Kumar 


The ureteropelvic junction obstruction (UPJO) is defined 
as an obstruction of the flow of urine from the renal pelvis 
to the proximal ureter. Congenital abnormalities may be 
observed in both adults and children, but adults may also 
present with UPJO. Reconstruction of the ureteropelvic 
junction is pyeloplasty. Today, treatments for UPJO 
include laparoscopic pyeloplasty, open pyeloplasty, and 
robotic-assisted laparoscopic pyeloplasty. Widespread 
uses of ultrasonography in the obstetric period, congenital 
hydronephrosis become the most common initial 
presentation of UPJO. 


PATHOPHYSIOLOGY 


Ureteropelvic junction obstruction likely relates to the 
embryological development of the urinary tract. In the 5th 
week of gestation, the ureteric bud forms from the Wolffian 
duct and invades the metanephric blastema to begin renal 
differentiation. The nephrons, in turn, induce the ureteric 
bud to further divide and branch, leading to the formation 
of the collecting system (including the UPJO). 

The defect of this developmental process must cause 
primary UPJO. During the process of development, the 
ureter is believed to become solid and then recanalize 
later and it is thought to occur mostly at the mid-ureter. 
Defective or incomplete recanalization has been 
speculated to possibly lead to UPJO.** 


Presentation 


Clinical presentation of UPJO has changed dramatically 
because of the widespread proliferation of prenatal 
ultrasonography.’ Symptoms of UPJO later in life include 
urosepsis, failure to thrive, flank pain or mass, and 
hematuria. Common presenting symptoms of adults 
are flank pain (77%), nephrolithiasis (20%), microscopic 
hematuria (16%), history of pyelonephritis (14%), gross 


Pyeloplasty 


hematuria (9%), decreased renal function (9%), and 
gastrointestinal symptoms (5%). Hypertension may also 
be a rare presenting symptom. 


Indications 


Once the diagnosis of UPJO has been made, management 
of depends on the severity of the case. Episodes of 
recurrent flank pain, nausea, and vomiting, may be 
indications for interventions. Indications for interventions 
may also include the recurrent urinary tract infections, 
pyelonephritis, secondary nephrolithiasis, and deterioration 
in renal function. 


WORK-UP 


Laboratory Studies 


Laboratory studies include estimation of kidney 
function, as indicated by the blood urea nitrogen (BUN) 
and creatinine values, may be normal or elevated 
(indicating impairment of renal function) depending 
on the function of the affected and contralateral kidney. 
Prior to surgical repair, obtain a complete blood count 
(CBC) and coagulation studies urine analysis culture 
should be arranged. 


Imaging Studies for the Ureteropelvic 
Junction Obstruction 


Renal Ultrasound 


Abdominal ultrasound scan is usually the first test ordered 
in children with a urinary tract infection. This ultrasound 
scan may show the dilated pelvis and pelvicalyceal system. 
It may show the ureter, if it is dilated. Dilatation of ureter 
excludes the diagnosis of UPJO and indicates that the 
obstruction may be at a lower level of ureter or at vesico- 
ureteric junction (VUJ). 
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Abdominal and Pelvic Computed Tomography Scan 


Abdominal and pelvic CT scan with or without contrast 
is often the first imaging study obtained in adults who 
present with abdominal or flank pain. It is done because 
of the speed and efficacy at establishing both nonurologic 
and urologic causes of such pain. Noncontrast CT (NCT) 
images demonstrate hydronephrosis without hydroureter 
and may also demonstrate decreased renal size and 
parenchymal thickness. When the intravenous contrast is 
administered, the affected kidney usually demonstrates 
delayed cortical and excretory phases, which correlate 
to the delayed nephrogram and excretory phases of 
an intravenous urogram (IVU). Existence of crossing 
vessels, an extrinsic cause of UPJO, may also be apparent 
on the contrast images of a CT scan. Currently three- 
dimensional reconstruction of the CT scan for clarification 
of the vascular anatomy is of particular value when 
preoperatively evaluating anomalous renal units such as 
horse-shoe kidneys.*®” 


Intravenous Urogram 


Intravenous urogram was the primary investigation for 
UPJO in the past. In adults, with a clinical presentation 
suggestive of UPJO and IVU is still recommended in 
some centers. The common initial finding from an IVU 
is a delayed nephrogram that may persist for 24 hours 
or longer. 


Diuretic Renogram 


The diuretic renogram is the premier radiographic test 
to confirm the diagnosis of UPJO. The study involves the 
administration of a radiopharmaceutical tracer such as 
technetium (Tc-99m) mercaptoacetyltriglycine (MAG-3) 
or technetium (Tc-99m) diethylenetriaminepentaacetic 
acid (DTPA). A dose may be given 15 minutes prior to 
the test (F-15 study) it can also be administered after 15 
minutes of the test (F +15 study). 


Retrograde Pyelography 


Sometimes retrograde pyelography (RGP) is performed 
immediately prior to the definitive repair of a UPJO in the 
operative suite, to help in confirming the site of obstruction, 
and in ruling out any other concomitant obstruction that 
may be present in the urinary tract. 


Whitaker Test 


The Whitaker test is indicated to evaluate the borderline 
obstruction in UPJO. The procedure involves the insertion 
of a nephrostomy tube and simultaneously the intrapelvic 
and cystometric pressures should be monitored. Fluid 
is administered via the nephrostomy tube at a pressure 
sufficient to establish a flow rate of 10 mL/seconds, and 
the resulting pressure gradient between the renal pelvis 
and the bladder is measured. Obstructive system may 
show a high pressure greater than 20 cm water. This test 
is helpful particularly in borderline cases, but still the test 
is not popular of its false, positive and negative potentials 
and also it is invasive and often requires anesthesia. 


PREOPERATIVE PREPARATION 


The patients should have an anatomic study illustrating 
the extent of the obstruction and a functional study to 
assess the function of the affected kidney and contralateral 
kidney. It is recommended that all patients have a Lasix 
renal scan prior to surgery to confirm the presence of 
obstruction and to ascertain function of the affected and 
contralateral kidney. 

Urine should be sterile. Baseline kidney function, 
hemoglobin values, and bleeding parameters, if indicated 
should be organized. Informed consent should be obtained 
for alternative treatments and potential intraoperative 
and postoperative complications. If a laparoscopic option 
was proposed, the consent for conversion to an open 
procedure should be obtained before the procedure. Prior 
to the procedure, the patient should receive a dose of a 
broad-spectrum antibiotic.*®”” 


Open Pyeloplasty 


Open or traditional pyeloplasty is a procedure typically 
involves the surgical excision of the narrowed segment of 
the UPJO and performance ofa spatulated reanastomosis of 
the renal pelvis to the ureter. When the pelvis of the kidney 
is widely dilated, it is often reduced in size by trimming off 
redundant tissue, and then it is tailored in such a fashion 
that it funnels down towards the anastomosis. When an 
accessory or aberrant vessel exists near the UPJO, the 
anastomosis is positioned anterior to the vessel. 

Typically, an extra-peritoneal flank or subcostal 
approach is used and subcutaneous tissue muscles, etc. 
was divided. The peritoneum is swept medially, the kidney 
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is identified, and Gerota’s fascia is opened. The renal pelvis 
and proximal ureter are completely identified. Sometime 
accessory renal arteries are often identified, supplying the 
lower pole of the kidney that crosses the ureter at the point 
of the UPJO. Every effort is taken to spare these vessels 
because ligation can devascularize a segment of kidney. 

After UPJO is dissected out, the region of the UPJO is 
then excised out sharply and free flow of urine from the 
renal pelvis should occur. The pelvis is reduced with the 
hope of funneling the urine down towards the newly 
created anastomosis. The ureter is spatulated laterally at a 
distance of approximately 10-15 mm. 

With absorbable sutures such as 5-0 monocryl on a small 
tapered needle, the anastomosis is performed between the 
spatulated ureter and renal pelvis. When an accessory renal 
vessel is identified, perform the anastomosis anterior to the 
vessel. A ureteric stent is placed prior to completion of the 
anastomosis. The remaining pelvis is closed with a running 
suture. Abdomen is closed in a routine fashion with a drain 
in place which may be removed after 24-48 hours." 


Laparoscopic Pyeloplasty 


Laparoscopic pyeloplasty closely mimics the steps of 
the open approach with adherence to identical surgical 
principles. This can be performed though either a 
transperitoneal or retroperitoneal route, depending on 
surgeon preference and patient factors such as obesity 
and previous abdominal surgeries. Transperitoneal 
approach is familiar to all surgeons and allows a larger 
working space; the retroperitoneal approach provides 
more direct access to the UPJO. Like the open pyeloplasty, 
the UPJO is excised and a spatulated anastomosis is 
performed using absorbable suture. The established 
advantages of the laparoscopic approach include less 
postoperative pain, a shorter hospital stay, and a more 
rapid recovery (Fig. 121.1). 

Many surgeons prefer to perform RGP to more 
precisely define the stricture length and location and to 
rule out obstruction distal to the UPJO and a double-J 
ureteral stent may be placed at this time. At this stage the 
patient is then repositioned on the operating table, and 
pneumoperitoneum is established. Dissection is begun 
by mobilizing the colon on the affected side medially by 
incising along the avascular line of Toldt. Kidney, with 
overlying perinephric fat is identified and the Gerota’s 
fascia is opened, and dissection is carried down to the 
level of the kidney. 

As the UPJO is identified, the renal pelvis and proximal 
ureter are dissected. Like the open pyeloplasty, the narrow 
segmentoftheureteris then excised sharply and the ureteral 


stent should be clearly visible. The ureter is spatulated on 
its lateral aspect for 10-15 mm. The redundant renal pelvis 
is excised. A crossing vessel is present and appears to be 
obstructive in nature, the renal pelvis and ureter may be 
transposed anterior to the vessel. Accessory arteries when 
encountered, it is to be preserved. They often supply blood 
to a significant portion of the kidney, as well as to the renal 
pelvis and proximal ureter. 

Before completion of the anastomosis, the proximal 
end of the double-J stent is passed into the renal pelvis. 
The anastomosis may be performed in a running fashion 
or specialized instruments such as the Endo stitch device 
may facilitate suturing. Important principles include the 
creation of a tension-free watertight anastomosis with 
preservation of the periureteral blood supply. As the 
anastomosis is completed, a closed-suction drain is placed 
through one of the trocar sites. Pneumoperitoneum is 
reduced and all trocar sites larger than 10 mm are closed 
in an effort to reduce herniation of abdominal contents 
through the facial defect.!*8 


Robot-assisted Laparoscopic Pyeloplasty 


Currently, the introduction of the da Vinci robotic surgical 
system has helped to overcome many of the challenges 
imposed by laparoscopy. da Vinci robotic surgery is similar 
to traditional laparoscopic surgery in that instruments are 
introduced into the body through several small incisions 
and manipulated under video guidance. In robotic surgery, 
the surgeon’s movements are made in a console that is 
remote from the patient and translated by the robotic arms 
(Figs 121.2A and B). 


Fig. 121.1: Laparoscopic pyeloplasty 
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Figs 121.2A and B: Robotic pyeloplasty in progress 


Advantages provided by the robot include a magnified 
three-dimensional view, increased articulation with 6° of 
freedom to mimic wrist movements, tremor reduction, and 
motion scaling. All these makes intracorporeal suturing, a 
fun. As a result, robotics is rapidly becoming the preferred 
approach to pyeloplasty for an increasing number of surgeons. 

The steps of robotic pyeloplasty are similar to those 
of a traditional laparoscopic pyeloplasty. Retrograde 
pyelography and stent placement may be performed 
initially with the patient in the lithotomy position. As the 
colon has been reflected medially, the UPJO is mobilized 
and then divided, taking care to preserve the periureteral 
blood supply and any accessory lower-pole vessels. 
Redundant pelvis is excised along with the strictured 
segment, and the ureter is spatulated along its lateral 
aspect. Anastomosis was performed over a stent, most 
commonly with 5-0 polyglactin suture. Drain may be 
placed near the anastomosis and brought out through one 
of the port sites, although many surgeons do not routinely 
leave a drain.'*"° 


POSTOPERATIVE DETAILS 


As the patients are tolerating a general diet, they are 
switched to oral pain medication. The antibiotics are 
continued until the drain is removed when the output 
is deemed minimal. The postoperative recovery from 
laparoscopic or robotic procedures is generally quicker 
than from open surgery. 


Follow-up 


The follow-up of UPJO after the procedure is somewhat 
dictated by the procedure performed. Indwelling ureteral 


stent, ifleft in place, is usually removed cystoscopically 4-6 
weeks after the procedure. 

It may be reasonable to perform imaging studies 
approximately 6-8 weeks after the procedure to assess renal 
function and to help and rule out residual obstruction. 
Traditionally, diuretic renal scan is considered to be the 
best study. This study is a better choice because it provides 
an assessment of the function of the kidney and helps to 
establish, whether any evidence of obstruction exists. 
In cases of recurrence of flank pain or have evidence of 
urinary tract infection, imaging studies are required. 


Complications 


Potential for bleeding exists at the time of surgery and 
in the immediate postoperative period. Stricture of the 
reconstructed segment may develop as complications. 
Sticking to proper surgical technique and proper patient 
selection should decrease the potential for significant 
complications. Urinary tract infection can occur after any 
treatment for UPJO obstruction may be related to the use 
of stent. 


Secondary Ureteropelvic Obstruction 


When UPJO obstruction follows previous attempt at 
surgical treatment, may be called as secondary UPJO. Itmay 
occur following scar tissue formation due to extravasations 
of urine during endoscopic treatment of UPJO. Normally, 
open pyeloplasty is usually attempted after an initial 
endoscopic approach has been unsuccessful. Currently, 
centers with considerable experience in laparoscopy 
have achieved good success rates with secondary 
laparoscopic pyeloplasty. Laparoscopic pyeloplasty is 
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certainly a reasonable option following previous attempts 
at endopyelotomy. 


OUTCOME AND PROGNOSIS 


The success rates for the different treatments for UPJO 
vary depending on a number of factors, including, but 
not limited, to the degree of obstruction; whether it is a 
primary or secondary obstruction; the function of the 
affected kidney; anatomic considerations, such as the 
presence of crossing vessels; and the expertise of the 
treating surgeon. 

It is often considered the criterion standard for the 
treatment of UPJO, open pyeloplasty has success rates 
consistently greater than 90% based on subjective patient 
symptoms and objective radiographic evidence. The 
task is technically more difficult than open pyeloplasty; 
laparoscopic pyeloplasty technique shares similar 
success rates with its open counterpart. Success rates 
range from 88 to 100%, with most series citing rates 
well over 90%. The potentials for robotic pyeloplasty are 
supported by the evidence documenting its efficacy. 
Several single-center series report symptomatic and 
radiographic success rates of 94-100%.'*'5 


CONCLUSION 


Laparoscopic pyeloplasty combines the minimally 
invasive aspects while maintaining the effectiveness of 
open pyeloplasty; however, its technical challenges have 
limited its use to centers with considerable laparoscopic 
expertise. Surgical robotic system, the da Vinci robot holds 
promise as a tool that will allow more surgeons to offer a 
minimally invasive approach to pyeloplasty. 
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The retroperitoneal lymph node dissection (RPLND) 
has a diagnostic and therapeutic role in many urologic 
malignancies. The testicular carcinoma is the most 
common urologic indication for RPLND. It is an 
important component in the management of low-stage 
nonseminomatous germ cell tumors (NSGCTs), as well 
as in patients with higher-stage disease who have residual 
retroperitoneal masses or enlarging retroperitoneal masses 
following chemotherapy.’ The RPLND in conjunction 
with nephroureterectomy in the treatment of infiltrative 
transitional cell carcinoma (TCC) of the upper urinary 
tract: impact on survival has been described.’ 


OPEN TECHNIQUE OF RETROPERITONEAL 
LYMPH NODE DISSECTION 


The open version of this procedure involves a xiphoid-to- 
pubis midline incision and significant morbidity related to 
ileus, blood loss and postoperative pain. The laparoscopic 
RPLND was initiated in 1992 in an effort to reduce 
morbidity. The laparoscopic RPLND allows for faster 
opening and closing time, and this approach allows for 
good exposure to the suprahilar region, at the expense of 
mobilization of the pancreas and spleen. The advantages 
of a transperitoneal approach include familiarity and 
comfort for the surgeon and tolerable morbidity for the 
patient (Fig. 122.1). 


Laparoscopic Retroperitoneal Lymph 
Node Dissection 


The laparoscopic RPLND alternative to the open abdominal 
procedure has been reported, but is limited to a few 
centers with significant experience. Thoracoabdominal 
approach with open technique offers good exposure to 
the upper retroperitoneum and exposes the renal hilum 


Retroperitoneal Lymph 
Node Dissection 


in the center of the operating field and may be useful in 
patients with advanced disease, who may present with a 
large retroperitoneal mass. It may be possible to have a 
complete suprahilar dissection, as well as the opportunity 
to easily access the retrocrural lymph nodes.** 
Laparoscopic transperitoneal procedure is equivalent 
to an open operation in order to obtain similar oncologic 
and functional outcomes. Usually a 4-port, transperitoneal 
technique is used, similar to that for laparoscopic 
nephrectomy. The laparoscopic RPLND should be 
approached with caution in patients with bulky nodal 
disease. The patient is positioned in a modified lateral 


Left 
adrenal 
gland 


Inferior 
vena 


cava Aorta 


Fig. 122.1: Distribution of lymph nodes in the retroperitonium 
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Fig. 122.2: Laparoscopic retroperitoneal lymphadenectomyin 
progress 


decubitus fashion. The initial port is placed near the 
umbilicus. Three to five additional ports are placed to 
optimize dissection and retraction. As with open RPLND, 
strict hemostasis is vital to identify the planes of dissection 
(Fig. 122.2). 

The dissection is similar to the previously described 
transperitoneal laparoscopic nephrectomy except that 
on the left side, the spleen and pancreas are rotated 
further medially and the descending colon is mobilized 
lower into the pelvis. This gives excellent exposure to 
the retroperitoneum. On the right side, the posterior 
peritoneum is incised under the liver to reveal the superior 
margin of the inferior vena cava (IVC), and the colon and 
duodenum are mobilized further medially to expose the 
retroperitoneal area of interest. A methodical approach, 
using the same split-and-roll technique as in open RPLND, 
is performed. Nerve-sparing techniques are similar to 
the open approach in hopes of preserving ejaculatory 
function.** 


Right-Sided Modified Primary Retroperitoneal 
Lymph Node Dissection 


The limits of dissection for the modified template RPLND 
on the right side include the right ureter, the renal veins, 
the lateral edge of the aorta, the inferior mesenteric artery 
(IMA) and the ipsilateral iliac artery, where the ureter 
crosses. In this protocol, the interaortocaval and retrocaval 
tissue is completely removed. 


Left-sided Modified Template Primary 
Retroperitoneal Lymph Node Dissection 


The limits of dissection for the modified template RPLND 
on the left side include the left ureter, left renal vein, left 
edge of vena cava, IMA and ipsilateral iliac artery, where 
the ureter crosses. Like the right side, the interaortocaval 
tissue is included with the retroaortic lymphatics. 


Postchemotherapy Retroperitoneal Lymph 
Node Dissection 


The postchemotherapy RPLND typically claims full 
bilateral dissection of retroperitoneal lymphatics. The 
protocol involves removal of lymphatic tissue between 
both ureters, spanning from the diaphragmatic crus to 
the bifurcation of the common iliac arteries. Rationale 
for this extended region of dissection is the greater 
likelihood of bilateral disease with greater tumor burden. 
The incidence of the postoperative ileus is minimized 
with the retroperitoneal approach, and most patients are 
discharged within 3-6 days.*’ 


FOLLOW-UP 


The patients with testicular cancer, regardless of 
stage, require regular follow-up care. Many different 
follow-up protocols exist, and depending on the clinical 
and pathologic stage and whether the patient is on a 
surveillance, postretroperitoneal lymph node dissection 
or postchemotherapy protocol. 

The protocols for follow-up may involve history 
taking, physical examination (including examination 
of the contralateral testis), assessment of serum tumor 
markers, chest radiography and abdominal imaging. 
Following RPLND, postoperative baseline CT scanning, 
along with chest radiography, examinations and 
assessment of serum tumor markers, is recommended 
every 2-3 months for the first 2 years, every 4 months for 
the subsequent 2 years, every 6 months for the 5th year, 
and yearly thereafter.*® 


COMPLICATIONS 


The complications of RPLND vary widely and can include 
injuries to major vessels such as the aorta and vena cava; 
to solid organs including the liver, kidney and pancreas; 
and to smaller tubular structures such as the ureters and 
cisterna chyli. These injuries can be managed with primary 
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repair and conservative management, if recognized 
during the operation. Overall complication rates of 
primary RPLND and postchemotherapy RPLND vary but 
probably lie between 1% and 5% for major complications 
and around 15% for minor complications (e.g. wound 
infection, urinary tract infection and ileus).!°" 
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The endoscopic intracorporeal lithotripsy refers to the 
visualization of a calculus in the urinary tract and the 
simultaneous application of energy to fragment the stone 
or stones into either extractable or passable pieces. The 
ureteroscopy is the most common means of visualizing 
an upper urinary tract calculus. In addition, percutaneous 
techniques can also be used. 

Usually, the ureteric stones are small and less than 5 
mm stones should pass spontaneously without surgical 
intervention. The larger stones more than 1.5 cm that are 
not associated renal obstruction can frequently be treated 
with extracorporeal shock wave lithotripsy (ESWL) in a 
noninvasive manner. 

Various treatments can be used depending on stone 
size, location and associated obstruction. The endoscopic 
energy sources may include ultrasonic, laser and 
mechanical devices. The devices of the energy sources are 
passed through the working channel of the endoscope to 
fragment stones into extractable pieces and various baskets 
and graspers are used during lithotripsy to immobilize 
stones and to remove stone fragments.’” 


VARIOUS ENERGY SOURCES USED IN URINARY 
STONE MANAGEMENT 


Ultrasonic Lithotripsy 


The ultrasonic lithotripsy was used with success through a 
rigid endoscope and is commonly used in the percutaneous 
renal approach. The ultrasonic lithotripsy is also useful with 
ureteroscopy but suitable for the semirigid ureteroscope. 
The additional advantage of ultrasound (US) lithotripter is 
that it may suck the smaller fragment of the stone during the 
lithotripsy and thereby making the operating field clean. 


Endoscopic or 
Intracorporeal Lithotripsy 


Pneumatic or Mechanical Lithotripsy 


The pneumatic mechanical devices, such as the lithoclast, 
are small endoscopic jackhammers that work best when 
passed through a straight endoscopic working channel. 
Lithoclast is an efficient and economical means of 
fragmenting calculi and is particularly useful for managing 
large and hard stones. This energy source is very popular, 
cheap and commonly used for managing the large renal 
stones through percutaneous nephrolithotripsy (PCNL) and 
distal ureteral stones through ureteroscope (Fig. 123.1). 

The pneumatic mechanical devices are powerful and 
based on pneumatically driven projectiles that strike 
a metallic probe placed endoscopically on a calculus. 
Usually, the created fragments require extraction with 
either an endoscopic basket or grasper. 

The new generation Swiss LithoClast’ select offers 
simultaneous ultrasonic and pneumatic lithotripsy. 
The pneumatic lithotriptor is designed to effectively 
fragment large stones while the new Vario ultrasonic 
lithotripter is designed for the fragmentation and suction 
of finer calculi. The simultaneous use of both technologies, 
operated through a single foot pedal, is designed to reduce 
stone removal time. The new Lithopump that facilitates 
controllable suction during the lithotripsy is shown in 
Figure 123.1. 

Flexible pneumatic lithotripsy probe was developed 
to complement flexible endoscopes. The fragmentation 
ability of the probe have been shown to be inversely related 
to the degree of active deflection of the ureteroscope. Thus, 
this has minimal clinical usefulness.*° 


Laser Lithotripsy 


The laser lithotripsy was first introduced commercially in 
the late 1980s with the pulsed-dye laser, which uses 504 nm 
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of light delivered through optical quartz fibers. Pulsed-dye 
laser was a nonthermal safe laser that produced plasma 
between the tip of the fiber and the calculus, fragmenting 
stone with a photo-acoustic effect. This laser could 
fragment most urinary calculi, excluding cystine but 
this was not a solid-state laser, and it required frequent 
maintenance, including changing of the coumarin dye. 
Since the shortcomings, this was replaced by Holmium 
yttrium-aluminum-garnet (Ho:YAG) laser (Fig. 123.2). 

The development of the Ho:YAG laser, which is 
a thermal laser that uses a 2,150 nm wavelength of 
light and the energy, is delivered in a pulsatile fashion 
through low-water-density quartz fibers. Compared to 
the coumarin pulsed-dye laser, holmium laser lithotripsy 
produces smaller fragments of stone which may be 
removed spontaneously.®’ 


Fig. 123.1: Swiss LithoClast® selects combination ultrasonic 
and pneumatic urological lithotriptor 


The Ho:YAG laser is a laser whose active medium is 
a crystal of YAG doped with holmium, and whose beam 
lies near infrared portion of the electromagnetic spectrum 
(2,100 nm). The Ho:YAG laser has 350 p sec pulse duration 
and the energy is absorbed about 0.5 mm of fluid making 
it an ideal surgical laser for endourologic applications like 
laser lithotripsy. The Ho:YAG laser lithotripsy is superior 
to electrohydraulic lithotripsy, ultrasonic lithotripsy and 
pneumolithotripsy in terms of stone fragmentation and 
complications (Fig. 123.2).°!° 

The Ho:YAG laser produces a vaporization bubble 
at the tip of the quartz fibers and the energy delivered is 
sufficient to fragment all types of urinary stones into fine 
dust and small pieces that can pass easily through the 
urinary tract (Fig. 123.2). 

The holmium laser energy is rapidly absorbed by water, 
creating a vaporization bubble that has minimal effects on 
normal tissue. But direct contact with tissue should be 
avoided due to direct thermal injury to tissue. The sufficient 
cooling irrigant through the endoscope should be used to 
prevent adjacent thermal soft-tissue effects. The holmium 
laser lithotripsy is more effective than other endoscopic 
lithotrites for large and complex stone burdens composed 
of uric acid or cysteine. ™ "° 


INDICATIONS AND TECHNIQUE OF MANAGEMENT 
OF THE URINARY STONES 


Renal Stones 


Currently the retrograde ureteroscopic treatment of 
intrarenal calculi is performed with actively deflectable 
flexible ureteroscopes. For this delicate work the 


Fig. 123.2: Holmium yttrium-aluminium-garnet (Ho:YAG) laser disintegrating the urinary stone 
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Fig. 123.3: Nephrolithotripsy with flexible ureteroscopes 


smallest-diameter lithotripsy probes (e.g. 200 um laser 
fiber and 1.4F EHL probe) are required to treat lower-pole 
calyceal calculi (Fig. 123.3). 

The PCNLis commonly performed with rigid or flexible 
endoscopes (Fig. 123.4). Common rigid nephroscopes 
usually have offset lens systems to facilitate the straight 
ultrasonic lithotripsy probes. The probes of ultrasound 
lithotrite are hollow and allow for simultaneous evacuation 
of stone debris during fragmentation. ™™ 

Usually the PCNL performed with the rigid 
nephroscope and following the ultrasonic lithotripter 
have cleared a large, central, stone burden and peripheral 
calyceal calculi remain. At this stage the rigid endoscope is 
often prohibited access to these peripheral stones, while 
the flexible 15-18F nephroscope can direct a lithotrite 
safely onto them and a flexible lithotripsy probes used 
for ureteroscopic lithotripsy are passed through the large 
(> 6F) working channel. Use of nitinol basket extractors 
may be used through the flexible nephroscope to extract 
the remaining small stones and fragments. During 
stone fragmentation all endoscopic lithotrites are used 
under direct vision through the working channel of an 
endoscope." 


Nephroscope 


Large stone 
In kidney 


Bladder 


Fig. 123.4: Ureteric stone may be suitablefor both pneumatic or 
laser lithotripsy 


For the treatment of large renal stones more than 2.5 
cm. American Urological Association (AUA) and European 
Association of Urology (EAU) guidelines suggested that 
percutaneous nephrostolithotomy is superior to ESWL 
(Fig. 123.4). 


Ureteric Stones 


The ureteroscopic contact lithotripsy, as a common 
treatment for distal ureteral stones which started in the 
early 1980s. Most guidelines suggested that stones smaller 
than 5 mm that are not associated with high-grade upper 
urinary tract obstruction frequently pass without surgical 
intervention. 

The treatment ureteric stone is stratified by stone 
size, location and other considerations (Fig. 123.5). 
The larger ureteral calculi and those associated with 
significant obstruction can be treated with either ESWL or 
ureteroscopic lithotripsy. 

The semirigid or flexible ureteroscopy with pneumatic 
or holmium laser lithotripsy is an attractive alternative 
to shockwave lithotripsy in the management of ureteric 
calculi. 
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Fig. 123.5: Percutaneous nephrolithotripsy 


The proximal ureteral stones are frequently treated 
with actively deflectable flexible ureteroscopes. If 
proximal stone migration is noted during endoscopic 
lithotripsy, the flexible endoscope can follow the stone 
into an upper-or middle-pole calyx, where it is more stable 
and can fragment quickly with the laser lithotripter or a 
stent may be placed and the patient is submitted for the 
ESWL.!°&!7 

The distal ureteral stones are addressed with semirigid 
endoscopes ranging in diameter from 4.5F-9F The 
semirigid fiberoptic-based endoscopes can be angled 
approximately 30° while maintaining clear optical images 
and many of the endoscopes are based on a 2-channel 
system, which may allows the surgeon to simultaneously 
use both an endoscopic lithotrite and basket or grasper. 
The facilities is particularly useful when a stone is mobile 
in a dilated ureter. A basket, or stone cone device, can be 
used to prevent stone migration while the laser is used to 
sculpt the stone into an extractable core fragment. 


Bladder Stones 


A large-caliber resectoscope sheath and laser bridge is a 
very efficient means of delivering the 1,000-um holmium 
laser fiber. The larger laser fiber produces a sizable 
vaporization bubble in saline irrigant, allowing the surgeon 
to sculpt stone into dust rapidly, while the large sheath 
keeps the operating field clear be facilitating evacuation 
of the created debris. If such device is not available, a 


nephroscope can also be passed in the bladder through 
the urethra and the stone can be easily disintegrated with 
an ultrasound and pneumatic lithoclast. In children a 
percutaneous cystolithotripsy may be performed in which 
a nephroscope can be passed into the bladder through a 
10 mm port. 


POSTOPERATIVE CARE 


Use of the ureteral stents is important following an 
ureteroscopic work to facilitate healing and to ensure 
drainage, particularly if vigorous therapeutic maneuvers 
were performed. Use of internal stents may minimize the 
risks of urinoma and ureteral strictures after traumatic 
endoscopy. But the ureteral stents may cause lower 
urinary tract symptoms, which include urinary frequency, 
urgency, mild-to-moderate transient hematuria and 
vesico-ureteric reflux (VUR). 

Ureteral stents are removed after a period of healing, 
ranging from a few days to 6 weeks, depending on the 
complexity of the treatment and on discharge they may 
be on oral antibiotics, analgesics and occasionally, 
anticholinergic medication to decrease symptoms 
associated with the ureteral stent.*!*"° 


COMPLICATIONS 


Most complications of intracorporeal lithotripsy include 
problems associated with the endoscopy (potentially 
and trauma to the urinary tract) and the specific 
problems created by incomplete stone fragmentation and 
incomplete fragment elimination. 


CONCLUSION 


Currently the controversy exists about the preferred 
endoscopic approach, percutaneously through the kidney 
versus endoscopic approach. The ideal approach is the 
one that, in the hands of the operator, offers the greatest 
chance of rendering the patient stone-free with the least 
morbidity and expense and as such for most urologists, 
the preferred approach is strongly influenced by the 
number, size, location and probable composition of the 
stone(s), by the body habitus of the patient and surgeons 
preferences.®!*?9 

The classical open surgical lithotomy has been replaced 
by extracorporeal, intracorporeal and percutaneous 
lithotripsy. The extracorporeal lithotripsy is the least 
invasive method for eliminating stones, but it has a 
relatively high failure rate with large stones, obstructing 
stones, cystine stones and other complex stones. The 
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intracorporeal lithotripsy is minimally invasive and 
yields high success rates with most ureteral stones and 
renal stones. Studies are investigating newer lasers and 
devices to continually improve the efficiency, cost and 
visualization of stone fragmentation via an endoscopic 
approach.”*”® 
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PRELUDE 


Open radical cystectomy is the reference standard 
treatment for muscle-invasive bladder cancer (MIBC) 
or recurrent high-grade superficial bladder cancer. It is 
usually performed in elderly individuals with associated 
medical conditions and the procedure can cause 
significant stress for patients (Fig. 124.1). Following the 
introduction of laparoscopic radical prostatectomy and 
the resulting decrease in patient morbidity and recovery 
time, laparoscopic radical cystectomy has rapidly 
evolved. The oncological outcomes of the laparoscopic 
approach are comparable to the open procedure, and 
the urinary diversion can be performed completely 
laparoscopically or by open surgery with a minimal 
incision. The use of LigaSure facilitates the dissection, 
reducing intraoperative blood loss, operative time and 
subsequent operative costs.’ 


Fig. 124.1: Structures to be included in radical cystectomy in a 
male patient 


Laparoscopic 
Cystoprostatectomy 
with Urinary Diversion 


HISTORY 


The first laparoscopic cystectomy was performed for 
pyocystis in a patient with an existing urinary diversion. 
In 1995, the first series of laparoscopic cystectomies for 
bladder cancer was reported. Initial reports included 
diversions performed entirely extracorporeally, but 
intracorporeal ileal conduit (1995), rectal sigmoid pouch 
(2001) and studer ileal neobladder (2002) are now being 
performed.! 


PREOPERATIVE PREPARATION 


Before a patient consents to a laparoscopic radical 
cystectomy, it is important to discuss the specific risks of 
the surgery, including the potential need to convert to the 
traditional open operation, if difficulties arise. The bowel 
preparation is initiated by a nonresidue diet for five days 
before surgery and oral self-traction of laxative over 2 days 
before the procedure. 

The patient is admitted 2 days before the operation and 
placed on a diet and bowel prophylactic antibiotics (500 
mg metronidazole + 1 g neomycin 3 x po). Fasting starts at 
midnight before surgery. 

Thromboprophylaxis is implemented with good 
hydration, placement of compressive elastic stockings 
on the lower extremities and low-molecular-weight 
heparin. Patients also receive antibiotic prophylaxis with 
intravenous second-generation cephalosporin, unless 
they are allergic to penicillin. Blood type and crossmatch 
are determined. Preoperative marking of the potential ileal 
conduit stoma site by a stoma therapy nurse is routine. 


TECHNIQUE FOR LAPAROSCOPIC 
CYSTOPROSTATECTOMY 


The technique for laparoscopic cystectomy/cystopro- 
statectomy is similar to that of laparoscopic radical 
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Fig. 124.2: Laparoscopic cystoprostatectomy 


prostatectomy, with minor modifications including 
controlling the pedicles of the bladder with the endoscopic 
stapler and transecting the ureters (Fig. 124.2). Bowel 
diversion requires division and reanastomosis as in open 
surgery. Endoscopic staplers and free-hand laparoscopic 
suturing facilitate the creation of the urinary diversion. 
Totally intracorporeal cystectomy with neobladder 
reconstruction highlights the rapid advances made in 
the field of laparoscopic urology; these techniques will 
continue to evolve. 

The patient is placed in modified Lloyd Davis position. 
A total of 5 ports are used. Camera port is placed in the 
infra-umbilical position by open technique. Two working 
surgeon’s ports, first a 10 mm port is placed at the 
Mcburneys point and the second working port a 5 mm 
port, is placed pararectally at the level of the umbilicus. 
Two assistant surgeon’s 5 mm ports are placed as mirror 
images of the working ports on the left side.'* 

The dissection begins at the level of sacral promontory. 
The peritoneum medial to the right ureter is incised. The 
cut is extended into the rectovesical fold, staying medial to 
the ureter. A similar peritoneal cut is taken medial to the 
left ureter and extended into the rectovesical fold joining 
the previous cut. Thus a posterior U cut is completed. 

The assistant surgeon retracts the bladder anteriorly 
with his left grasper while the right gasper is used to pull 
the rectum cranially. This exposes the rectovesical pouch. 
The dissection then proceeds in-between the two layers of 
Denonvilliars fascia. This is an avascular plane and use of 


sharp and blunt dissection is recommended. The seminal 
vesicles are exposed and the rectum is further dissected 
caudally. The caudal limit of this dissection is the base of 
the prostate. At this level the Denonvillers fascia is firmly 
adherent to the prostate. This is incised with the harmonic 
scalpel and a careful dissection is performed as distal to 
this, the rectum is at the risk of damage here. At no point 
should the rectal fibers be exposed as this indicates a 
wrong surgical plane. 

The dissection then proceeds to the pararectal space 
which is a potential space lateral to the ureter bounded 
medially by the internal iliac artery and vein. This space is 
opened by taking a cut lateral to the ureter and exposing 
the internal iliac vessels. Here the dissection is carried 
out parallel to the ureter as staying parallel to the hollow 
structures reduces the risk of injury to the vessels. The 
dissection is carried caudally till the superior vesical 
artery the only structure to cross this space. Here further 
dissection is done now staying parallel to the superior 
vesical artery till the levator ani muscle covered by the 
endocervical fascia is exposed. The superior vesical artery 
is clipped and cut. The ureter is then lifted upward and 
completely freed by blunt dissection. This step exposes the 
lateral supports of the bladder. These are cut as laterally as 
possible using harmonic shears or ligasure. The distal limit 
of dissection is levator ani muscle. 

The right ureter is then identified and similar 
dissection is carried on the right side exposing the levator 
ani muscle. The superior vesical pedicle in then clipped 
and cut, and the lateral bladder supports along with the 
entire fibro fatty tissue are taken down. This completes the 
posterior dissection with the specimen left hanging only 
with the ureters. 

The pararectal space continues anteriorly as the 
prevesical space. This space is entered on the right side 
by taking down the lateral umbilical folds. The dissection 
should always remain medial to the obliterated hypogastric 
artery. This prevents injury to the iliac vessels especially 
in large tumors. The paravesical dissection is completed 
by reaching the pubic bone distally. The next step is to 
the prevesical space. This space is entered from the right 
side exposing the cave of retzius. Having completed this 
dissection from both sides lastly the bladder is taken 
down by cutting the medial umbilical fold. This dissection 
is bloodless as this is an avascular plane. Care here is 
to be taken to always remain medial to the obliterated 
hypogastric artery. 

Once the bladder is completely dissected and 
separated anteriorly. The puboprostatic ligament is 
identified and cut. This releases the prostate gland from 
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the symphysis pubis. The endopelvic fascia lateral to the 
prostrate is then cut and the lateral lobes of the prostrate 
are dissected. The lateral prostatic pedicles are clipped 
and cut thus freeing the prostrate and exposing the dorsal 
venous plexus of Santorini. The dorsal venous plexus 
is under-run and transfixed with number 1 vicryl and is 
divided in-between these two sutures. This exposes the 
prostato urethral junction. The urethra is then divided at 
the apex of the prostrate. 

The entire specimen is retracted caudally exposing 
the recto-urethralis muscle. This is cut taking care not to 
injure the rectum. Then the remaining posterior dissection 
is completed by pushing the bladder cranially and the 
specimen is freed. The ureters are then dissected in the 
retroperitoneum. Having completed this dissection the 
ureters are clipped and cut, and the entire specimen 
placed in an endobag.*” 


Laparoscopic Radical Cystectomy in a Female 


The same port placement was employed with the patient 
in a low-lithotomy, 30-45° Trendelenburg position. Since 
this patient had a prior pelvic surgery (ovariectomy), 
initial access was obtained with the Hasson technique 
and a 10 mm blunt-tip balloon port was used at this 
site to prevent air leak. Following list of intraperitoneal 
adhesions, the uterus was retracted anteriorly, and the 
initial peritoneotomy was made in order to identify the 
ureters, which were dissected down to the bladder wall, 
clip-ligated and transected. 

The peritoneum at the rectovesical cul-de-sac was 
incised and further dissection was performed to develop 
a plane anterior to the rectum. The ovary vascular 
pedicle, the uterine round and broad ligaments and 
vesical vascular pedicle were sequentially ligated with 
a combination of metallic and hem-o-lock clips and 
divided. Similarly to what was described above, the 
Retzius space was entered and the bladder was mobilized 
anteriorly. A sponge stick is inserted into the vagina to 
help identifying the vagina. 

Subsequently, the posterior vaginal wall was 
horizontally incised just distal to the uterine cervix with 
a J-hook electrocautery. This incision was then extended 
bilaterally toward the urethra, removing a strip of the 
anterior vaginal wall. At this point, the surgeon standing 
in-between the patient’s legs dissected the entire urethra 
circumferentially. The remaining attachments between 
the urethra and the anterior vaginal wall were cut and 
the intact surgical specimen was extracted through the 
already open vaginal vault without the use of any bag. 
Pneumoperitoneum was re-established and maintained 


by keeping moisture towels at the vaginal vault. Finally, 
the vaginal wall defect was closed laparoscopically with a 
0-vicryl running suture (Fig. 124.3). 


Bilateral llio-obturator lymphadenectomy 


Lymph node dissection in bladder cancer is an integral 
part of radical cystectomy. It allows for accurate staging 
of the patient and will, therefore, serve to dictate 
additional treatment and add prognostic information. 
The lymph nodal dissection starts at the bifurcation 
of the common iliac artery. A suction cannula is the 
preferred instrument for this dissection. The loose 
areolar tissue is swept right up to the inguinal ligament 
staying parallel to the artery. Next the areolar tissue 
along the external iliac vein is then dissected. At this 
point the iliac bone is exposed which is the lateral limit 
of this dissection. 

The obturator nodes are exposed by stretching the 
peritoneum medially by the assistant surgeon. The nodes 
are taken down by sweeping the areolar tissue cranially. 
This maneuver exposes the obturator nerve and all the 
fibro fatty tissue anterior to the nerve is cleared. This 
dissection is carried right up to the common iliac vein. 

The entire fibrofatty tissue is then cleared medially of 
the internal iliac artery which forms the medial extent of 
this dissection. At the end of the dissection the external 
iliac vessels, the obturator fossa and the internal iliac 


Fig. 124.3: Structures to be included in radical cystectomy 
(anterior exenteration) in female 
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artery should be devoid of any fibro fatty tissue. The entire 
specimen is then placed into the endobag and removed 
through an incision taken for creating urinary diversions 
avoiding any port metastasis. 


Urinary Diversion 


The ileal conduit is the gold standard urinary diversion. The 
segment ofileum for creation ofthe ileal conduit is identified 
and marked with a vicryl 2/0 suture taken laparoscopically. 
Next a Mcburney’s incision is taken and the specimen 
placed in the endobag is removed. The marked ileal 
segment is then brought out in the incision and segregated 
from the gastrointestinal tract (GIT). The two ureters are 
then anastamosed using 4/0 vicryl by the Smiths technique 
over a 6 french (F) infant feeding tube which is then brought 
out of the stoma which drains the urine directly into the 
stoma bag. The GIT continuity is re-established by an ileo- 
ileal anastamosis done in 4 layers. A pouting ileal conduit is 
then created and a Foleys drain is placed in the conduit for 
drainage in the initial postoperative period."* 


CONCLUSION 


Laparoscopy is facing its last frontier in urological 
oncology, the surgical treatment of bladder cancer. This 
cutting edge procedure does offer advantages such as 
decreased blood loss, decreased postoperative pain, early 


return to full activity, and better cosmesis.* Nonetheless, 
issues such as longer or time, more expensive operation, 
and lack of long-term oncological data do represent a 
downside of this minimally invasive approach. 
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HISTORY OF LAPAROSCOPY 


MA Salam 


Modern laparoscope truly speaking is a grand child of first 
self-contained endoscope developed by Bozzini in 1806. 
The credit also goes to Nitze who was the first to introduce 
glass optics for magnification in 1879. 

The concept of laparoscopy was initiated by Kelling 
(1901), asurgeon whowas the first to apply Nitze’s cystoscope, 
introduced through a trocar, in a closed-cavity endoscopic 
examination of a living dog. During the initial step of this 
procedure, Kelling insufflated the peritoneal cavity with air 
using a needle to observe changes to the intra-abdominal 
organs at pneumoperitoneum pressures sufficient to stop 
intra-abdominal hemorrhage (i.e. up to 50-60 mm Hg). 

The development of laparoscopy in urology paralleled, to 
alarge extent, the changes in general surgery. Up until the late 
1980s, laparoscopy had limited applications in urology. Soon, 
a steady stream of newly developed laparoscopic procedures 
started to challenge their conventional open surgical 
counterparts. Initial emphasis was on ablative procedures; 
lymphadenectomy, varicocelectomy, transperitoneal and 
retroperitoneal nephrectomy for benign and malignant 
disease, nephroureterectomy, partial nephrectomy, 
adrenalectomy, cyst decortication, lymphocele drainage, 
cystectomy for benign disease, bladder diverticulectomy, 
retroperitoneal lymphadenectomy and orchiectomy.' 

Additional procedures soon followed, including 
cystectomy, gastrocystoplasty, enterocystoplasty, and ileal 
ureter with an increasing number of multi-institutional 
studies emerging in which laparoscopic procedures 
are compared with their open surgical counterparts, it 
becomes clear that, owing to equivalent efficacy combined 
with distinct advantages in postoperative pain, cosmesis, 
recovery and length of hospital stay, laparoscopy has 
moved into the mainstream of urologic surgery. 

The first commercial robotic system used specifically 
for laparoscopic applications was the automated 
endoscopic system for optimal positioning (AESOP). The 
da Vinci system was first used clinically for laparoscopic 


Evolution of Laparoscopic 
Technique in Urology 


cholecystectomy in 1997 and gained FDA approval the 
same year. Following swiftly on the pathway forged 
by traditional laparoscopic surgeons, robotic assisted 
laparoscopic radical prostatectomy was born. As of 2005, 
the da Vinci surgical system has been used to perform 
almost every laparoscopic urologic procedure from 
adrenalectomy to vesicovaginal fistula repair, although the 
machine is most useful for reconstructive procedures. 
Laparoscopic urological procedure can be completed 
with transperitoneal or retroperitoneal approach. The 
list of the procedure is expanding due to the increasing 
experiences in this field. They can be summarized as: 


Testis 


e Nonpalpable testis: Diagnostic laparoscopy and Fowler- 
Stephens technique 

e Laparoscopic orchiopexy 

e Laparoscopic orchiectomy 

e Varicocele laparoscopic varix ligation 

e Evaluation of intersex patient 

e Cancer of the testis: Laparoscopic retroperitoneal 
lymphnode dissection. 


Prostate 

e Laparoscopic pelvic lymphnode dissection 

e Laparoscopic mobilization of seminal vesicles 
e Laparoscopic radical prostatectomy. 

Penis and Urethra? 

e Laparoscopic pelvic lymphnode dissection 

e Laparoscopic penile revascularization. 


Bladder 


e Laparoscopic cystectomy 
e Laparoscopic diverticulectomy 
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e Combined laparoscopic and transurethral ablation of 
bladder tumor 

e Laparoscopic ureteroneocystostomy 

e Urachal anomalies treatment 

e Laparoscopic bladder 
extraperitoneal/intraperitoneal 

e Bladder augmentation 

e Laparoscopically assisted bladder sling urethropexy 

e Ileal conduit or other urinary diversion. 


neck suspension: 


Ureter 


e Laparoscopic ureterolysis 
e Laparoscopic ureterectomy 
e Laparoscopic ureterolithotomy. 


Kidney 


e Laparoscopic nephrectomy 
— Simple nephrectomy 
— Radical nephrectomy 
e Laparoscopic cryosurgery for renal cell carcinoma 
(RCC) 
e Laparoscopic live donor nephrectomy 
e Laparoscopic nephroureterectomy 
e Laparoscopic partial nephrectomy 
e Laparoscopic renal cyst decortication 
e Laparoscopic renal biopsy 
e Laparoscopic pyeloplasty 
e Laparoscopic nephropexy. 


Adrenal Glands 


e Laparoscopic adrenalectomy 

Laparoscopic procedure is contraindicated in the 
following patients with cardiac insufficiency because 
the high abdominal pressure may increase intrathoracic 
pressure and compromise venous return and also 
contraindicated in restricted movement of the diaphragm.’ 
Patients with clotting disorders should be corrected before 
surgery. 


PREOPERATIVE PATIENT MANAGEMENT 


For a successful outcome the patient should be carefully 
selected. Consideration should be paid to possible relative 
and absolute contraindications. 


The contraindications to laparoscopic surgery 
may include uncorrectable coagulopathy, intestinal 
obstruction, abdominal wall infection, massive 


hemoperitoneum or hemoretroperitoneum, generalized 


peritonitis or retroperitoneal abscess and suspected 
malignant ascites. 

For transperitoneal laparoscopic procedures, a light 
mechanical bowel preparation can be given in an effort to 
decompress the bowel. Extensive laparoscopic procedures 
(e.g. laparoscopic nephrectomy), especially early in one’s 
experience, should be managed like any other major open 
surgical procedure, with two units of packed red blood 
cells available before surgery. The availability of adequate 
CO, gas in cylinder should be confirmed. 

Other preparation is almost similar to open technique 
which may include patient identification, site and side 
marking, appropriate consent, adequate preoperative 
work-up for anesthetic fitness; metastatic work-up 
should be carefully considered. Special equipments like 
harmonic scalpel, ligasure and special laparoscopic hand 
instruments should be organized and its function should 
be carefully confirmed before starting the procedure.* 


Patient Positioning and Draping 


Positioning of the patient depends primarily on the laparo- 
scopic procedure to be performed. Most intra-abdominal 
laparoscopic procedures start with the patient in a supine 
position with the arms secured at the sides of the body." 
The full extent of the abdominal wall should be prepared 
and draped from nipples to pubis. In some procedures it 
is advantageous to extend the preparation of the knees 
and to drape the external genitalia into the surgical field. 
Before major transperitoneal procedures, placement of a 
nasogastric/orogastric tube and a Foley catheter is usually 
performed to decompress the stomach and bladder. 
Before the initial incision a checklist ensuring that all 
essential equipment is present and operational should be 
completed just before initiating the pneumoperitoneum. 


Pneumoperitoneum 


The insufflant system is essential for establishing a 
pneumoperitoneum.° This is brought into use after either 
closed (Veress needle) or open (Hasson’s technique) access 
to the peritoneal cavity is established. If hand-assisted 
laparoscopy is to be performed, the pneumoperitoneum 
can be established directly after placement of the hand 
port. Most commonly, CO, is used as the insufflant 
because it does not support combustion and is very 
soluble in blood (LD,, for CO, is 1,750 mL (air = 357 mL). 
However, in patients with chronic respiratory disease, 
CO, may accumulate in the bloodstream to dangerous 
levels. Accordingly, in these patients, helium may be used 
for insufflation once the initial pneumoperitoneum has 


795 


796 


Section 16 Operative Urology 


been established with CO,, Xenon, argon and krypton are 
inert, and nonflammable but are not routinely used for 
insufflation because of their high cost and poor solubility 
in blood. 


Closed technique (blind trocar insertion): Although contro- 
versial, this method is performed via a subumbilical 12-mm 
incision; the rectus sheath on either side of the incision is 
grasped with a towel clip, and a surgeon on either side lifts 
the abdominal wall upward. A 5-mm incision is made in 
the elevated rectus sheath, and a 10-12 mm disposable 
shielded or optical view trocar is passed vertically.’ 

In a prospective randomized study, comprising 578 
patients, the direct insertion technique was found to 
be associated with fewer complications (4.2.%) than a 
standard veress insertion (complications in 14.6%) and 
also of note, entry failure occurred in only 0.7% of the 
direct trocar insertion patients versus 4.6% of the Veress 
needle group (Gunenc et al. 2005). Till date, use of this 
method has not been reported in the urologic literature. 


Open access techniques: A pneumoperitoneum can be 
more easily, and in one’s early experience, more safely 
established using an open technique; however, its use 
involves making a larger incision and increases the 
chances of port-site gas leakage during the procedure 
needing additional suture placement around the trochar. 
Once proper needle placement is verified, insufflation 
is started at 1 l/min. If free flow of CO, is noted (i.e. intra- 
abdominal pressure remains less than 15 mm Hg), then 
after 0.5 L has entered the abdomen the flow can be 
increased to maximal capacity (21/min through a 14-gauge 
needle). As soon as the preset limit of 15 mm Hg of intra- 
abdominal pressure is reached, free flow stops. 


INSTRUMENTATION FOR DEVELOPING 
THE EXTRAPERITONEAL SPACE 


Balloon Dilation 


Gradual distention ofa balloon dilator in an extraperitoneal 
space atraumatically displaces the mobile fat and moves 
the peritoneum forward relative to the immobile body 
musculature. This device thus creates a working space 
equivalent to the size of the balloon. A commercially 
available trocar-mounted preperitoneal balloon dissector 
(PDB) (US Surgical, Norwalk, CT) can be employed. The 
balloon can be created by cutting off the middle finger of 
a size 7 glove, mounted on a 16 or 18 French red rubber or 
whistle-tip catheter. 


Abdominal Inspection 


Laparoscopic camera is now connected to a 0-or 30-degree, 
10-mm laparoscope. Light cord is connected to the 
laparoscope, and the white balancing is performed. The 
tip of the prewarmed endoscope is dipped into povidone- 
iodine solution or wiped with a commercial antifogging 
fluid, cleansed with a dry gauze pad and passed into the 
initial trocar. 

The entire abdomen is inspected systematically. 
Initially, abdominal inspection is performed to rule out 
any injury to the underlying viscera that may have occurred 
during access or placement of the initial trocar.*° 


Secondary Trocar Placement 
Transperitoneal: Standard 


Location and number of secondary trocars depend 
largely on the intended laparoscopic procedure. There 
configuration should be planned so that neither the tips 
nor handles of the cannulas cross or come into close 
contact with one another, so that adequate working 
space is provided for all instruments to be used during a 
particular procedure. 

Secondary trocars are placed under direct optical 
control. A 30-degree lens is ideal for this portion of the 
procedure because turning the lens 180 degrees away from 
the surgical site provides the surgeon with a panoramic 
view of the anterior abdominal wall."° 

It is reasonable to place the ports in a four-point 
diamond pattern such that the site of the operation is 
encircled within the diamond. This is particularly of 
importance when considering reconstructive renal 
procedures, as the angle of the plane to the site of renal 
reconstruction should be less than 55 degrees while the 
angle between the surgeon’s suturing instruments should 
be in the 25-45 degrees range. 

Tip of the illuminated laparoscope is moved upward 
and towards the intended site of port placement, thereby, 
in the thin patient, transilluminating any superficial blood 
vessels that need to be avoided while passing the trocar. 
With a No. 11 or No. 15 small blade, a skin incision is made 
just wide enough to accept the selected cannula. When 
placing secondary ports it is of great importance to direct 
them toward the intended surgical field to provide tension- 
free maneuverability of the laparoscopic instruments. This 
is especially important in obese patients. 

If a robotic procedure is planned, then the camera port 
is a 12-mm trocar site and the two auxiliary ports are both 
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8mm. The ports need to be at least 8-10 cm apart to reduce 
the possibility of the robotic arms clashing with each other. 
An assistant’s port is placed either in between the arms of 
the robot or on a line below the robotic arms. 


Single Port Consideration 


Single-port transumbilical laparoscopy, also known as 
embryonic natural orifice transumbilical endoscopic 
surgery (E-NOTES), has emerged as an attempt to further 
enhance cosmetic benefits and reduce morbidity of 
minimally invasive surgery (MIS). Within a short span, 
several clinical reports have emerged in the urologic 
literature. As this field is poised to move forward, a 
complete understanding of its evolution and current 
status is timely. E-NOTES has made its initial forays into 
laparoscopic surgery. Ongoing refinement in technique 
and instrumentation is likely to expand its future role. 


Three-dimensional Laparoscopic Systems 


Three-dimensional (3D) laparoscopic systems offer the 
surgeon a distinct advantage of depth perception. All 3D 
laparoscopes are similar in that the laparoscope has two 
lenses (one for the left eye and one for the right eye) such 
that each eye sees a different image. In this way, binocular 
vision is maintained. 

The most commonly used 3D vision system currently 
in use is the In Site Vision System (Intuitive Surgical, 
Sunnyvale, CA), which provides vision for the da Vinci 
Surgical Robotic System. The laparoscope and camera are 
heavy but are controlled by a robotic arm that is under 
direct control of the surgeon from the ergonomic console. 

Hand-held 3D laparoscopic systems are also available 
but currently require the surgeon to wear headgear with 
miniature video screens to display the 3D image. 

Video monitors are available in 13 or 19-inch panel 
displays. A higher-resolution image is obtained with the 
smaller screen. High-resolution monitors have 1,125 lines 
of resolution but must be matched with a camera system of 
similar capability. Flat-panel video monitors are becoming 
more popular. 

Light sources use high-intensity halogen or xenon 
vapor bulbs with an output of 250-300 watts. In addition to 
manual control of brightness, some units have automatic 
adjustment capabilities to prevent too much illumination, 
which may result in a “washed-out” image. 

Digital video recorders (DVR) and video printers serve 
for documentation of laparoscopic procedures. With 
regard to still images, the newer digital recorders have the 


advantage of storing thousands of images and maintain 
the ability to print paper copies of the desired images. 


LAPAROSCOPIC HAND INSTRUMENTS 


Laparoscopic hand instruments like graspers and 
dissectors are used in there 5 mm size but are available in 
a range from 3-12 mm, in predominantly reusable forms. 
Wide variations exist with regard to configuration of tip, 
surface characteristics of jaws, handle design and possible 
electrosurgical properties. Tip designs include blunt- 
coarse, pointed (dolphin), straight (duck bill), curved 
(Maryland) and angled. The surface of the jaws may be 
atraumatic or traumatic. Serrated or smooth surfaces 
allow gentle tissue manipulation in atraumatic graspers. 

Traumatic graspers have toothed or clawed 
surfaces on their jaws to allow them to grasp and hold 
tissues firmly. In addition, they may be equipped with 
tip-rotating and articulating features. Depending on 
the design of the handle, grasping instruments may 
be locking or nonlocking. Most nonlocking forceps 
have a scissors-type handle. Different designs allow for 
locking capabilities; in particular, bar-type and spring- 
loaded locking handles are convenient when prolonged 
grasping of tissue is required. 


Clipping Devices 


Clip appliers are available from different manufacturers for 
laparoscopic work. Generally, they contain occlusive clips 
ranginginsizefrom6-11mm,;theyrequireeither 100r12mm 
laparoscopic ports. A 5-mm disposable clip applier is also 
available. Disposable clip appliers possess a rotating shaft 
and multifire, self-reloading features, whereas reusable 
instruments have to be reloaded for each clip to be deployed 
at the site of surgery and often do not have a rotating shaft. 
Aright-angled clip applier that fits through a 10-mm trocar 
and deploys an 8-mm titanium clip is also available. 

Electrocoagulation must be avoided in the vicinity of 
clips placed for occlusion of vessels to prevent conductive 
tissue necrosis and subsequent clip dislocation. To ensure 
reliable function, the closed ends of the occlusive clips 
must be seen extending slightly beyond the targeted vessel 
and should be placed perpendicular to the longitudinal 
axis of the vessel. 

In addition to the metal “crush” type clips, just 
described, polymer clips that completely encircle and lock 
down around vessels are available (Hem-o-lok polymer 
ligation clip system Weck Closure Systems, Research 
Triangle Park, NC). These clips are more secure than 
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the traditional metal clips and do not conduct electrical 
current.'' Removal of a clip is possible. 


Instrumentation for Morcellation 


Various techniques of tissue morcellation have been 
used in laparoscopic surgery. The simplest method for 
fragmentation of tissue within the entrapment sack is use 
of the index finger or ring forceps. The first mechanical 
morcellation devices worked by punching out pieces of 
tissue, i.e. serrated-edge macro-morcellators. 


Instrumentation for Specimen Entrapment 
and Removal 


The originally designed Lap Sac (Cook Urological), which 
is made of nylon with a polyurethane inner coating and 
a polypropylene drawstring, is the least susceptible 
to tearing or leakage of cells. Currently various organ 
entrapment and retrieval systems are available. 
Depending on the size of the tissue and on whether in 
situ morcellation or intact organ retrieval is planned, the 
laparoscopic surgeon is able to choose among different- 
sized sacks, materials and designs. 


PORT REMOVAL AND ITS CLOSURE 


Port removal and fascial closure are key elements of the 
procedure should be performed in an organized fashion 
to avoid complications.” Herniation, possible bowel 
incarceration and postoperative hemorrhage are the 
results of a poorly performed or haphazard closure. 

A variety of possibilities for closure of port sites exists. 
The simplest method is retracting the skin with Sinn 
retractors, grasping the fascia with Kocher clamps, and 
suturing it with absorbable 0-0 suture. However, in any 
patient with a body mass index more than 30, this is very 
difficult to accomplish. 

Fortunately, several devices for complete en bloc 
closure of fascia, muscle and peritoneum under direct 
vision have been developed. 


Complications of Laparoscopic Surgery 
Intraoperative Complications 


e Entry and exit complications 
e Bleeding 
e Bowel and visceral injury 


e Gas embolus 
e Neuromuscular injury. 


Postoperative Complications 


e Bleeding 

e Wound hernia 

e Infection 

e Prolonged ileus. 


Complications of Nephrectomy Laparoscopy 


The main complications are bleeding from minor blood 
vessels, perforation of major blood vessels or perforation 
of bowel. If they occur it may be necessary to proceed 
to laparotomy in any case. If diathermy was used there 
should be inadvertent burning of intra-abdominal 
viscera. Other complications relate to the gas insufflation 
and include postoperative discomfort, usually of minor 
degree, abdominal wall surgical emphysema, respiratory 
embarrassment, cardiac arrhythmia and gas embolism." 
These complications are all rare, especially if the above 
technique is used. 
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Since 1990, urologic surgeons have taken a leading 
role in minimally invasive surgery (MIS). Laparoscopic 
radical nephrectomy, first described in 1991, is now 
considered the “gold standard” for localized renal tumors. 
Laparoscopic partial nephrectomy for renal masses more 
than 4 cm is gaining increasing popularity. Laparoscopic 
radical retropubic prostatectomy (RRP) is more popular all 
over the world. 

Introduction of advanced equipment for example 
harmonic scalpel, vessel sealing devices and intracorporeal 
suturing techniques has made the difficult urological 
task like radical cystectomy easy and comfortable to the 
surgeons and currently being practiced in many centers of 
the world with promising results.! 


HISTORY OF LAPAROSCOPY 


The first experimental laparoscopy was performed in 
Berlin in 1901 by German surgeon, Georg Kelling, who 
used a cystoscope to peer into the abdomen of a dog after 
first insufflating it with air (Fig. 126.1). Kelling also used 
filtered atmospheric air to create a pneumoperitoneum, 
with the goal of stopping intra-abdominal bleeding (ectopic 
pregnancy, bleeding ulcers and pancreatitis) but these 
studies did not find any response or supporters. Kelling 
proposed a high-pressure insufflation of the abdominal 
cavity, a technique he called the “Luft-tamponade” or 
“air-tamponade” 

In 1938, Janos Veress of Hungary developed a specially 
designed spring-loaded needle. Interestingly, Veress did 
not promote the use of his Veress needle for laparoscopy 
purposes. He used Veress needle for the induction of 
pneumothorax. In 1939, Richard W Telinde tried to 
perform an endoscopic procedure by a _ culdoscopic 
approach, in the lithotomy position. This method was 
rapidly abandoned because of the presence of small 
intestine. In 1939, Heinz Kalk published his experience 
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of 2,000 liver biopsies performed using local anesthesia 
without mortality. 

In 1953, the rigid rod lens system was discovered by 
professor Hopkins. The credit of videoscopic surgery 
goes to this surgeon who has revolutionized the concept 
by making this instrument. Kurt Semm, a German 
gynecologist, who invented the automatic insufflator in 
1966. Kurt Semm introduced an automatic insufflation 
device in 1960 which was capable of monitoring intra- 
abdominal pressures. This reduced the dangers associated 
with insufflation of the abdomen and allowed safer 
laparoscopy. Gynecologists had embraced laparoscopy 
and thoroughly incorporated the technique into their 
practice from 1970. General surgeons, despite their 
exposure to laparoscopy remained confined to traditional 
open surgery. 


Fig. 126.1: The first experimental laparoscopy was performed in 
Berlin in 1901 by German Surgeon, Georg Kelling 
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In 1977, Kurt Semm first time demonstrated endoloop 
suturing technique in laparoscopic surgery. Hasson 
introduced an alternative method of trocar placement 
in 1978. He proposed a blunt mini-laparotomy which 
permits direct visualization of trocar entrance into the 
peritoneal cavity. A reusable device of similar design to a 
standard cannula but attached to an olive-shaped sleeve 
was developed by Hasson. 

Semm, a German gynecologist, performed the 
first laparoscopic appendicectomy in 1985. The first 
documented laparoscopic cholecystectomy was 
performed by Erich Mühe in Germany in 1985. 

Robotic surgery has found major applications in 
the field of urology. Radical prostatectomy is the most 
frequently performed robotic procedure, outstripping 
all other surgical disciplines. In 2002, there were only 
600 robotic prostatectomies performed whereas in 2004 
there were 9,600 cases reported. This exponential growth 
is expected to continue. Oncologic effectiveness, urinary 
continence and erectile function are very comparable with 
open surgery. The blood loss and convalescence appear to 
be superior with robotic RRP. Robotic-assisted pyeloplasty 
for ureteropelvic junction has gained popularity with 
excellent results comparable to open or laparoscopic 
pyeloplasty. Robotic radical cystectomy is performed in 
select centers with encouraging results.’ 

Urologists continue to play an active role for surgical 
training in the form of computer virtual reality simulation, 
validity testing and core programs in MIS for residents. 


PHYSIOLOGY 


Cardiovascular 


As intra-abdominal pressure increases with pneumoperi- 
toneum, the systemic vascular resistance increases and 
venous return decreases. The degree of intra-abdominal 
pressure and the circulating blood volume determine the 
cardiovascular effects of pneumoperitoneum. A small 
increase in intra-abdominal pressure augments venous 
return and cardiac output. As intra-abdominal pressure 
rises above a certain point, the increase in resistance 
exceeds the increase in pressure and venous return (and 
therefore cardiac output) falls. This transition point occurs 
at a low intra-abdominal pressure in the hypovolemic 
state and at a greater pressure in the normovolemic and 
hypervolemic state. Given normovolemia, an intra- 
abdominal pressure of 15 mm Hg is associated with 
tolerable reduction of cardiac output. 

The absorption of insufflated carbon dioxide (CO,) has 
several cardiovascular effects. The direct ones are primarily 


inhibitory, but CO, also stimulates the sympathetic nervous 
system. If acidosis is allowed to develop, parasympathetic 
effects may be enhanced as well. Moderate hypercapnia 
produces an increase in cardiac output and blood pressure, 
and a decrease in systemic vascular resistance, which 
counteract the mechanical effects of pneumoperitoneum. 
Overall, an intra-abdominal pressure of 15 mm Hg 
and moderate hypercapnia in healthy patients produce a 
hyperdynamic state (increased central venous pressure, 
systemic vascular resistance, heart rate and blood 
pressure) without significant alteration of cardiac output. 


Physiological Complications 


The cardiovascular complications of laparoscopy include 
tension pneumoperitoneum, cardiac dysrhythmias, fluid 
overload and venous thrombosis. When the intra-abdominal 
pressure is excessive, usually less than 40 mm Hg, the rise 
in vascular resistance becomes overwhelming and “tension 
pneumoperitoneum” can occur. Venous return, cardiac 
output and blood pressure drop precipitously. Volume status 
must be optimized to prevent tension pneumoperitoneum 
at even lower pressures. Brief periods of elevated intra- 
abdominal pressure during laparoscopy usually are tolerated 
well, but generally the pressure should be kept below 15-20 
mm Hg. Whenever hemodynamic compromise due to 
excessive intra-abdominal pressure is suspected, immediate 
desufflation will quickly improve the situation. 

Tachycardia and ventricular extrasystoles due to CO, 
are usually benign, but fatal dysrhythmias can occur 
with very high arterial partial pressure of CO, (PaCO,). 
Avoidance of hypercapnia will prevent tachydysrhythmias. 
Since hypercapnia may also potentiate parasympathetic 
actions, vagal stimulation by peritoneal manipulation 
or distention during CO, laparoscopy can occasionally 
produce bradydysrhythmias. 

With decreased insensible fluid losses and urine output 
during laparoscopy there is a predisposition to volume 
overloading. The volume status of the patient should be 
optimized before insufflation, and then intraoperative 
fluid administration should be limited to appropriate 
replacement for blood loss plus a maintenance rate of 5 
mL/kg per hr. 

The increased abdominal pressure during laparoscopy 
restricts lower extremity venous return. Mechanical pressure 
forces blood out of the splanchnic circulation into the lower 
extremities, where venous stasis during laparoscopy can be 
demonstrated with Doppler flow studies. Prophylaxis for 
venous thrombosis is recommended for major laparoscopic 
procedures. The pulmonary, acid-base and insufflant- 
related complications of laparoscopy include hypercapnia, 
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intra-abdominal explosion, acidosis, extraperitoneal gas 
collections and venous gas embolism (VGE). 

Hypercapnia, an excess of CO, in the bloodstream, 
occurs when CO, production and absorption exceed its 
elimination. Moderate hypercapnia is stimulatory overall, 
but if PaCO, exceeds 60 mm Hg, cardiodepressive effects 
predominate. Cardiovascular collapse, severe acidosis and 
fatal dysrhythmias can occur. Increasing ventilation rates 
and tidal volumes usually will elevate CO, elimination 
adequately. PaCO, is estimated intraoperatively by the 
capnographic measurement of the partial pressure of end 
tidal CO, (P[et]CO,), which generally is 3-5 mm Hg lower 
than PaCO, during general anesthesia. During prolonged 
operations or in patients with pulmonary disease the 
gradient may widen unpredictably and arterial blood 
gases should be obtained for accurate monitoring. 

Additional measures to prevent hypercapnia 
include reduction of intra-abdominal pressure (which 
both decreases the CO, absorption and allows more 
effective CO, elimination) and use of alternative gases 
for insufflation. Carbon dioxide is the most popular gas 
for insufflation because of its rapid absorption (which 
offsets some of the hemodynamic burden imposed by the 
pneumoperitoneum and minimizes the effect of VGE) and 
its inability to support combustion. Since excessive levels 
of hypercapnia are dangerous, however, alternative gases 
for insufflation have been considered. Few have met with 
favor, although helium has been used to avoid hypercapnia 
in selected patients. Unfortunately, helium can exacerbate 
the clinical effects of a VGE. 

Laparoscopy with CO, insufflation causes a mild 
respiratory acidosis due to the absorption of CO,. 
With gas insufflation pressures less than 20 mm Hg, a 
metabolic acidosis can also develop, likely related to 
retained acids from the decreased urine output. At typical 
pneumoperitoneum pressures, this usually is not a clinical 
problem. Gases insufflated into the peritoneal cavity may 
leak into several extraperitoneal tissue planes or spaces. 
Subcutaneous emphysema is the most common site of 
extraperitoneal gas. Although generally innocuous, it may 
increase the risk of hypercapnia. 

Gas thatisinsufflated inadvertentlyinto the properitoneal 
space or omentum might interfere with visualization 
during intraperitoneal laparoscopy. Pneumopericardium, 
pneumomediastinum and pneumothoraxcaninhibit cardiac 
filling, limit lung excursion or both. A CO, pneumothorax 
will usually resolve spontaneously, but thoracostomy should 
be performed for a large or symptomatic pneumothorax. 
Venous gas embolism is the passage of gas bubbles through 
the venous system into the heart and pulmonary circulation. 


When clinically significant, right heart outflow is impeded, 
producing hypoxemia, hypercapnia and depressed cardiac 
output. Clinically detectable VGE may be noted in almost 
1% of laparoscopic cases when careful surveillance is used. 
Many VGEs during laparoscopy have been fatal. Venous 
gas embolism is indicated by hypoxemia, evidence of 
pulmonary edema, increased airway pressure, hypotension, 
jugular venous distention, facial plethora, dysrhythmias and 
a mill wheel murmur. The capnometer will register a sudden 
fall in P(et)CO, if the CO, embolus is large and an abrupt but 
transient increase, if it is small. Swift response is required, 
including immediate desufflation, rapid ventilation with 
100% oxygen, steep head down tilt with the right side up, and 
general resuscitative maneuvers. 

The type of the gas comprising the embolus determines, 
in part, the outcome. Helium is less soluble in blood than 
CO,. This fact argues against its use for initial insufflation, 
but helium insufflation (to avoid hypercapnia) after the 
pneumoperitoneum has been safely created with CO, is 
safer, since VGE rarely occurs beyond the first few minutes 
of insufflation. 


PREOPERATIVE PREPARATION 


The considerations made in the selection of patients for 
laparoscopy are more stringent than for open surgery. 
Although any operation in a patient with obesity, previous 
abdominal surgery and abnormal anatomy is more difficult 
than in a patient lacking these features, laparoscopy is 
rendered relatively more difficult by these factors than in 
open surgery. In addition, the physiological considerations 
discussed above suggest that open surgery may be favored 
over laparoscopy in patients with severe pulmonary disease 
or congestive heart failure. 

The patient being offered laparoscopic intervention 
should be fully informed of the risks and benefits, most 
appropriately in the context of a comparison to the 
spectrum of risks and benefits of open surgery for the 
particular procedure. Itis important to inform the patient of 
the surgeon’s experience with the particular laparoscopic 
procedure, and that conversion to open surgery may be 
required. For transperitoneal laparoscopic surgery without 
intended bowel resection, patient preparation with a clear 
liquid diet and oral magnesium citrate on the preoperative 
day is adequate. For retroperitoneoscopic surgery, bowel 
preparation is not necessary. 

A logical operating room setup is required. The primary 
laparoscopic cart is positioned opposite the surgeon. 
For an upper abdominal or retroperitoneal procedure, a 
secondary monitor for nursing staff or assistants placed 
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on the opposite side of the patient is useful, but for a 
pelvic procedure only the primary laparoscopic tower 
at the patient’s feet is required. Operating rooms with 
booms from the ceiling that hold the primary equipment 
minimize clutter and reduce setup time. All equipment 
should be checked for function preoperatively or during 
setup. Adequate pressure in the CO, tanks should be 
verified and a second tank should be available. 

After induction of anesthesia and endotracheal 
intubation, insert a urethral catheter and orogastric tube. 
For a pelvic procedure, the patient is placed supine (or 
in some cases dorsal lithotomy), with the chest securely 
taped to allow steep Trendelenburg tilt of the table. For 
transperitoneal procedures into the retroperitoneum, 
the patient is placed in partial right flank position (45°) 
without flexion of the table. Subsequent rotation of the 
table can provide near supine or near flank position. 
Direct retroperitoneoscopic procedures benefit from full 
flank position with table flexion. 


Entry: Obtaining Pheumoperitoneum 


The two most common methods of insufflation to create 
pneumoperitoneum are closed (Veress needle) and open 
(Hassan cannula) techniques. Either is acceptable as 
the first choice, but if the Veress needle is the surgeon’s 
typical first choice then the open technique should be 
learned as well, since sometimes the former approach is 
contraindicated or fails. 

In a previously operated-on abdomen, the Veress 
needle should be placed away from prior incisions. 
The Veress needle has a solid spring-loaded stylet that 
retracts back only under pressure from firm tissue (i.e. 
fascia) to expose the sharp cannula; once the tip is free in 
the intraperitoneal space the stylet springs forward and 
protects against visceral injury (Fig. 126.2). The needle 
is usually placed at the chosen location of the first port. 
It is inserted almost perpendicular to the abdominal 
wall, tilting slightly away from the large midline vessels. 
An exception is when the needle is being placed at the 
umbilical location in thin individuals, in which case it 
needs to be angled caudal almost 45°. There are usually 
two “pops” of resistance as the fascial layer and then the 
peritoneal membrane are penetrated.' 

Once the needle is inserted, a series of maneuvers 
are performed before insufflation. First, attach a 10-cc 
syringe half-filled with saline and aspirate back. There 
should be no aspirated gas or liquid. Next, inject the saline 
in through the needle and attempt to aspirate it back. It 
should flow in easily and not return on aspiration. Finally, 
the saline in the hub of the Veress should drop rapidly into 


the abdomen. These maneuvers assess for the possibility 
that the needle tip is in a luminal structure (bowel, bladder 
and blood vessel), but will all be “normal” if the needle 
is preperitoneal which is the most common erroneous 
placement. This possibility is assessed by the final test, 
the “opening pressure.” Gas insufflation is commenced 
through the needle held carefully in place (Fig. 126.3). 
The pressure should not rise above 8 mm Hg within the 
first 1/2 L of gas or if it does it should only be momentary 
and quickly correctable by a twist, slight withdrawal and 


Fig. 126.2: Principles of Veress needle insertion. The Veress 
needle has a solid spring-loaded stylet that retracts back only 
under pressure from firm tissue (i.e. fascia) to expose the sharp 
cannula; once the tip is free in the intraperitoneal space the stylet 
springs forward and protects against visceral injury 


Fig. 126.3: Gas insufflator 
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tilting up of the needle (which will free the needle tip from 
omental or mesenteric fat). If these conditions are met, 
insufflation is continued. If these conditions are not met, 
then disconnect the insufflation tubing, allow the gas to 
escape, and withdraw the needle. Persistence, when the 
pressure is too high, risks extensive extraperitoneal gas 
collection that will interfere with surgery. Authors usually 
will make three attempts with the Veress needle, and if 
safe insufflation is not achieved, an alternative method 
is, chosen. 

Themostcommonnon-Veress entry method, the Hassan 
technique, is placement of a laparoscopic port through a 
small incision made into the intraperitoneal space under 
direct vision. This technique is used ifthe Veress needle fails 
or is contraindicated, but some surgeons use it in all cases. 
A 1.5-3 cm incision is made at a chosen site and deepened 
down to the peritoneal membrane, which is opened under 
direct vision. Stay sutures are placed, and the Hassan 
port (10/12 cannula containing a blunt obturator, with 
a conical adjustable sleeve) is inserted. The sutures are 
tied down tightly on the arms of the device, such that the 
conical sleeve is cinched down against the fascia. Gas is 
then insufflated. One modification of this technique is the 
use of a port with a retaining balloon that inflates intra- 
abdominally and is held up tight against the fascia by an 
adjustable retaining ring. Another modification is to make 
just a small nick in the fascia and insert a blunt port that 
dilates rather than cuts the fascia. Finally, a visualizing 
trocar can be also used. 


Entry: Port Placement 


Selection of port sites determines access to the operative 
field. The general scheme is to surround the site with the 
necessary number of instruments placed widely enough 
apart that they do not “sword fight” in the abdomen and 
with the laparoscope situated so that a good visual angle 
can be attained. 

There are a variety of ports available, with the standard 
sizes being 5, 10 and 12 mm. “Needlescopic” ports (3 mm) 
as well as extra-wide ports (18 and 30 mm) are available 
for specialized use. Ports can be completely disposable, 
completely reusable, or “re-posable” ports, which contain 
both reusable and disposable components. Many disposable 
ports have sharp tips that are shielded to prevent viscus 
injury. Reusable ports most commonly have a metal trocar 
with a metal or plastic cannula (or both) (Fig. 126.4).!3 

Finally, there are the “re-posable” ports. The cannulae 
are reusable and the trocars, blades and diaphragms are 
mixed disposable and reusable. Trocars can be cutting 


Fig. 126.4: Nondisposable trocar for laparoscopy 


Fig. 126.5: Disposable trocar for laparoscopy 


or noncutting. Disposable sharp trocars are shielded 
(Fig. 126.5). Some reusable trocars have nonshielded 
sharp tips. The Hassan-type ports employ blunt tips. There 
are ports with clear plastic tips that allow visualization 
with the laparoscope as the port is being inserted. The 
Step system (AutoSuture Co, Norwalk, CT) employs an 
expandable sheath that is inserted with a Veress needle. 
The needle is removed and a dilating trocar is used to insert 
the port. This and other ports that dilate or screw into the 
fascia are increasing in popularity because the fascia defect 
is smaller and there is less risk of visceral injury than with 
sharp-tipped ports. If the Veress needle has been used for 
abdominal entry, the next step is to place the first port. This 
is usually the port for the laparoscope, inserted at the site of 
Veress needle placement. Use a firm but controlled motion 
to drive the port into the abdomen. To avoid inadvertent 
removal of the port during the procedure, anchor to the 
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skin with suture. Alternatively, special sheaths will hold 
the port firmly into the fascia. Insert the laparoscope and 
inspect the intraperitoneal contents. Subsequent ports are 
placed under visual control through the laparoscope (Figs 
126.6 and 126.7).°" 


Fig. 126.6: The visisport optical trocar is advanced slowly through 
the different planes of the abdominal wall. These planes are cut 
slowly with the blade of the visiport optical trocar 


Fig. 126.7: Single port access for laparoscopic surgery 


Entry: Extraperitoneal Approach 


The retroperitoneal route is well suited to many urologic 
procedures because the organ of interest is in the 
retroperitoneum. For flank retroperitoneoscopic surgery, 
a 2-cm incision is made below the tip of the 12th rib and 
taken down through the lumbodorsal fascia under direct 
vision. The retroperitoneal space is dilated with a finger, 
and then a dilating balloon (commercially available, or 
self-made) is used to dilate the working space. A self- 
retaining port is inserted at this location. Additional ports 
are placed at the base of the 12th rib, at the tip of the 11th 
rib, and in the mid axillary line above the iliac crest. For 
pelvic extraperitoneal surgery, the dilating balloon is 
placed directly into an infraumbilical incision and then 
slid down the inside of the rectus sheath to the pubic bone, 
where is it used to enlarge the preperitoneal space. 


Hand Assistance 


Hand-assisted laparoscopic surgery (HALS) entails the 
insertion of a hand into the laparoscopic field while 
maintaining pneumoperitoneum and visualization. The 
hand assistance devices employ a compressive mechanism 
to affix the device to the abdomen and a locking or 
compressive mechanism (compressive balloon, gel or 
disk) to prevent leakage of pneumoperitoneum around 
the intra-abdominal hand. Hand-assisted laparoscopic 
surgery is predominantly used for transperitoneal 
laparoscopic procedures (Figs 126.8 and 126.9).° 

The intra-abdominal hand is used for dissection, tissue 
identification, retraction and control of injuries." The 
benefits of HALS include shorter operative times than for 
similar standard laparoscopic transperitoneal procedures, 
ease of learning by unexperienced surgeons, and enhanced 
ability to manage difficult surgical situations. Disadvantages 
of HALS include problems with the devices, such as gas 
leakage or interference with port placement, physical strain 
on the hand, interference of the hand in the operative field, 
and the need for a larger incision than might otherwise be 
required for a standard laparoscopic procedure." 

Some urologic surgeons use HALS almost exclusively, 
and some never use it. Given the spectrum ofits advantages 
and disadvantages, HALS is probably best used selectively. 
The most effective uses for HALS include cases where intact 
specimen removal is required, when difficult dissection is 
anticipated, early in a surgeon’s experience, or for large 
specimens. Most simple and radical nephrectomies, 
as well as pyeloplasties, adrenalectomies, renal cyst 
resections, and pelvic procedures can be performed well 
by experienced surgeons without HALS.” 
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Fig. 126.9: A gel port is in place for the hand-assisted 
laparoscopic surgery 


LAPAROSCOPIC VIDEO INSTRUMENTATION 
AND CART 


The standard adult laparoscope is 10 mm in diameter, 
although 5 mm laparoscopes are improving in light 
transmission capability. For pediatric surgery, a 5-mm 
laparoscope typically is used, but 2-mm laparoscopes 
are also available. Most laparoscopes employ a 0° or 30° 
lens, with the latter providing more viewing angles. Some 
laparoscopes can have the camera chip on the tip of the 
instrument, which removes an interface and enhances 


Fig. 126.10: Laparoscopic video instrumentation and cart 


resolution. One or two large monitors, a strong light source 
with cables in good condition, and the digital image 
converter (camera box) complete the video apparatus. Still- 
image and video-capture devices provide documentation. 
Other equipment on the laparoscopic cart includes the 
high-flow insufflator and additional energy sources (Fig. 
126.10). 
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Laparoscopic Instrumentation 


Laparoscopic operating instruments include ones for 
grasping and dissection, cutting, hemostasis, retraction, 
irrigation and aspiration, suturing, clipping or stapling, 
specimen entrapping, morcellating and with both 
monopolar and bipolar equipment intraoperative imaging. 
Many are available in both disposable and reusable 
versions. Most standard instruments are 5 or 10 mm in 
diameter and 35 cm in length, but there are “needlescopic” 
2 mm instruments as well as larger (15-18 mm) devices 
for particular uses. A thorough understanding of each 
instrument, especially the clip appliers and staplers, is 
necessary for their safe and effective use.'* 


Exiting the Abdomen 


After a laparoscopic procedure is completed, the 
operative field is inspected at 5-mm Hg pressure to allow 
exposure of any disrupted small venules that may have 
been compressed by the working pneumoperitoneum 
pressure. The ports are removed under vision so that any 
bleeding from the abdominal wall can be detected. All port 
sites 10 mm or larger are closed in the fascial layer with 
suture. The Carter-Thomason Needle-Suture Passer (Inlet 
Medical Inc. Eden Prairie, MN) or similar devices simplify 
the often-difficult task of fascial closure. In children, 
even 5-mm port sites should be closed. Since the CO, is 
irritating to the abdomen and may be responsible for a 
considerable portion of pain after laparoscopy, attempts 
should be made to desufflate all gas before removing the 
last port. Close the port incisions with a subcuticular stitch 
or wound glue and apply sterile tape. 


POSTOPERATIVE CARE 


For urologic laparoscopic procedures that do not involve 
bowel resection, hospital stay can be limited to 1 to 2 days in 
most patients with aggressive postoperative management. 
Offer parenteral narcotics the afternoon and evening after 
the procedure. Unless contraindicated, use intravenous 
ketorolac around the clock (not as needed) for the first 
24 hour, including a dose at skin closure in the operating 
room. Start a clear liquid diet postoperatively, but if 
nausea develops then hold off on intake for a few hours 
before trying again. On the morning of postoperative day 
1, advance to a regular diet as tolerated and switch from 
parenteral to oral pain medication. Get the patient up to a 


chair on the day of the operation and start ambulation in 
the hallway the next day. 


COMPLICATIONS 


During the first decade of urologic laparoscopy, much 
attention was paid to its “steep learning curve.” Many 
large reports indicate a considerable complication rate 
at the outset of a center’s series, which falls markedly as 
experience is accrued. The surgeons in these series were 
usually some of the first to perform advanced laparoscopy. 
More recent data suggest that when the surgeons have 
received laparoscopic training during their residency or 
fellowship, this “learning curve” is less dramatic." 

In general, the rates of minor and major complications 
of laparoscopy are similar to those in open surgery. The 
intraoperative complications that are most feared during 
laparoscopy, just as in open surgery, are vascular and 
viscus injury. The problem in laparoscopy is that such 
injuries may require an emergent change in the approach 
(i.e. conversion to hand-assistance or open surgery), 
whereas in open surgery the problem can be managed 
right there. As such, maneuvers during laparoscopic 
surgery must be more deliberate and careful, not because 
complications are easier to create but because they may be 
harder to manage. 


FUTURE OF LAPAROSCOPY 


Laparoscopy is now well established in urology. Certainly 
there are many applications for which laparoscopy have 
not yet reached its fullest potential, most notably RRP and 
radical cystectomy with urinary diversion. In addition, 
new and evolving technologies such as surgical robots, 
virtual reality, and telemedicine will likely enhance not 
only laparoscopy but also all surgical endeavors. The 
challenge for the next decade is not only to continue 
developing procedures and techniques but also to integrate 
laparoscopy into urologic practice such that it is no longer 
viewed as a technique for technical specialists but rather 
a technique for disease specialists. In other words, rather 
than having endourologists'® or other minimally invasive 
specialists perform all of the laparoscopic procedures, 
those with subspecialization in oncology should 
perform laparoscopic oncologic procedures, those with 
subspecialization in reconstructive urology should perform 
reconstructive laparoscopic procedures, and so on. In this 
way the urologic patient will benefit most from MIS.” 
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Currently, the laparoscopic adrenalectomy is the 
procedure of choice for adrenal tumors and proves to be 
a major advancement for the management of adrenal 
tumors. Usually three to five ports are required for the 
procedure. The laparoscopic adrenalectomy requires 
a much shorter hospitalization time, fast recovery and 
earlier return to work. Postoperative pain is markedly 
reduced after laparoscopic surgery and the general feeling 
of physical well-being returns at a much faster rate.' 


Common Indications for Laparoscopic 
Removal of the Adrenal Gland 


e Benign adrenal tumor, e.g. Cushing’s disease and 
Conn’s syndrome 

e Pheochromocytoma 

e Secondaries from lung, breast, etc. 

e Suspicious adrenal mass 

e Cushing’s syndrome: Removal of both adrenal glands 
is sometimes considered in patients who have brain 
pituitary tumors that produce excessive amounts of 
a hormone called adrenocorticotrophic hormone 
(ACTH). Adrenocorticotrophic hormone stimulates 
the adrenal to release steroids. In patients with pituitary 
tumors producing excessive amounts of ACTH, the 
adrenal is stimulated to produce an excessive amount 
of steroids causing Cushing’s syndrome. If the pituitary 
tumor is not treatable by standard neurosurgical and 
radiation treatments, then both the adrenal glands are 
removed to treat Cushing’s syndrome.*” 


TECHNIQUES OF LAPAROSCOPIC 
ADRENALECTOMY 
Laparoscopic adrenalectomy is the standard approach for 


most adrenal lesions. Indications include aldosteronomas, 
pheochromocytomas, Cushing’s adenomas, incidenta- 


Laparoscopic Adrenalectomy 


lomas, metastatic lesions, symptomatic myelolipomas, 
and feminizing/virilizing tumors. Large (> 6 cm) invasive 
carcinomas are considered by most to be the only 
contraindication to laparoscopic adrenalectomy. Reports 
of laparoscopic adrenalectomy for up to 15 cm lesions 
have been reported by experienced laparoscopists.*° 

A complete endocrine workup is required preopera- 
tively to help prevent the intraoperative hemodynamic 
liability associated with functional adrenal lesions. 
Hydration and medications may be needed 2-4 weeks 
preoperatively in some cases (calcium channel, alpha- or 
beta-blockers for pheochromocytomas, spironolactone 
and potassium for aldosteronomas). 

Transperitoneal (anterior or lateral), retroperitoneal 
(posterior or lateral), hand-assisted, and transthoracic 
laparoscopic approaches have been reported. Bilateral 
synchronous adrenalectomy and partial adrenalectomy 
have been performed. The laparoscopic approach to the 
adrenal gland is similar to that previously described for 
transperitoneal laparoscopic nephrectomy. Instead of the 
“L” shaped port configuration, however, 2-3 additional 
ports are placed in a subcostal location. The dissection 
can be compared to opening a book. For left-sided lesions, 
the spleen is mobilized medially while the characteristic 
yellow adrenal tissue is mobilized to the right (Fig. 127.2). 
Dissection continues in a counterclockwise direction. 
Small lesions may be difficult to identify within the 
overlying adipose tissue. As one mobilizes the spleen and 
pancreas medially, the adrenal vein will be seen entering 
the renal vein. One should be cautious superomedially 
because the inferior phrenic vein will join the adrenal vein 
before entering the left renal vein and must be controlled 
(Figs 127.3 and 127.4). After one ligates and transects 
the adrenal vein, blunt and sharp dissection will allow 
mobilization of the adrenal gland from the psoas muscle 
and superior aspect of the kidney.'°” 

On the right side, the surgical approach is again 
analogous to opening a book, and dissection proceeds ina 
clockwise direction. The triangular ligament is incised with 
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the posterior peritoneum, allowing medial retraction of the 
liver and colon. This exposes the inferior vena cava (IVC), 
and the adrenal is mobilized to the left. The adrenal vein 
is identified, ligated, and transected. Caution is necessary 
because an anomalous adrenal vein (10% incidence) may 
be identified connecting to the hepatic vein. "+ 

The patient is positioned as usual in a right lateral 
decubitus. To perform the adrenalectomy, four trocars 
are used: (1) one operating trocar; (2) two trocars used for 
retraction and; (3) one that is used to place the laparoscope 
(Fig. 127.1). 

Usually, the dissection begins at the spleen’s lower 
pole. Splenic flexure of the left colon is identified and 
mobilized with the spleen by preserving around 1 cm of 
the peritoneal reflection. The spleen and the pancreatic 
tail is mobilized in one single “bloc”, in order to allow 
them to fall to the right side of the abdomen (Fig. 127.1). 

First landmark, encountered is the splenic vein 
and this allows it to reach the posterior aspect of 
pancreas. The dissection is continued from caudad to 
cephalad until achieved a complete mobilization of the 
splenopancreatic block. All bleeders are to be controlled 
and hemostasis should be perfect so that it is possible to 
differentiate between the colors of the varying anatomical 
structures. 

The splenic vein and splenic artery is also identified 
and should be mobilized along with the splenopancreatic 
block and the dissection is pursued caudally at the level of 
the renal hilum. Use of small peanut swabs on forceps is 
truly useful. 


Fig. 127.1: Anatomy of adrenal gland 


Now the next anatomical structure that needs to be 
encountered is the renal vein, which should be identified 
and carefully dissected, in order to avoid any confusion 
with the main adrenal vein. Opening of the Gerota’s fascia 
will expose the renal vein and can be identified due to its 
size and axis across the operative field—it goes straight 
through it from right to left. Adrenal vein has an oblique 
trajectory, cephalad and external course and can be 
controlled using harmonic scalpel, ligature or enseal (Figs 
127.3 and 127.4). 

Main adrenal vein may be controlled by applying a 
clip, and so as to be safer, a second clip is applied on the 
side of the renal vein. It is important to note that before this 
control, the gland should never be mobilized or retracted. 
Division of the main adrenal vein will allow the retraction 
of the whole adrenal gland. 

The dissection is carried out further in order to identify 
the middle adrenal artery—it runs in a straight line between 
the aorta and the adrenal gland. The artery is controlled by 
applying clips, allows to lift and push the adrenal gland 
externally with a small atraumatic peanut swab. 

Accessory adrenal vein can be found in every left 
adrenalectomy. The accessory adrenal vein’s axis that 
drains into a diaphragmatic vein is then identified and if 
isolated, controlled individually by clips and allows it to 
free the adrenal gland’s superior portion. The superior 
adrenal artery originates from an inferior diaphragmatic 
artery and flows straight into the adrenal gland, is isolated 
and dissected out carefully, then controlled by applying 
clips before being divided. 


Fig. 127.2: Port placement for the left-sided adrenalectomy 
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The inferior adrenal pedicle is closely associated with 
renal pedicle and extracare should be taken during the 
dissection to avoid dividing a superior polar renal artery, 
if any. Small posterior diaphragmatic vein is frequently 
present and is controlled using coagulation. 

The inferior pedicle is controlled by applying clips 
and dividing. When all three arterial pedicle, most of the 
adrenal gland’s vascular supply, is controlled and now 
needs to be freed ofits posterior attachments and the gland 
will then usually be placed in an extraction bag. Resected 


Adrenal 
vein 


Fig. 127.3: Isolation and division of the adrenal vein during the 


process of the laparoscopic adrenalectomy 


ype DV iaka 
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specimen is then extracted through the trocar incision, 
previously enlarged in order to remove the specimen 
without undue strain or splitting the extraction bag. 


HAND-ASSISTED LAPAROSCOPIC SURGERY 


This is a modification of pure laparoscopic surgery, which 
allows the surgeon to insert a hand inside the abdomen 
during surgery. This procedure allows better retraction 
and easier dissection of abdominal organs since the 
advantages of using the human hand that is present during 
open surgery is now also available during laparoscopic 
surgery. 

The hand-assisted device appears to be advantageous 
since the operative time is markedly reduced and larger 
tumor can be removed. While dealing with the larger 
tumors, standard laparoscopic procedures are less 
desirable, due to the risk of cancer. Using hand-assisted 
laparoscopic surgery (HALS) large adrenal tumors can 
be safely removed intact and with a rim of surrounding 
normal tissue to obtain clean microscopic-free margins 
around the tumor tissue. Moreover, the ability to 
intraoperative palpation of the tumor allows the surgeon 
to make an early assessment as to whether the lesion 
is benign (noncancerous) or malignant (cancer) and 
therefore convert to an open procedure if cancer of the 
adrenal gland is suspected. Finally the retrieval organ will 
be much easier through the hand-assisted port. 10415 


Complications Laparoscopic Adrenalectomy 


Complication rates from laparoscopic adrenalectomy are 
8-29%. Open conversion rates range from 0 to 5%. Vascular 


Figs 127.4A and B: Laparoscopic adrenalectomy is in progress 
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injuries (transfusion rate 3%), visceral injury (3%), heart 
failure (pheochromocytoma), infections (Cushing’s 
syndrome), pneumothorax (< 1%), and deep venous 
thrombosis have been reported. Subclinical Cushing’s 
syndrome may result in an Addisonian crisis, typically 
within the first 10 postoperative days. Laparoscopic 
adrenalectomy offers significantly less postoperative 
pain, earlier time to oral intake, shorter length of hospital 
stay, and more rapid recovery when compared to open 
adrenalectomy.” 
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Laparoscopic radical nephrectomy uses a minimally 
invasive approach (laparoscopy) to perform exactly the 
same procedure that is done in open radical nephrectomy. 
In any radical nephrectomy (open or laparoscopic) the 
entire kidney, including the kidney cancer is removed. The 
operation involves removal of the kidney along with the fat 
around the kidney. All ofthis tissue is contained in aleathery 
layer known as Gerota’s fascia. If the kidney cancer is quite 
large and near the adrenal gland which is adjacent to the 
kidney, the operation can include removal of the adrenal 
gland as well. The operation also often includes removal of 
the lymph nodes which are around the kidney.'® 


HISTORY 


Widespread interest in urologic laparoscopy was rekindled 
when the first total laparoscopic nephrectomy was 
performed in 1990. Laparoscopic nephrectomy has become 
the most common laparoscopic urologic procedure. First 
popularized for the removal of benign, nonfunctioning 
renal units, laparoscopy has now become a well-accepted 
technique for renal malignancies. Indications for 
laparoscopic nephrectomy include nonfunctioning kidneys, 
chronic infections, symptomatic polycystic kidney disease, 
and tumors. Initially, large tumor size was considered a 
contraindication for laparoscopic nephrectomy, but with 
experience tumor size has become less ofan issue. The only 
limitation is the expertise of the laparoscopic urologist. 
Laparoscopic excision of a level 1 venous thrombus has 
been reported. Relative contraindications include large 
venous thrombus, adjacent organ involvement, and 
widespread metastatic disease.’ 


APPROACHES FORLAPAROSCOPIC NEPHRECTOMY 


Transperitoneal or retroperitoneal approaches are used, 
depending on surgeon preference. Each technique has 


Laparoscopic Radical 
Nephrectomy 


advantages and disadvantages. The transperitoneal route 
provides a capacious working space and allows direct 
visualization offamiliarintraperitonealanatomycompared 
to the retroperitoneal technique. Transperitoneal access 
may be difficult, however, in patients who have had 
extensive abdominal surgery. 

The retroperitoneal approach allows easier and more 
rapid access to the renal artery from the posterior aspect 
and avoidance of intra-abdominal organs and adhesions. 
The disadvantage of the retroperitoneal technique is the 
limited working space. Comparisons of the two techniques 
have shown no difference in operative times, cost, length 
of stay, or postoperative convalescence. 

The approach therefore is dictated by the familiarity 
of the surgeon and the patient’s condition. Hand-assisted 
laparoscopic nephrectomy (HALN) has been accepted 
as the technique of choice by many urologists. This 
technique has the advantage of using the surgeon’s hand 
to retract, dissect, and guide the laparoscopic tools during 
laparoscopicnephrectomy. Asmall (approximately 7-8cm) 
incision is required for the hand-assistance device, which 
maintains pneumoperitoneum. Numerous retrospective 
comparison studies between pure laparoscopic and HALN 
show similar postoperative pain, time to oral intake, and 
convalescence. Operative times for HALN are shorter than 
laparoscopic nephrectomy in some series. 


Positioning for Laparoscopic Nephrectomy 


Positioning for laparoscopic nephrectomy is similar to that 
of flank approaches for open renal surgery. Ifa Pfannenstiel 
incision is to be used for specimen extraction; it is best 
marked in the supine position because its location often 
changes when the patient is positioned and the abdomen 
insufflated. Sequential compression stockings are placed. 
After initiation of general anesthesia, a Foley’s catheter 
and oral/nasogastric tube are placed and the patient 
is turned into a (modified) lateral decubitus position 
(45°-90° with lesion side up, depending on the specific 
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approach and surgeon preference). The lower knee is 
flexed and the upper leg is straight. All pressure points 
are adequately padded. The table may or may not require 
flexion depending on the specific approach and surgeon’s 
preference, and the patient is secured. The ipsilateral arm 
is flexed and secured with a pillow or arm supporter. The 
surgeon and assistant both stand towards the patient’s 
anterior body wall for the transperitoneal approach. 


Techniques for Laparoscopic Nephrectomy 


The techniques for a laparoscopic nephrectomy will 
be discussed in detail as a template for other common 
laparoscopic urologic procedures. Many variations on 
port placement have been used. For transperitoneal 
laparoscopic nephrectomy, a 4-port “L” shaped 
configuration for left nephrectomy and a reversed “L” 
shaped pattern for right nephrectomy is commonly used. 

The initial trocar is placed two fingerbreadths below 
the costal margin at the lateral edge of the rectus muscle 
and the abdomen is insufflated initially to 15-18 mm Hg. 
Intra-abdominal organs are inspected for inadvertent 
injury. Another port is placed in the mid-axillary line two 
fingerbreadths above the iliac crest. One to two additional 
ports are placed along the lateral edge of the rectus muscle 
including one able to accept the endoscopic stapler, if one 
anticipates its use.*® 

Depending on the patient’s body habitus and 
relative position of the kidney and spleen/liver, other 
configurations may be chosen. If hand-assistance is 
chosen, port placement is altered, to allow room for the 
hand-assistance device template. For left-sided lesions, 
the hand-assistance device is typically placed in the 
midline and may incorporate the umbilicus. 

For obese patients, the device may be placed 
paramedian, closer to the pathology. For right-sided 
lesions, the device may be placed in the midline or 
alternatively in the right lower quadrant using a muscle- 
splitting diagonal incision (Gibson). Placement of the 
hand-assistance device is dependent on the surgeon’s arm 
length, optimal position of the surgeon’s nondominant 
hand, and the patient’s body habitus. Some devices are 
designed for placement before insufflation, whereas 
others may be added later in the procedure. 

For left-sided lesions, the left colon is mobilized from 
the splenic flexure toward the iliac vessels, leaving the 
anterior fascicle of Gerota’s fascia intact. The lienophrenic 
ligament is incised, allowing medial rotation of the spleen. 
Further, medial rotation is achieved by mobilizing the 
pancreas, thus revealing the renal hilum. The ureter is 
identified lateral to the gonadal vein on top of the psoas 
muscle. 


The ureter can be transected with a variety of 
instruments. Following the gonadal vein superiorly will 
help identify the renal vein. The renal vein is dissected over 
the aorta to help avoid damage to the adrenal or lumbar 
veins. One should be careful using clips on vascular 
branches near the renal hilum because these can interfere 
with subsequent utilization of the endoscopic stapler. 

The renal artery is typically found posterior to the renal 
vein and is transected after securing it with locking plastic, 
titanium clips, or the endoscopic stapler. Once the artery 
is transected, the renal vein is secured and transected in a 
similar fashion. Rarely, ifthe hilar dissection is difficult and 
the vein and artery cannot be separated, the endoscopic 
stapler can be used to transect the artery and vein en 
bloc. The superior border of the kidney is dissected, either 
incorporating the adrenal or below the adrenal if salvage 
is planned. A definite adrenal artery is rarely identified. 
The lateral renal attachments are the last to be transected, 
because they help suspend the kidney and ease hilar 
dissection (Fig. 128.1). 

The kidney can be removed intact or morcellated 
after being placed into a specimen retrieval bag. If 
intact extraction is desired, a premarked incision is 
utilized, or a port site may be extended for extraction. 
For morcellation, the neck of the bag is brought through 
the port site. Appropriate drapings should be used to 
prevent potential tumor seeding. Blunt forceps are used 
to remove the specimen piecemeal, and laparoscopic 
monitoring is used to help prevent injuries. These 
instruments are then considered contaminated and 
are removed from the field. As with all laparoscopic 
procedures, insufflation pressures should be reduced to 
5 mm Hg for final evaluation of hemostasis. 


Fig. 128.1: Division of the renal artery during laparoscopic 
nephrectomy 
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Port sites more than 5 mm that utilized cutting trocars 
require fascial closure. The skin is approximated with 
subcuticular suture or liquid incisional sealant. The 
technique for right-sided transperitoneal nephrectomy 
is similar. The ascending colon is mobilized from the 
hepatic flexure toward the iliac bifurcation. The triangular 
ligament is incised, with care not to injure the diaphragm. 
The liver is retracted with a blunt-tipped instrument. If 
necessary, the duodenum is mobilized medially to help in 
exposing the inferior vena cava (IVC). 


RETROPERITONEOSCOPIC LAPAROSCOPIC 
NEPHRECTOMY 


After an incision is made over Petit’s triangle, blunt 
dissection through the lumbodorsal fascia is performed 
and a plane is developed over the psoas muscle. A 
dissecting balloon trocar is placed into this space. There are 
commercially available dissecting balloon trocars for this 
purpose, or a “homemade” version can be constructed by 
attaching a glove to a catheter. The commercially available 
dissecting trocar has the added advantage of allowing the 
laparoscopist to visually inspect the dissecting process 
and ensure proper location. This expansion typically 
requires 500-1,000 cc of balloon inflation. The renal 
artery, ureter, or both may be seen through the balloon’s 
wall. Pneumoretroperitoneum is then created and 2-3 
additional port sites are placed, according to surgeon’s 
preference.'* 

Blunt dissection easily exposes the artery, which is 
clipped and transected. Anterior to the arterial stump, 
the vein is identified, dissected, and controlled in a 
similar fashion as previously described. After hilar 
control, the ureter is identified and transected. Further 
dissection is similar to that of transperitoneal techniques. 
Many laparoscopists remove the specimen intact when 
performing retroperitoneoscopic nephrectomy due to 
the limited working space. If morcellation is preferred, 
specimen-bag entrapment may require incising the 
peritoneum, if the specimen is large. The final steps of 
ensuring hemostasis under low-pressure insufflation and 
inspecting the port sites remain the same. 

The technique for HALN is similar to that for 
transperitoneal laparoscopic nephrectomy. The hand- 
assistance device incision is made according to the 
manufacturer’s directions, and 2-3 subsequent ports are 
placed according to surgeon’s preference. Dissection is 
similar to the transperitoneal description above. Lateral 
renal attachments can be transected earlier because 
the hand can provide counter traction, facilitating hilar 


dissection. Specimen extraction is rapidly performed 
through the hand-assisted incision. 


Hand-assisted Laparoscopic Nephrectomy 


Since a kidney is too big to be removed through any of 
the 1/4” inch diameter laparoscopic port sites, ultimately 
even the laparoscopic approach requires a mini incision 
(2.5” long) for the removal of the final specimen. Today, 
kidney surgery can be “hand-assisted” in which that 
mini incision is made at the beginning of the case. The 
surgeon’s one hand is introduced right from the start 
through this small incision to assist in the procedure, 
which is performed with instruments, passed through 
two additional laparoscopic ports. This small incision also 
later serves as the exit route for the final specimen. It does 
not seem to matter whether the removal of the kidney 
is a purely “laparoscopic nephrectomy” (with a later 
final mini-incision to remove the specimen) or a “hand- 
assisted laparoscopic nephrectomy” with a hand in the 
abdomen from the beginning to provide the surgeon with 
better control and tactile feedback. Both approaches are 
excellent and both avoid the complications seen with the 
open surgery.*” 


COMPLICATIONS 


As with any surgery, there are risks involved when 
under going removal of a kidney. The general risks of 
surgery include infection, bleeding, blood clots, and 
adverse reactions from anesthesia. The risks specific to 
a nephrectomy include kidney failure of the remaining 
kidney if overworked due to disease or impaired function. A 
laparoscopic nephrectomy is less invasive than traditional 
surgical techniques and some advantages of laparoscopy 
are smaller incisions, less exposure of internal organs to 
external equipment, and less blood loss and transfusions. 
Following the surgery, there is often less pain, shorter 
hospital stays, and faster healing times. 

Although there are significant advantages to 
laparoscopic nephrectomy procedure, the surgery lasts 
longer than traditional surgery, so more time is spent 
under general anesthesia. This can exacerbate difficulties 
with anesthetics. The smaller working space without an 
open viewing area can also raise the risks of injuries to 
surrounding organs and blood vessels. 

Overall, the complication rate of laparoscopic 
nephrectomy surgeries is similar to the rate of traditional 
nephrectomy surgeries. This fact, paired with the 
advantages of laparoscopy, pushes the field oflaparoscopic 
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surgery forward, and as more surgeons perform this 
procedure the techniques will improve as well. The 
complication rate from laparoscopic nephrectomy 
ranges from 8 to 17%. Open conversion is required in 
1.7-4% of cases. Minor complications include ileus, mild 
hemorrhage, urinary tract infection, hernia, and wound 
infection. Major complications include pulmonary 
embolus; pneumothorax; injury to the duodenum, spleen, 
liver, or pancreas; and major hemorrhage from the aorta, 
IVC, or iliac, gonadal, lumbar, or renal vessels. Technical 
complications are more common during the first 30-50 
cases of a surgeon’s experience." 


OUTCOMES 


Numerous studies have attempted to compare 
laparoscopic nephrectomy with open nephrectomy. 
Overall, laparoscopic nephrectomy offers shorter length 
of hospital stay, earlier time to oral intake, and less pain 
medication requirement with similar complication and 
cancer-control rates. Numerous studies have documented 
longer operative times for laparoscopic approaches; 
however, with surgeon experience, operative times may 
even be shorter than with open techniques. Studies, 
comparing different laparoscopic techniques show 
similar outcomes, suggesting that no one’s approach is 
uniformly superior. The surgeon should be familiar with 


the various techniques so that the optimal procedure can 
be performed.*® 
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Nephron sparing surgery (NSS) is considered to be an 
advanced laparoscopic procedure. In certain instances, 
notably for smaller cancers or those growing from either 
the upper or lower ends of the kidney, “nephron sparing” 
surgery (which removes the whole cancer yet leaves the 
cancerless but still functioning kidney behind) can be 
performed by either the laparoscopic or hand-assisted 
laparoscopic techniques. “Nephron sparing” surgery 
should only be considered when it is felt: (1) the procedure 
will completely (and safely) remove the cancer and; (2) 
the remaining cancer-less kidney has function that is 
necessary to the patient and is viable enough to survive on 
its own. Computed tomography (CT) scans (Fig. 129.1) and 
consultations with nephrologists are usually undertaken 
to evaluate patient, preoperatively in consideration of 
such “nephron sparing” procedures.'* 

Open partial nephrectomy is performed in patients with 
renal lesions and risk for postoperative renal insufficiency 


in right kidney 


Laparoscopic Nephron 
Sparing Surgery 


(anatomically solitary kidney, bilateral lesions, significant 
preoperative renal insufficiency) or risk factors for future 
renal disease. Patients who are candidates for open 
partial nephrectomy have been treated with laparoscopic 
radical nephrectomy because of the decreased morbidity. 
Recently, reports of laparoscopic partial nephrectomy 
(LPN) have become more common. Laparoscopic partial 
nephrectomy has emerged as an attractive and minimally 
invasive treatment, alternative for select patients with 
a small renal tumor. Indications for LPN are absolute, 
relative and elective.**° 


INDICATIONS 


Absolute indications include tumor in the setting of 
solitary kidney, or in patients with compromised renal 
function, and bilateral renal tumors. Relative indications 
include situations where there is a current or future 
threat to renal function such as hypertension, diabetes or 
contralateral renal issues such as renovascular disease, 
stone disease, cyst, ureteropelvic junction obstruction 
or other anatomic or functional abnormalities. Elective 
indications include a small tumor in the presence of 
normal contralateral kidney and normal renal function. 
Until recently, elective partial nephrectomy was indicated 
only for pTla tumor less than or equal to 4 cm in size. 
More recently, these indications have been extended to 
select patients with anatomically favorably located pT1b 
tumors up to 7 cm in size. With increasing experience 
and confidence we now handle larger infiltrating tumors 
requiring heminephrectomy,® central tumors, hilar 
tumors or tumor in a solitary kidney.**” 


TECHNIQUE OF LAPAROSCOPIC PARTIAL 
NEPHRECTOMY 


Technique of LPN duplicates the open partial 
nephrectomy technique.*® The 3D CT scan helps in 
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planning the procedure preoperatively. Intraoperative 
real-time laparoscopic ultrasonography is used as a 
surgical navigation device during tumor resection." 
Transperitoneal approach is more preferred than the 
retroperitoneal approach, since the retroperitoneal space 
being smaller leads to more difficult angles for suturing. 
The bloodless operative field with clear visibility achieved 
by en bloc hilar clamping with a Satinsky clamp is 
essential for precise tumor excision, precise pelvicalyceal 
suture repair and precise parenchymal closure 
(Fig. 129.2). Individual dissection of the renal artery and 
renal vein is unnecessary for adequate clamping, may 
cause arterial vasospasm, increase the risk of vascular 
injury, and increase the operating time. Intraoperative 
fluid management and pharmacorenal protection is 
necessary. Experimental evidence suggests that the 
kidney tolerates warm ischemia for up to 30 minutes, with 
complete functional recovery within 1 week (Fig. 129.3). 
When warm ischemia is predicted to last considerably 
longer than 30 minutes, renal hypothermia is necessary. 
Putting the ice slush over the surface of the kidney is the 
technique of choice for achieving renal hypothermia used 
in the open and laparoscopic partial nephrectomy.'*'° 
Pelvicalyceal suture repair provides a watertight closure 
and avoids perioperative urine leak. Tumor resection is 


Fig. 129.2: Maintaining a bloodless surgical field to maximize 
visualization, precision, and hemostasis is fundamental to the 
success of nephron sparing surgery. Global ischemia is considered 
for internally growing kidney mass and centrally located tumors. 
The ideal mass for regional ischemia grows outside the kidney 
surface, is polar in location and is away from hilar structures 
(Courtesy: Mayo clinic) 


Fig. 129.3: Aesculap’s Simon renal pole clamp is a new device 
proven to eliminate ischemia time constraints and allow continuous 
blood perfusion to the functioning kidney 


performed using “cold” endoshears. “Hot” scissors chars 
the tissue, and results in poor visualization of the tumor bed 
and an inexact line of parenchymal incision. Parenchymal 
hemostasis is an important part of the procedure; the most 
effective method remains the application of hemostatic 
parenchymal sutures duplicating open surgical technique. 
Gelatin-matrix-thrombin tissue sealant (FloSeal) is an 
effective adjunct in maintaining hemostasis. Its application 
does not require a dry field.” 

Transperitoneal, retroperitoneal, and hand-assisted 
techni-ques have been described. Although the overall 
technique is similar to that for laparoscopic radical 
nephrectomy, a few modifications are required. Some 
physicians perform preoperative ureteral catheterization 
to help and ensure adequate collecting system closure. 
Laparoscopic ultrasound may be useful to delineate tumor 
margins and multifocality. The kidney is dissected from 
Gerota’s fascia and perirenal fat, except for the fatty tissue 
directly over the lesion. 

The renal artery may be occluded with a laparoscopic 
bulldog or, alternatively, a loop or hand can be used 
for localized compression. Intracorporeal cooling with 
ice slush has been described. Maneuvers to minimize 
reperfusion injury (intravenous fluids, mannitol) can 
be used as with open partial nephrectomy. Enucleation 
or wedge resection can be performed with endoscopic 
scissors, electrocautery, or coagulating shears. Frozen 
section may be used to assess tumor margins. Biopsies of 
the base of the resection bed is recommended by some 
authors. Vessels and collecting system entry sites are 
closed using manual intracorporeal suturing techniques 
or with a variety of tissue glues. 

The overlying parenchyma is frequently coagulated 
using the laparoscopic argon beam coagulator. Tissue 
glues and bulking agents (collagen, gelatin, etc.) may be 
placed on the resection bed to help ensure hemostasis. 
Bolstering sutures can be placed to compress and 
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reconstruct the remaining renal tissue. Once reperfused, 
the surgical area is inspected for hemostasis. This is a 
procedure in evolution, and the optimal technique is yet to 
be determined. Complications of LPN including delayed 
hemorrhage and urinary leak, are similar to those of open 
partial nephrectomy. Port site recurrences have not been 
documented. Long-term follow-up is needed to ascertain 
if cancer-control rates are equivalent to those of open 
partial nephrectomy. 

Modifications to LPN include cryoablation and radio- 
frequency coagulation of small peripheral renal lesions. 
The dissection techniques are similar to that for LPN. 
A biopsy specimen is frequently taken to document 
localized renal cell carcinoma. For cryoablation, the probe 
is passed into the tumor and the lesion is frozen to minus 
20°C, thawed, and then refrozen to ensure adequate tissue 
destruction. 

This process can be monitored by laparoscopic 
ultrasound to ensure that the “iceball” extends 1 cm 
beyond the tumor margin. The probe is gently released 
after the lesion has thawed. Pressure, fibrin sealant, 
and gelatinized foam help to ensure hemostasis. 
The radiofrequency ablative technique is similar. A 
percutaneous radiofrequency probe is introduced into the 
lesion after adequate mobilization and biopsy. The probe 
delivers 50-100 W of energy and is preset to the estimated 
tumor volume plus a margin of normal surrounding 
tissue. Temperature at the tip of the probe is 100°C. 
After treatment, the lesion may be resected and a biopsy 
specimen taken from the base or the coagulated mass can 
be left in situ. Postresection techniques for hemostasis are 
similar to those for LPN. Cryoablation and radiofrequency 
coagulation techniques may decrease blood loss and 
operative times compared to partial nephrectomy. Renal 
arterial clamping is unnecessary, thus avoiding possible 
ischemia and reperfusion injuries associated with 
traditional partial nephrectomy. Complications are similar 
to those of LPN. Long-term data are unavailable, and close 
follow-up is required. 

Partial nephrectomy has become the treatment 
choice for removing localized cancer allowing for most 
of the kidney to be preserved. This procedure is used 
infrequently, as the cancer must not have spread to other 
parts of the kidney muscle and tissue. Over the last 10 years 
it was possible to refine techniques in partial nephrectomy 
that have allowed for broader indications. There is ample 
scientific evidence to now show that survival is equivalent 
between partial nephrectomy and radical nephrectomy 
as long as negative margins can be maintained. Kidney 


function can be maximally preserved with partial 
nephrectomy operations. 


CONCLUSION 


Laparoscopic partial nephrectomy is a_ technically 
challenging procedure because of its intraoperative 
complexity and potential complications. It should be 
reserved for those with adequate prior laparoscopic 
experience. Initially, it should be employed in selected 
patients with a small tumor in an anatomically favorable 
location. With increasing experience in over 500 cases, 
we are now performing LPN for more advanced and 
challenging tumors, which hitherto were the exclusive 
preserve of open partial nephrectomy. Long-term (> 5 
years) functional and oncological outcomes are being 
confirmed currently.” 
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PRELUDE 


The transitional cell carcinoma (TCC) affecting the upper 
urinary tract, though uncommon, constitutes a serious 
urologic disease. The radical nephroureterectomy remains 
the treatment of choice and gold standard. The operating 
technique has undergone numerous modifications over 
the years. Currently, the laparoscopic approach has gained 
in popularity in the last two decades. 

The technique of management of the distal ureteral 
and bladder cuff has been a subject of much debate. 
The objective of the nephroureterectomy procedure is 
to remove the entire ipsilateral upper tract in continuity 
while avoiding extravesical transfer of tumor-containing 
urine during bladder surgery. 

The primary urothelial carcinoma of the upper urinary 
tract accounts for about 5% of all renal and urothelial 
malignancies but it has been seen that, the incidence of 
upper tract TCC appears to be slowly increasing.'* 

Alternative therapies, such as endoscopic ablation/ 
resection and segmental ureteral resection, have 
been adopted, but still radical nephroureterectomy is 
considered the ideal treatment for upper tract TCC. 
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HISTORY 


In 1898, Le Dentu and Albarran performed the first 
complete open nephroureterectomy (ONU) for upper tract 
TCC. Kimball and Ferris in 1934 established the need for 
complete removal of the ipsilateral renal tract on finding 
a high incidence of tumor in the remaining ureter after 
simple nephrectomy for upper tract TCC.*° 

The upper tract TCC is frequently multifocal, has 
a higher rate of ipsilateral ureteral recurrence, is often 
associated with higher-grade disease and, therefore, 
carries a poorer prognosis compared to bladder TCC.°” 
For these reason, in the presence of a normal contralateral 
upper tract, complete removal of the ipsilateral kidney, 
ureter, and bladder cuff remains the gold standard 
treatment for large, high-grade, or invasive TCC. 


Laparoscopic 
Nephroureterectomy 


TECHNIQUE OF LAPAROSCOPIC 
NEPHROURETERECTOMY 


The laparoscopic nephroureterectomy (LNU) technique 
has not been adequately defined and continues to evolve. 
Options available in laparoscopic surgery may include 
a pure laparoscopic technique versus a hand-assisted 
technique; transperitoneal versus retroperitoneal; and the 
technique and approach to deal with the lower ureter.® 

The issue of the most appropriate oncological 
management of the lower ureter and bladder cuff has 
been the most debated and controversial aspect of this 
operation and many approaches, varying in technique and 
results, have been described over the time.®? 

Whatever the technique is adopted, the challenge is 
to ensure adherence to principles of reproducibility of 
results, patient safety, and oncological outcomes. The TCC 
is multifocal disease and even with a negative cystoscopy, 
up to a third of patients may have viable persistent tumor 
within the bladder. 

More importantly some patients will have vesical 
or paravesical recurrence due to urine spillage and the 
primary focus of the nephroureterectomy procedure 
remains to avoid extravesical transfer of tumor-containing 
urine during bladder surgery. Currently, the improvements 
in the surgical technique are addressed to modify the 
techniques employed in managing the distal ureter. 


MANAGEMENT OF THE DISTAL URETER 


The possibilities of recurrence of TCC within the residual 
ureteral stump/periureteral meatal region in cases 
of incomplete upper tract removal are often cited as 
between 30 and 64%.'°!? The removal of entire ureter, 
including the distal ureter with its intramural portion, 
the ipsilateral ureteral orifice (UO) and bladder cuff is 
mandatory and represents a distinct portion of the case, 
whether an open or laparoscopic approach to the kidney 
is used. This should be achieved by removal of an en bloc, 
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Fig. 130.1: Transurethral Collin’s knife mobilization of the distal ureter and bladder cuff 


“closed system” specimen following controlled occlusion 
of the UO. 

The most important issue is to avoid extravesical urine 
contact and adherence to these principles will reduce risk 
of spillage or seeding of tumor cells. The distal ureter may 
be removed through any of the method or its modifications. 
e Pluck technique 
e Pure laparoscopy 
e Open resection. 


Transurethral Resection of Ureteral Orifice 
(Pluck Technique) and its Modifications 


In this technique, the transurethral disarticulation of the 
intramural ureter along with the UO using a standard 
resectoscope loop or Collin’s knife is usually done prior to 
performing the laparoscopic nephrectomy. Ureteric orifice 
is resected deep into extravesical fat allowing subsequent 
“plucking” of the entire ureter from above. 

On completion of the ureteric orifice resection, 
the patient is put in the flank position for LNU. 
With standard laparoscopic technique the kidney 
is mobilized along with the ureter down to the level 
of the pelvic brim. A gentle traction on the ureter 
should result in the removal of the entire length of 
ureter down to the level of the detached distal ureter. 
Indwelling Foley catheter is left in the bladder for at least 
7 days. Related to this technique, the major concern is the 
risk of tumor cell spillage into the retroperitoneum with 
subsequent seeding and local recurrence.'*"° 


Pluck Technique Modifications 


A number of modifications on the pluck technique have 
been described in an attempt to minimize tumor spillage. 
Some authors advocated completion of the laparoscopic 
nephrectomy first with the clipping of the ureter to prevent 
distal migration, followed by transurethral Collin’s knife 
mobilization of the distal ureter and bladder cuff (Fig. 130.1).* 

A modification of the above technique is described 
which involves an application ofa ligature with aendoloupe 
through a cystoscope or a transurethrally placed 5 mm 
laparoscopic hem-o-lok clip on the ureteral stump, as an 
alternative to the Endoloop, to ensure a closed system.” 
The Endoloop or hem-o-lok clip on the ureteral stump also 
acts as a marker ensuring complete specimen removal. 
Both these studies report no pelvic tumor recurrences in 
the short term.***’ 


Ureteral Unroofing 


This technique has been described and popularized by 
the Washington University group.” This may be done with 
transperitoneal LNU and briefly comprises cystoscopic 
incision of the entire anterior length of the intramural 
ureter; electrocautery to the cut edges and floor of the 
intramural ureter; placement of a 7.5 F occlusion ureteral 
balloon catheter in the renal pelvis to preventurine spillage; 
laparoscopic dissection of the kidney and ipsilateral 
ureter down to the level of the bladder and specimen 
detachment following placement of an Endo-GIA stapler 
on the bladder cuff." 
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The technique has the theoretical advantage of 
minimizing urine leakage while maintaining a truly 
minimally invasive approach and promoting ureteral 
identification intraoperatively. The technique is 
contraindicated in the presence of active ureteral or 
bladder TCC.’ 

The pluck techniques are contraindicated in the 
presence of lower ureteral tumor and widespread urinary 
tract carcinoma in situ (Fig. 130.2). Coexistent bladder 
TCC is also a contraindication, where the bladder is left 
“open” with potential exposure of the perivesical tissues to 
malignant-cell laden urine.” 

Previous pelvic irradiation and active inflammatory 
conditions of the bladder are also contraindications 
of the pluck procedure. The blind pulling of the ureter 
is discouraged to minimize ureteral tearing and the 
possibility of residual tissue. The oncologically safe 
practice of maintaining a “closed” system is preferred 
and retroperitoneal exposure to potentially tumor cell- 
laden urine for any duration of time is best avoided (Figs 
130.3 and 130.4). 


Pure Laparoscopic Technique 


Laparoscopic approach offers distinct advantages in 

terms of blood loss, postoperative pain, recovery times, 

and equivalent short- and intermediate-term oncologic 

efficacy. Both the kidney and ureter are mobilized in the 

standard fashion and the distal ureter may be secured by 

one of two main techniques: 

l. Laparoscopic extravesical stapling of the distal 
ureter.*89 

2. Transvesical laparoscopic detachment and ligation 
(Cleveland approach).’”“! 


Fig. 130.2: A specimen of radical nephroureterectomy 


Fig. 130.3: Abundant growth of the transitional cell carcinoma in 
the pelvis of the kidney invading the cortical tissue 


Fig. 130.4: Occlusion of distal ureter by Hem-o-lok is important 
before the retrieval of the cuff of the bladder. This is done to avoid 
the possible tumor spillage into the bladder 


Laparoscopic Stapling 


Laparoscopic stapling method is usually combined with a 
ureteral unroofing procedure. The ureter is clipped early 
and dissected caudally until it diverges to merge with 
the detrusor muscle fibers at the ureterovesical junction 
(UVJ). A gentle traction on the ureter will tent up the wall 
of the bladder at the UVJ enabling placement of a 12-mm 
laparoscopic GIA tissue stapler or a large hem-o-lok clip. 
An on table bladder, filled with saline/methyline blue 
solution may be performed to exclude extravasation.® 

This laparoscopic stapling has advantages. It may help 
reduce operative time and facilitates a minimally invasive 
procedure while maintaining a “closed” urinary tract, thus 
preventing tumor spillage (Fig. 130.4). 
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Transvesical Laparoscopic Detachment and Ligation 


Transvesically placed laparoscopic ports was described 
by Gill et al. and is almost exclusively employed by 
the Cleveland clinic group. This is a modified “pluck” 
procedure, a transurethral Collin’s knife incision of the 
bladder cuff is performed after placement of a catheter 
into the affected ureter.” Following the establishment 
of a carbon dioxide pneumovesicum two 5 mm ports are 
inserted suprapubically into the bladder. 

The incised UO is tightly snared using a5 mm Endoloop 
(Ethicon, Cincinnati, Ohio, USA), preventing urine 
leakage from the ureter. Traction on the incised bladder 
cuff enables the mobilization of 3-4cm of distal ureter 
into the bladder. The entire ureter can then be pulled 
through cephalad after radical nephrectomy and ureteral 
dissection. A bladder catheter is left in situ for 1 week.*® 


Open Surgical Technique 


Traditional or classical open technique may be used either 
2-incision or extended single incision forms the standard 
against which all techniques are measured. Typically the 
lower ureter is treated after nephrectomy. This can be 
performed through alower midline, modified Pfannenstiel, 
or Gibson incision. The lower ureter is clipped, dissected 
free, and removed in continuity with the bladder cuff. The 
bladder cuff may be secured extravesically (using a right 
angle clamp) or via an anterior cystotomy. Entire en bloc 
specimen is delivered through the same incision.*** 

The traditional technique may have serious weakness. 
Blind extravesical clamping may compromise the 
contralateral UO and does not inevitably guarantee 
adequate bladder cuff retrieval.” Anterior cystotomy 
must be avoided in the presence of active bladder TCC as 
it retains the potential to seed tumor into the extravesical 
space. Moreover, early ligation/clipping of the ureter 
during the nephrectomy part is advisable. Prior pelvic 
surgery or irradiation and obesity may render the open 
procedure more challenging.” 

The hand-assisted laparoscopic nephroureterectomy 
referred as HALNU and is often stand between the 
open and laparoscopic technique. The arguments in its 
favor include a shorter learning curve, facilitates tactile 
feedback and the eventual requirement ofa longer incision 
following LNU for specimen extraction. The patients 
undergoing an HALNU could expect a quicker discharge 
from hospital, faster recovery, and fewer complications 
with an equivalent intermediate-term oncologic outcome 
compared to the open approach.” 

Open nephroureterectomy and HALNU have confirmed 
an overall equivalence with regards to cancer control in the 


short term.* But in the absence of prospective, randomized 
studies comparing ONU, LNU, and HALNU, itis injudicious 
to draw firm conclusions regarding the superiority of one 
technique over the other. Still it is though that the radical 
ONU still represents the gold standard for upper tract TCC, 
LNU appears to offer the advantages of minimally invasive 
surgery without deteriorating the oncological outcome in 
most cases.°* 5° 63 


CONCLUSION 


It is evident that the invigorating interest and enthusiasm 
for laparoscopy is infectious in our urologic specialty. The 
TCC of the upper urinary tract, though rare, constitutes a 
serious urological disease. It is curable in its early stages; 
there has been little improvement in disease-specific 
survival in high-risk patients over the last three decades. 
The radical nephroureterectomy, with en bloc removal of 
the entire ureteral length and cuff of bladder, remains the 
procedure of choice, and the technique has undergone 
numerous modifications in recent years. Integration 
of laparoscopy into urological practice has seen LNU 
emerge as a viable option for the management of upper 
tract TCC.%% 

Prospective studies with intermediate follow-up have 
clearly demonstrated the benefits of minimally invasive 
surgery (lesser morbidity, quicker recovery, better 
cosmesis) associated with LNU, along with comparable 
oncological efficacy in the hands of appropriately trained 
and experienced laparoscopic urologists.“* 

Issue of the distal ureteral remains unresolved. A 
number and complexity of available techniques will 
undoubtedly continue to evolve. The current data does not 
confirm the overwhelming superiority of one technique 
over the other. Every method has its distinct advantages 
and disadvantages and it is essential that the responsible 
surgeon adopt a meticulous, safe, reproducible, and 
oncologically safe technique. 
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Open pyeloplasty has been the standard treatment for 
congenital or acquired ureteropelvic junction (UPJ) 
obstruction in adults and children, with overall success 
rates of 90-100%.'* Open pyeloplasty has a high success 
rate done through either a flank, dorsal lumbotomy or 
anterior muscle splitting incision. Proponents of open 
pyeloplasty have shown that this procedure can be done 
without placement of an indwelling ureteral stent and 
along with simple percutaneous drainage by either a 
nephrostomy tube or a single Penrose drain.'” 

Although endopyelotomy’ and retrograde dilation’ are 
alternative approaches in children,°® the success of these 
two procedures is inferior to that reported for conventional 
dismembered pyeloplasty.’ In the initial reports, the 
operative time ranged from 3 to 7 hours, but the procedure 
has gradually gained in popularity and acceptance, with a 
reported success rate of over 95%.*"1° 


DIAGNOSIS 


Approximately, 1% of prenatal ultrasounds detect hydro- 
nephrosis in the fetus. In 50% of these cases, UPJ obstruction 
is the etiology, being more common in males, affecting the 
left kidney more often than the right, and with 10-30% of 
cases occurring in both kidneys (bilaterally). Neonates 
suspected to have this condition are evaluated for the 
obstruction using renal ultrasound and diuretic renography. 
Magnetic resonance urography has become part of the 
armamentarium as well. Debate continues as to whether or 
not a voiding cystourethrogram (VCUG) might be utilized to 
rule outvesicoureteral reflux as a cause ofthe hydronephrosis 
or as a concomitant finding. Symptoms of UPJ obstruction 
are typically seen in older children but can be seen in 
infants and include any combination of back or flank pain, 
hematuria, failure to thrive, flank mass, or pyelonephritis. 


Laparoscopic Pyeloplasty 


INDICATIONS 


The indications for laparoscopic pyeloplasty are similar 
to those for an open pyeloplasty, such as increasing 
hydronephrosis, progressive deterioration of renal function, 
recurrent urinary tract infection (UTI), and persistent 
pain. Refinement of instrumentation and experience with 
intracorporeal suturing allows reconstructive laparoscopy 
to be implemented in the pediatric population, and multiple 
techniques have already been described in the literature.’ 
One of the earliest descriptions of the transperitoneal 
Anderson-Hynes laparoscopic pyeloplasty in pediatric 
patients by Tan et al.’ recommended that it should not be 
performed in children less than 6 months of age. The advent 
of improved 3 mm instrumentation and laparoscopic 
telescopes has allowed better suture manipulation and 
visualization making it feasible even in infants less than 6 
months old. The key point to performing a laparoscopic 
pyeloplasty in the infant is based on the geometry of the 
patient’s body in relation to trocar placement. A triangle is 
formed with the umbilicus as the apex and the remaining 
points being lateral to the ipsilateral rectus muscle subcostally 
and at the level of the anterior superior iliac spine. 

Yeung et al. reported their initial experience with 
retroperitoneal laparoscopic pyeloplasty in 13 children, 1 of 
whom required open conversion. The mean operative time 
was 143 minutes (range = 103-235 minutes). El-Ghoneimi® 
reported their experience with 50 retroperitoneal cases in 
children aged between 22 months and 15 years. Conversion 
to open surgery was necessary in four cases due to technical 
difficulties during suturing. Mean hospital stay was 2 
days, and return to full activities occurred within 5 days 
of surgery. The longer time needed for the retroperitoneal 
approach is almost certainly related to the limited working 
space that renders suturing more difficult. 

Whereas open pyeloplasty has long been described, 
laparoscopic pyeloplasty has only recently been reported, 
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Fig. 131.1: Laparoscopic pyeloplasty 


and long-term outcome data are still being evaluated. There 
seems to be promise of a multicenter prospective study 
comparing open, laparoscopic, and robotic techniques 
with a treatment algorithm that will be common among 
the institutions evaluating the techniques. 

Laparoscopic pyeloplasty was first introduced in 1993. 
Since that time, it has become a favored approach to 
treating UPJ obstruction by many physicians (Fig. 131.1). 
Transperitoneal, retroperitoneal, and hand-assisted tech- 
niques have been described. Common to all approaches 
is the need to be well skilled in laparoscopic suturing, a 
difficult intracorporeal task. Port placement is similar to 
that for laparoscopic transperitoneal or retroperitoneal 
nephrectomy. Dissection and reconfiguration of the UPJ 
is similar to that of open techniques and is dependent on 
intraoperative findings. The Anderson-Hynes dismembered 
pyeloplasty, Y-V plasty, Heineke-Mikulicz reconstruction, 
Davis intubated ureterotomy, Hellstrom vascular relocation, 
and tubularized flap pyeloplasty have all been described 
laparoscopically. The procedure has been performed in 
infants, children, adults, and the elderly. 

Some physicians use fibrin sealant to cover the repair 
with only minimal suturing. The largest laparoscopic 
pyeloplasty series to date with 100 cases reveals a 96% 
obstruction-free rate with 2 years follow-up. A comparison 
of open versus laparoscopic pyeloplasty revealed 
equivalent pain relief, activity level improvement, and 
relief of obstruction. These outcomes are better than 
other minimally invasive approaches to UPJ obstruction, 
including retrograde and antegrade endopyelotomy or 
balloon dilation. 


The higher success of laparoscopic techniques 
compared to these other procedures is based on direct 
laparoscopic visualization of the pathologic areas, thus 
directing an appro-priate repair. Although endopyelotomy 
may be successful in patients with an intrinsic obstruction, 
delayed failure is not uncommon in those with crossing 
vessels. Laparoscopic pyeloplasty is associated with 
decreased blood loss compared to open techniques. 
Postoperative pain and convalescence are similar to 
those in endopyelotomy; however, operative times are 
longer. Newer techniques with fibrin sealant and fewer 
sutures may decrease operative times. Robotic-assisted 
laparoscopic approaches may facilitate complex fine 
suturing. Complications are similar to that for laparoscopic 
nephrectomy. In addition, fistula, urine leak, and infection 
have been reported. 

The evolution of surgical therapies continuously 
challenges open and endoscopic interventions with data 
emerging from laparoscopic pyeloplasty series. Debate 
concerning which approach to choose (i.e. transperitoneal 
or retroperitoneal) is based more on philosophy than 
true evidence-based medicine. It is has been stated that 
the gold standard of pediatric open renal surgery is the 
retroperitoneal approach and that minimally invasive 
surgery should follow the same rules.” Typically, 
surgeons who have started with retroperitoneal extirpative 
laparoscopic procedures perform pyeloplasties in a 
retroperitoneal fashion. However, this is not for everyone 
because of the longer time needed for the retroperitoneum 
related to the limited working space, which makes suturing 
more difficult early in the learning curve.” However, there 
are no data to show that a transperitoneal approach has any 
increased complication rate or decreased success rate. The 
approaches appear to be equal, and overall laparoscopic 
pyeloplasty in children has been demonstrated to be 
feasible and to have satisfactory results approaching that 
of open pyeloplasty. 3151920271 

When comparing the gold standard open approach to 
the laparoscopic approach,” the mean operative time was 
significantly shorter in the open surgery group (96 minutes, 
range = 50-150 minutes) versus the laparoscopy group (219 
minutes, range = 140-310 minutes) (P < 0.0001). On the 
other hand, the mean postoperative use of analgesics and 
hospital stay were less in the laparoscopy group. The major 
disadvantage ofthe laparoscopic approach is thatitis clearly 
technically challenging, leading to increased surgical times 
because of the high proficiency required for intracorporeal 
suturing. Although automated devices that facilitate 
suturing are available,” accurate suture placement and 
unavailability of a small size for pediatric application limit 
their use.” Development of novel alternatives to suturing, 
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Fig. 131.2: Robotic pyeloplasty in progress 


such as fibrin glue and laser welding, may enhance the 
utilization of the laparoscopic approach; however, the 
results with these methods alone have not yet matched 
the success of conventional sutures in providing adequate 
tensile strength of the anastomosis.” Therefore, surgeons 
interested in this approach can help decrease the operative 
times in pediatric laparoscopy through suturing practice 
and training in an inanimate model.” 


Robotic-assisted Laparoscopic Pyeloplasty 


Robotic-assisted laparoscopic pyeloplasty can be performed 
via a transperitoneal or retroperitoneal approach (Fig. 
131.2). For the transperitoneal approach, the patient is 
anesthetized, a Foley’s catheter is placed, and the patient is 
placed in the supine position. A 30-degree wedge is placed 
under the side of the UPJ to be repaired and the patient is 
secured to the table. The patient is then prepared from the 
xiphoid process to the pubic symphysis. 

Three ports are placed: (1) an umbilical camera port; 
(2) a midline working port between the umbilicus and 
xyphoid process, and; (3) the second working port at the 
midclavicular line below the umbilicus. We prefer the open 
technique for placement of the first port, and a puncture 
technique for the working ports. After port placement, the 
patient is tilted 60 degrees and the robot is docked over the 
patient’s ipsilateral shoulder. 

Exposure of the UPJ is accomplished via a 
transmesenteric approach on the left, or with mobilization 
of the colon on either side. The dissection of the ureter 
and renal pelvis is then performed in the same fashion as 
would be in open surgery. In addition, the same principles 
of gentle and minimal tissue handling are strictly adhered 


Fig. 131.3: Robotic hand instruments 


to. To aid in visualization and reconstruction of the UPJ, a 
“hitch stitch” is placed through the renal pelvis to elevate 
it. This stitch can be advanced through the abdominal 
wall and secured outside the patient with adjustments 
performed by the patient-side assistant surgeon, or it can 
be secured to the abdominal wall internally. 

The renal pelvis is then incised and the ureter is 
immediately spatulated laterally to preserve ones 
orientation. The ureteropelvic anastomosis is performed 
using 5-0, 6-0, or 7-0 absorbable suture material. 
Interrupted or running suture may be used. After the 
posterior aspect of the anastomosis is complete, drainage 
of the repair should be considered. 

The stent may be placed in an antegrade fashion 
following introduction of the stent into the abdominal 
cavity via a large-bore angiocatheter. The appropriately 
sized JJ stent is advanced down the ureter over a guidewire. 
The guidewire is then removed and the proximal portion 
of the stent is placed in the renal pelvis. To confirm its 
correct placement, the bladder may be filled with diluted 
methylene blue and reflux of the dye should be seen at the 
level of proximal end of the stent. Alternatively, the stent 
may be placed immediately prior to the robotic surgery via 
a retrograde cystoscopic approach. 

Following stent placement, the remainder of the 
anastomosis is completed. A drain may or may not be 
placed before the closure of the port (Fig. 131.3). 


COMPLICATIONS 


In the adult population, the total rate of laparoscopic 
complications is approximately 4 to 6 per 1,000,*°*’ and the 
mortalityis approximately 3 per 100,000.” The complication 
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rate is significantly associated with the complexity of the 

procedure, as seen in two large adult studies.” The true 

danger lies in the fact that complications can often be 

overlooked during laparoscopic surgery. The postoperative 

rather than intraoperative recognition of these injuries 

increases the severity of the sequelae.” In Chapron’s 

series,”® 1 in 4 complications was diagnosed subsequent 

to surgery because of consequences of the complication. 

Diligent inspection of the viscera at the end of every 

procedure may help identify an injury. Postoperatively, 

a patient should continue to improve hourly in the 

immediate postoperative period and then dramatically 

day by day over the first week. If this sequence does not 

occur, then one must be wary ofa missed injury, and acting 

quickly to solve it should minimize adverse outcomes.” 

Potential complications with pyeloplasty: 

e Bleeding requiring transfusion (1 per 5,000) 

e Trocar or insufflation needle damage to viscera or 
vessels (1 per 3,000) 

e Thermal damage to tissues or organs (1 per 2,500) 

e Hernia at the port site and/or internally (< 1%) 

e Wound infection (< 1%) 

e Persistent leakage of urine (< 1%) 

e Stent migration (< 1%) 

e Re-obstruction (transient (5-10%) and persistent (1-3%) 

e Urinary tract infection with stent in place (5%). 


CONCLUSION 


Transperitoneal and retroperitoneal approaches are 
reported to have comparable outcomes. Retroperitoneal 
approach has been difficult in the following scenarios: (1) 
children under 15 kg with extremely large renal pelvises 
and; (2) previous violations of the retroperitoneal space. 
Robotic pyeloplasty is a fun. The cost ofthe da Vinci system is 
prohibitive but is gaining its preference. For a relatively long 
obstructed UPJ segment associated with a hydronephrotic 
extrarenal pelvis, several flap pyeloplasty techniques, such 
as a Culp-Deweerd spiral, Scardino-Prince vertical flap, 
and a dismembered tubularized renal pelvic wall flap, have 
been performed, as described by Gill et al.” 
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Currently, robotic-assisted radical prostatectomy has 
become a choice in most high volume center. As, the 
medical technology improved with the improvement of 
the optics, and the widespread use of new laparoscopic 
instrumentation such as ultrasonic cutting and 
coagulating devices (Harmonic scalpel), laparoscopic 
radical prostatectomy began to gain acceptance and 
was performed increasingly in several high volume 
centers worldwide (Figs 132.1A and B). But the technical 
demands of laparoscopic radical prostatectomy could not 
be met by most of the urological centers. Although the first 
laparoscopic radical prostatectomies were performed by 
Schuessler in 1992 but unfortunately until currently, this 
technique did not gain widespread acceptance because of 
its extreme technical difficulty and it offered no advantage 
over the criterion standard of open radical retropubic 
prostatectomy." 


Robotic Radical 
Prostatectomy 


Initially, the da Vinci robotic system was developed by 
the United States Department of Defense for use in military 
battlefield applications. Robotic technology was adapted 
for civilian use through the entrepreneurial efforts of two 
rival corporations, Intuitive Surgical Inc. and Computer 
Motion Inc., of which the later disappeared from the 
world market. da Vinci surgical system offered by Intuitive 
Surgical, Inc. become a state-of-the-art equipment for 
prostatectomy (Fig. 132.2). The system consists of a 3- or 
4-armed robot connected to a remote console. Surgeon 
operates the system while seated at the console. Three- 
dimensional (3D) displays provide a unique and novel 
depiction of the surgical field not previously incorporated 
in other systems. The foot pedals are used to control. 8-10 
mm ports are used for the instruments. The instruments 
in the robotic hand have unique rotation capabilities (i.e. 
mimicking the movements of the human wrist), (Fig. 
132.3) and a special robotic EndoWrist. 


Figs 132.1A and B: Before and after radical prostatectomy 
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Fig. 132.2: da Vinci surgical robot 


Fig. 132.3: Robotic wrist can move around 360 degrees offering 
excellent aids to the surgeons 


In 2001, Abbou et al. first reported the robot-assisted 
laparoscopic prostatectomy using the da Vinci system. 
Moni Menon et al. from the Vattikuti Urology Institute at 
Henry Ford Hospital in Detroit, Michigan popularize the 
robotic radical prostatectomy. 

Over the time, it has been proven that the robotic 
radical prostatectomy offers the advantages of the 
minimally invasive laparoscopic approach but shortens 
the learning curve, facilitating and hastening mastery of 
the procedure. It is true that basic laparoscopic skills are 


required for access and assistance, the console surgeon 
role requires less laparoscopic skill. Because of the above 
facts a surgeon with skill in open surgery and with minimal 
or no laparoscopic experience can adopt the procedure 
without extra effort.°° 


TECHNIQUES OF RADICAL PROSTATECTOMY 


The techniques for radical prostatectomy are the same 
regardless of the technology used may be open or 
laparoscopic or robotics. Objectives of minimally invasive 
radical prostatectomy are to laparoscopically resect the 
prostate and its capsule, along with the seminal vesicles. 
It can be performed either extraperitoneally or, more 
commonly, transperitoneally.'*”” 


Preparation of the Patient 


The standard preoperative regimen consists of an extended 
office visit with the patient to explain the risks, benefits, and 
potential alternatives of the procedure. The possibilities of 
conversion to an open procedure are explained thoroughly 
in the framework of this group of priorities. 

The preanesthesia screening to determine suitability 
for a complex surgery is identical to that performed 
prior to open surgery. Bowel preparation, including 
both antibiotic and mechanical bowel, cleansing in the 
preoperative period not only reduces bowel distention 
and adds visualization but also reduces the potential 
for infection due to the spillage of bowel contents in the 
uncommon event of a bowel perforation. Large-bore 
intravenous line is opened with preoperative antibiotics 
that cover both genitourinary and skin flora. 

The patient is placed in the supine position with his 
head down and this allows for gravity to facilitate the 
natural retraction of the pelvic tissues. For a transperitoneal 
approach, a periumbilical incision is made to provide 
access for the initial laparoscopic port. Veress needle 
can also be used to establish pneumoperitoneum. The 
patient who had previous abdominal surgery, particularly 
involving infraumbilical incisions, the Hassan trocar is 
ideal for direct visualization and confirmation of entrance 
into the peritoneal cavity. 

To achieve pneumoperitoneum carbon dioxide is 
insufflated into the abdomen. At this stage the 3D robotic 
laparoscope is then inserted through the infraumbilical 
trocar site, and a laparoscopic survey of the abdomen 
and pelvis is performed. In extraperitoneal approach, 
the first steps for access consist of a small incision and 
development of the extraperitoneal space.*" 
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ROBOTIC RADICAL PROSTATECTOMY 


da Vinci Surgical System 


Today, the only available integrated robotic surgical 
system is the da Vinci Surgical System (Intuitive Surgical 
Inc; Sunnyvale, California). The da Vinci surgical system is 
a computer-aided system has a basic master-slave design. 


Surgeon Console 


This contains a system of 3D stereoscopic display for the 
console surgeon. The system also consists of master arms 
and these are the controls the surgeon uses for making 
surgical movements. Any movements of the master arms 
translate to real-time movements of the instrument tips 
and may be scaled for fine movements (Fig. 132.4). 


Robotic Arms 


Robotic arms are provided for mounting surgical 
instruments and camera arm. Arms holding surgical 
instruments are then mounted to 8-mm trocars placed 
through the patient’s abdominal wall. Surgeon console is 
connected to the surgical cart via cables (Fig. 132.4). 


Robotic Telescope 


Robotic telescope (11 mm) used in the da Vinci system 
is a combination of two 5-mm optical channels, which 


have 2 separate 3-chip-charged coupling devices in the 
camera head. These two separate images are processed 
and displayed to provide 3D stereoscopic vision to the 
surgeon. This system provides depth perception to the 
surgeon which is lacking in laparoscopy. 


ROBOTIC TRANSPERITONEAL APPROACH 


Usually, the patientis placed in the supine position, secured 
to the table, and placed in steep Trendelenburg position 
(45°). Total number of ports and port configurations 
depends on several factors. Robots with three arms have 
a total of 6 ports in an inverted V-shaped configuration. 
Veress needle or open techniques may be used to establish 
the pneumoperitoneum, and a 12-mm port is placed just 
to the left of the umbilicus (camera port). Normally 30° 
lens is then used for stereo vision. In addition to camera 
port two 8-mm ports are placed 10-12 cm from the camera 
port and 2 fingerbreadths below it. Ideal port position is 
approximately 15 cm above the pubic symphysis to afford 
the instrument adequate length of excursion. 

The procedure called for two bedside assistants, but 
the evolution and application of the fourth robotic arm 
eliminated the need for one of the assistants, in turn 
obviating the need for the most lateral left 5 mm port. At 
this stage the robot is docked, and the robotic instrument 
ports and the camera port are fixed to the arms of the robot 
and may take about 15-30 minutes. 

The instruments used may include a bipolar diathermy 
on the left robotic arm (left hand) and a monopolar 


Fig. 132.4: Robotic arms and robotic console 
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diathermy scissors or hook/spatula on the right robotic 
arm (right hand). When a fourth robotic arm is used, large 
grasping forceps are also used. 

Many surgeons use a posterior approach for dissection 
of the seminal vesicles and identification of the plane 
between the prostate and rectum. 0° lens may be more 
helpful. Peritoneal reflection is incised in the midline, and 
blunt dissection is used to identify the ampulla of the vas 
and the seminal vesicles. Gradually the seminal vesicles 
are then freed inferiorly and laterally and the vessels at the 
tip are divided bilaterally. The plane between the posterior 
prostate and the rectum can be developed under direct 
visualization. The plane may be gradually extended to 
the prostatic apex. A special care is taken to avoid lateral 
dissection because of the proximity to the neurovascular 
bundles. Some surgeons dissect the seminal vesicles with 
anterior traction after separating the bladder neck from 
the prostate.*°” 


LYMPH NODE DISSECTION AND DEVELOPMENT 
OF THE EXTRAPERITONEAL SPACE 


Thirty degree upward-looking lens is ideal for this work. 
Transverse peritoneal incision is made extending from the 
left to the right medial umbilical ligament and extended 
in an inverted U-shaped manner to the level of the vasa 
on either side. At this stage the vasa can be divided at this 
point to aid in bladder mobility.**”’ 

Internal iliac and obturator lymphadenectomy is 
performed if the preoperative serum prostate-specific 
antigen (PSA) value exceeds 10 ng/mL, the biopsy Gleason 
score is greater than 6 or more than 50% of the biopsy 
cores are positive for cancer. Anatomic boundaries of the 
limited bilateral pelvic nodes dissection include the iliac 
artery superiorly, the obturator nerve inferiorly, the iliac 
bifurcation cranially, and the obturator fossa caudally. 
Lymph nodes are marked and sent for the histopathological 
examination. 

Dissection and exposure of prostatic apex and 
endopelvic fascia is best aided by 0° lens. The endopelvic 
fascia is incised after the prostate is retracted medially with 
the da Vinci cautery scissors or hook. A combination of 
sharp and blunt dissection allows sweeping of the levator 
muscle from the lateral surface of the prostate.” Figure-of- 
eight stitch is placed around the dorsal venous complex 
using a 6-inch, 1-0 polyglactin suture on a CT-1 36-mm 
taper needle. Additional sutures are placed midway 
between the apex and base of the prostate for traction and 
rotation of the prostate during posterior dissection. 

The plane behind the prostatourethral junction 
is developed using a combination of blunt and sharp 


dissection and this helps to identify the posterior apical 
margin of the prostate at the time of detachment of the 
specimen. 

At this stage, the anterior wall of the junction 
between the bladder and prostate is incised until the 
Foley’s catheter is seen and the posterior bladder wall is 
also divided. The sparing of the bladder neck is always 
desirable but may require experience. The bladder neck 
incision is elliptical so that the posterior lip is slightly 
longer than the anterior lip. The dissection is continued 
with the da Vinci bipolar forceps until the anterior layer 
of Denonvilliers fascia is then exposed and incised, 
exposing the vasa and seminal vesicles, and if the 
seminal vesicles were previously released, the plane is 
easily entered. At this stage, the vases are transected, and 
the seminal vesicles are skeletonized, avoiding damage 
to the neurovascular bundles.*°”” 

Prostatic pedicles at the prostate-vesical junction 
are controlled using Hem-o-lok clips and/or bipolar 
coagulation. Electrocautery is avoided at this stage and the 
anterior nerve-sparing dissection proceeds using sharp 
cutting with scissors and blunt dissection using the grasper 
and this dissection proceeds distally to the puboprostatic 
ligaments.’ Many authors have also advocatedacompletely 
athermal dissection of the lateral pedicles to avoid any 
inadvertent damage to the neurovascular bundle.” 
The dorsal venous complex is incised tangentially to the 
prostate to avoid capsular incision. The plane between the 
urethra and dorsal venous complex is gently developed to 
expose the anterior urethral wall. The urethra is transected 
with the scissors a few millimeters distal to the apex of the 
prostate. Now the specimen is examined for adequacy of 
resection margins and is placed in a specimen-retrieval 
bag and parked in iliac fossa. 

Urethrovesical anastomosis is performed 3-0 monocryl 
sutures on RB-1 needles, each 6 inches long and initial 
throw is placed outside in the bladder at the 5 o’clock 
position. About 5-6 throws are made posteriorly and 
anastomosis extending to the anterior surface. Both ends 
of the sutures are then tied to each other to complete the 
anastomosis. At this stage the bladder is irrigated with 200 
mL of saline to look for any leaks. A Foley catheter (20 Fr) is 
placed, and the balloon is filled with 30 mL. The specimen 
is retrieved and ports are closed.1°185 


Robotic Extraperitoneal Approach 
for Radical Prostatectomy 


Usually the patient is placed supine in a 15° Trendelenburg 
position. 3 cm transverse incision is made 1 fingerbreadth 
below the umbilicus, and the preperitoneal space is 
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entered. The space of Retzius is developed by balloon 
dissection. Robotic instrument ports are placed 4 cm 
below the camera port at the Para rectal line in the same 
way as is done in transperitoneal approach. The entire 
procedure is essentially follows the same steps of the 
robotic prostatectomy described above, but the dissection 
is entirely extraperitoneal. A 2/0 polyglactin on a 26 mm 
needle for the dorsal venous stitch and a 3/0 polyglactin on 
a five-eighths circle tapered cutting needle for the running 
vesicourethral anastomosis.***° 


ADVANTAGES AND DISADVANTAGES OF 
ROBOTICS VERSUS LAPAROSCOPY 


The robotic techniques have several advantages 
over laparoscopic techniques for performing radical 
prostatectomy. 


Advantages 


e High quality vision 

e Optically correct hand-eye coordination 
e 3D view ofthe operating field 

e Enhanced dexterity 

e Greater precision 

e Six-to-ten times magnification. 


Disadvantages 


e ‘The current-generation robot is still bulky and tends to 
limit the working space of the assistant(s). 

e The availability of instrumentation for the robotic 
systems is presently limited, although development of 
new instruments is ongoing. 

e Economically, the robotic system is viable only for 
centers with a high volume of cases or multidisciplinary 
robotic use. The system cost exceeds $1.2 million, 
and the annual maintenance costs range from 
$100,000-$150,000. 


CONCLUSION 


Reported oncologic outcomes for robotic prostatectomy 
are comparable with those of open series, although long- 
term oncologic data are currently limited. Currently as 
the robotic centers increases, urologists are challenged to 
adapt to the rapid changes in this technology. This raises 


challenges both for established urologists and for urology 
training programs.” 


REFERENCES 


1. Schuessler WW, Schulam PG, Clayman RV, et al. 
Laparoscopic radical prostatectomy: initial short-term 
experience. Urology. 1997;50(6):854-7. 

2. Guillonneau B, Vallancien G. Laparoscopic radical pro- 
statectomy: initial experience and preliminary assessment 
after 65 operations. Prostate. 1999;39(1):71-5. 

3. Abbou CC, Salomon L, Hoznek A, et al. Laparoscopic 
radical prostatectomy: preliminary results. Urology. 
2000;55(5):630-4. 

4. Abbou CC, Hoznek A, Salomon L, et al. Laparoscopic 
radical prostatectomy with a remote controlled robot. J Urol. 
2001;165(6 Pt 1):1964-6. 

5. Pasticier G, Rietbergen JB, Guillonneau B, et al. Robotically 
assisted laparoscopic radical prostatectomy: feasibility 
study in men. Eur Urol. 2001;40(1):70-4. 

6. Rassweiler J, Sentker L, Seemann O, et al. Laparoscopic 
radical prostatectomy with the Heilbronn technique: an 
analysis of the first 180 cases. J Urol. 2001;166(6):2101-8. 

7. Menon M, Shrivastava A, Tewari A, et al. Laparoscopic and 
robot assisted radical prostatectomy: establishment of a 
structured program and preliminary analysis of outcomes. 
J Urol. 2002;168(3):945-9. 

8. Menon M, Tewari A, Baize B, et al. Prospective comparison 
of radical retropubic prostatectomy and robot-assisted 
anatomic prostatectomy: the Vattikuti Urology Institute 
experience. Urology. 2002;60(5):864-8. 

9. Tewari A, Peabody J, Sarle R, et al. Technique of da Vinci 
robot-assisted anatomic radical prostatectomy. Urology. 
2002;60(4):569-72. 

10. Tewari A, Srivasatava A, Menon M, et al. A prospective 
comparison of radical retropubic and robot-assisted 
prostatectomy: experience in one institution. BJU Int. 
2003;92(3):205-10. 

11. Badani KK, Kaul S, Menon M. Evolution of robotic radical 
prostatectomy: assessment after 2766 procedures. Cancer. 
2007;110(9):1951-8. 

12. Van Velthoven RF, Ahlering TE, Peltier A, et al. Technique for 
laparoscopic running urethrovesical anastomosis:the single 
knot method. Urology. 2003;61(4):699-702. 

13. Guillonneau B, Vallancien G. Laparoscopic 
prostatectomy: the Montsouris technique. 
2000;163(6):1643-9. 


radical 
J Urol. 


14. 


15; 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


Chapter 132 Robotic Radical Prostatectomy 


Binder J, Kramer W. Robotically-assisted laparoscopic 
radical prostatectomy. BJU Int. 2001;87(4):408-10. 

Türk I, Deger S, Winkelmann B, et al. Laparoscopic radical 
prostatectomy. Technical aspects and experience with 125 
cases. Eur Urol. 2001;40(1):46-52. 

Bhayani SB, Pavlovich CP, Hsu TS, et al. Prospective 
comparison of short-term convalescence: laparoscopic 
radical prostatectomy versus open radical retropubic 
prostatectomy. Urology. 2003;61(3):612-6. 

Rassweiler J, Seemann O, Schulze M, et al. Laparoscopic 
versus open radical prostatectomy: a comparative study at a 
single institution. J Urol. 2003;169(5):1689-93. 

Hoznek A, Salomon L, Olsson LE, et al. Laparoscopic 
radical prostatectomy. The Créteil experience. Eur Urol. 
2001;40(1):38-45. 

Guillonneau B, Cathelineau X, Doublet JD, et 
Laparoscopic radical prostatectomy: assessment after 550 
procedures. Crit Rev Oncol Hematol. 2002;43(2):123-33. 
Rassweiler J, Stolzenburg J, Sulser T, et al. Laparoscopic 


al. 


radical prostatectomy--the experience of the German 
Laparoscopic Working Group. Eur Urol. 2006;49(1):113-9. 
Rozet F Galiano M, Cathelineau X, et al. Extraperitoneal 
laparoscopic radical prostatectomy: a prospective evaluation 
of 600 cases. J Urol. 2005;174(3):908-11. 

Walsh PC, Marschke P, Ricker D, et al. Patient-reported 
urinary continence and sexual function after anatomic 
radical prostatectomy. Urology. 2000;55(1):58-61. 

Bollens R, Vanden Bossche M, Roumeguere T, et al. 
Extraperitoneal laparoscopic radical prostatectomy. Results 
after 50 cases. Eur Urol. 2001;40(1):65-9. 

Katz R, Salomon L, Hoznek A, et al. Positive surgical 
margins in laparoscopic radical prostatectomy: the impact 
of apical dissection, bladder neck remodeling and nerve 
preservation. J Urol. 2003;169(6):2049-52. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


Tewari A, Srivasatava A, Menon M. A prospective comparison 
of radical retropubic and robot-assisted prostatectomy: 
experience in one institution. BJU Int. 2003;92(3): 
205-10. 

Patel VR, Tully AS, Holmes R, et al. Robotic radical 
prostatectomy in the community setting--the learning curve 
and beyond: initial 200 cases. J Urol. 2005;174(1):269-72. 
Guillonneau B, el-Fettouh H, Baumert H, et al. Laparoscopic 
radical prostatectomy: oncological evaluation after 1,000 
cases a Montsouris Institute. J Urol. 2003;169(4):1261-6. 
Smith JA Jr. Radical prostatectomy-which patients benefit 
most from surgery? J Urol. 2006;176(2):437. 

Ahlering TE, Eichel L, Skarecky D. Evaluation of long-term 
thermal injury using cautery during nerve sparing robotic 
prostatectomy. Urology. 2008;72:1371-4. 

Menon M, Tewari A, Shrivastava A, et al. Status at 500 
cases of laparoscopic radical prostatectomy. J Endourol. 
2003;17(1):42. 

Olsson LE, Salomon L, Nadu A, et al. Prospective 
patient-reported continence after laparoscopic radical 
prostatectomy. Urology. 2001;58(4):570-2. 

Raboy A, Albert P, Ferzli G. Early experience with extra- 
peritoneal endoscopic radical retropubic prostatectomy. 
Surg Endosc. 1998;12(10):1264-7. 

Su L, Smith JA. Laparoscopic and Robotic-Assisted 
Laparoscopic Radical Prostatectomy and Pelvic 
Lymphadenectomy. In: Wein A, Walsh P. Campbell’s 
Textbook of Urology. 9th edn. Saunders/Elsevier; 2007.p.99. 
Trabulsi EJ, Guillonneau B. Laparoscopic radical 
prostatectomy. J Urol. 2005;173(4):1072-9. 

Wieder JA, Soloway MS. Incidence, etiology, location, 
prevention and treatment of positive surgical margins 
after radical prostatectomy for prostate cancer. J Urol. 
1998;160(2):299-315. 


837 


Chapter 


133 


Cryptorchidism, or undescended testis, is diagnosed at 
birth or in the first pediatric visits and is the most frequent 
urogenital malformation in the male. Locating the testis 
during physical examination is not always simple and 
requires an experienced pediatrician. If it cannot be 
palpated the pediatric urologist should be consulted. This 
abnormality presents in 3-5% of newborns and in 0-8% of 
infants after 10 months of age. The majority of undescended 
testes descend within the first 3 months of age.' 

Fifty percent of undescended testis cases involve the 
right testis, 25% the left and in up to 25% of cases there is 
bilateral affectation.? When the abnormality is bilateral 
and associated with hypospadias, it should be considered 
an emergency and evaluated immediately due to its 
relation to intersexuality. 

The most frequent complications associated with 
undescended testis are atrophy and testicular torsion, 
symptomatic and asymptomatic inguinal hernia and the 
possibility of degeneration into testicular neoplasm.** 

Undescended testis is classified as palpable and 
nonpalpable. The palpable group includes testes that 
are ectopic, retractile, high scrotal, confined to the 
inguinal canal and located in the deep inguinal ring. The 
nonpalpable group includes intra-abdominal testis and the 
condition of anorchidism. Peeping testis can be palpable 
or nonpalpable and has the peculiarity of migrating back 
and forth at the internal inguinal ring (Fig. 133.1). 

Although controversial, in general terms the 
recommended age to initiate treatment is after 6 months 
of age and before 2 years. One year of age is the preferred 
indicated age. Open orchidopexy is the conventional 
surgical approach in treating palpable undescended 
testis but it is not exempt from complications.’ Among the 
most serious are testicular atrophy from vascular injury, 
ischemia from edema and recurrence that presents in 8% 
of cases.°%? 

Undescended testis may be managed basically by 
different surgical techniques. 


Laparoscopic Orchidopexy 


Jahangir Kabir, NI Bhuiyan 


e Open orchidopexy in stages. Fowler-Stephens 
orchidopexy in which spermatic vessels are sectioned 
and the deferential artery is preserved in one or two 
stages by open or laparoscopic approach. 

e Laparoscopic orchidopexy. 

e Testicular auto-transplant with spermatic vessel 
section and microsurgical anastomosis to the epigastric 
vessels. 

Of the above-said techniques, laparoscopic orchidopexy 
is gaining in popularity, and has an 88-100% cure rate. 
Laparoscopic orchidopexy advantages are greater 
dissection of spermatic vessels and vas deferens and the 
creation of a medial neo hiatus that consequently shortens 
the distance between the abdominal cavity and the scrotum 
during testicular. ^" 

Peeping testes were easily lowered through laparoscopy. 
Laparoscopy has been accepted by many pediatric urologists 
to be the gold-standard diagnostic tool for nonpalpable 
testes. Although somewhat controversial, laparoscopic 
orchidopexy has been shown to be comparable to if not 
better than open orchidopexy in a recent multi-institutional 


Fig. 133.1: Undescended testis is best visualized by laparoscopy 
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analysis. A laparoscopic approach may be used for intersex 
evaluations. There are no specific contraindications for 
laparoscopic orchidopexy other than those for general 
laparoscopic procedures. 


Techniques of Laparoscopic Orchidopexy 


The positioning is usually supine with the legs as frog- 
legged. A small laparoscope is inserted through a 
periumbilical site. The first step involves identifying the 
inguinal ring with the corresponding gonadal vessels 
and vas deferens. If the vas and vessels are seen entering 
the inguinal ring, the laparoscope is removed and an 
open inguinal exploration is performed as would be for a 
palpable cryptorchid testis. 

If the gonadal vessels are blind ending, the procedure 
is terminated. If an unsalvageable testis is identified, 
laparoscopic orchiectomy can be performed. 

If a salvageable testis is identified intra-abdominally, 
working ports are placed and the testis is freed from its 
nonvital attachments. If sufficient cord length can be 
gained, a scrotal incision is made and the testis is pexed. 
If there is insufficient cord length, a 1- or 2-stage Fowler- 
Stephens procedure may be performed. 

A multi-institutional review found decreased testicular 
atrophy and a higher rate of postoperative scrotal 
testicular positioning after the two-stage procedure. About 
15 complications were noted in 310 procedures, with an 
overall success rate of 93%.79111214 


Maneuvers to Increase Length of an 
Undescended Testis 


The Prentiss maneuver involves rerouting the cord under 
the epigastric vessels or the division of epigastric vessels. 
The internal inguinal ring can be opened to perform 
more complete retroperitoneal mobilization. The Fowler- 
Stephens principle involves dividing the testicular vessels 
to allow the blood supply to the vas deferens to keep 
the undescended testis viable. The testicular vessels 
should be divided away from the testis. Testicular auto 
transplantation can be performed by transecting the 
testicular vessels and by performing a micro-vascular 
anastomosis to the inferior epigastric vessels. 


CONCLUSION 


Laparoscopy is an excellent technique not only for 
diagnosis but also for treatment of high palpable and 
nonpalpable undescended testis. It is not limited to 


nonpalpable and intra-abdominal undescended testis. 
The technique is easily reproducible for the surgeon or 
pediatric urologist with experience in laparoscopy. No 
contraindications have been described and the technique 
can be used even in underweight patients. The technique 
does not require more equipment than that used in 
conventional minimally invasive surgery. 

Laparoscopy for the diagnosis and resolution of 
medical problems in children is also becoming more 
widely used with clear advantages over conventional 
surgery. Therefore, it is indispensible that all surgeons and 
pediatric urologists receive training in this field.!*™ 
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Urethral stricture is one of the most important causes 
of bladder outflow obstruction, which may be resulted 
from varieties of pathology, e.g. inflammatory disease, 
injuries of urethra, neoplasm of urethra, etc. In the old 
manuscripts, the urethral stricture is well-described. 
Urethral strictures arise from various causes and can 
result in a range of manifestations, from an asymptomatic 
presentation to severe discomfort secondary to urinary 
retention. Establishing effective drainage of the urinary 
bladder can be challenging, and a thorough understanding 
of urethral anatomy and urologic technology is essential. 
Consultation with urologist should be obtained for any 
patient presented to emergency department with urinary 
retention secondary to urethral stricture disease.' 


HISTORY 


Urethral stricture disease has been cited long ago as 
ancient Greek writings that reported establishing bladder 
drainage with the passage of various catheters. Historically, 
the treatment consisted of urethral dilation with sounds. 
Hamilton Russell described the first surgical procedure 
for repair of a urethral stricture in 1914. In contemporary, 


Fig. 134.1: Kollman-type urethral dilator, London (1901-1915) 


Urethral Strictures 
and Management 


Kollman’s urethral dilator is used (Fig. 134.1) to open up 
a urethra that may have become closed and blocked due 
to disease—a condition known medically as a stricture. 
Strictures are caused by diseases such as gonorrhea. The 
instrument is known as an “umbrella” due to its shape and 
the treatment would have been painful but was performed 
under local anesthetic. The instrument was invented 
in the 1800s by the German urologist Arthur Kollman. 
Jaron Chubb, Science Museum London times, several 
surgical options are available. Indian surgeon Sushruta 
described the use of green bamboo sticks for dilatation of 
urethra. Charles Bell in 1810 described the classification 
of stricture urethra as simple, dilatable, bridle, spasmodic 
and callus type. Remarkable contribution was made by 
Otis in 1872. He introduced his Otis urethrometer, and 
Otis urethrotome, the last equipment is still included in 
the modern urological armamentarium.'* 


DEFINITION 


Abnormal narrowing of a segment of urethra may be 
referred as stricture urethra (Fig. 134.2). 


APPLIED ANATOMY OF MALE URETHRA AND 
DISTAL SPHINCTER MECHANISM 


The urethra is divided into anterior and posterior segments. 
The anterior urethra (from distal to proximal) includes the 
meatus, fossa navicularis, penile or pendulous urethra, 
and bulbar urethra. The posterior urethra (from distal 
to proximal) includes the membranous urethra and the 
prostatic urethra. It is lined by transitional epithelium 
proximally and by squamous epithelium near the external 
meatus (navicular fossa). 

The urethra lies within the corpus spongiosum, 
beginning at the level of the bulbous urethra and extending 
distally through the length of the penile urethra. The 
bulbar urethra begins at the root of the penis and ends at 
the urogenital diaphragm. The penile urethra has a more 
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“ 


Fig. 134.2: Ascending or Retrograde urethrogram is showing 
the bulbar urethral stricture. The pen marking of the urethral 
outlining on the urethrogram indicating the possible extension 
of the spongio fibrosis in to apparently normal urethra. T 
prevent restricture formation, during urethroplasty the adjacent 
healthy urethra proximally and distally should be included in the 
urethroplasty procedure 


central position within the corpus spongiosum in contrast 
to the bulbous urethra, which is more dorsally positioned. 
The membranous urethra involves the segment extending 
from the urogenital diaphragm to the verumontanum. 


The Prostatic Urethra 


The prostatic urethra extends proximally from the 
verumontanum to the bladder neck. The soft-tissue layers 
of the penis, from external to internal, include the skin, 
superficial (dartos) fascia, deep (Buck) fascia, and the 
tunica albuginea surrounding the corpora cavernosa and 
corpus spongiosum. 

The prostatic urethra is 3-4 cm long and receives the 
prostatic ducts on its posterior surface. A prominence on 
its posterior wall (the verumontanum) near the apex of the 
prostate provides an important landmark in transurethral 
prostatic surgery. Prostatic resection kept proximal to the 
verumontanum avoids injury to the sphincter mechanism 
in the adjacent membranous urethra. The ejaculatory 
ducts open on either side of the verumontanum and the 
utriculus masculinus opens on its apex (Fig. 134.3). 


The Membranous Urethra 


The membranous urethra is the site of sphincteric activity 
in the male urethra. It is about 2 cm in length and extends 
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Fig. 134.3: Schematic diagram of a section through the male 
pelvis to show the urethra and its relations to various organs 


from the apex of the prostate through the levator ani 
muscle to the bulb of the penis. 


The Spongy Urethra 


The spongy urethra is surrounded by the corpus 
spongiosum, part of the erectile tissue of the penis, which 
expands distally to form the glans penis. The spongy 
urethra receives the ducts of numerous glands, including 
those of the paired Cowper’s glands. Its proximal part 
is surrounded by the balbospongiosus muscle and 
is commonly known as the bulb of the urethra. The 
contraction of the bulbospongiosus muscle assists in 
emptying of the urethra at the end of voiding and aids 
emission of semen during ejaculation. Dorsal to the 
spongy urethra lie the paired corpora cavernosa, the 
main erectile structures of the penis, which pass from 
the ischiopubic rami and converge to lie side by side 
extending just beyond the corona of the glans penis. 


Sphincteric Activity 


Sphincteric activity in the male urethra is traditionally 
attributed to a sphincter derived from fibers of the levator 
ani, which surrounds the membranous urethra as it 
penetrates the pelvic floor. Recent anatomical studies, 
however, have shown that although fibers from the levator 
ani form a periurethral sling, this does not constitute a 
complete muscle ring. 

The main contribution to the distal sphincter 
mechanism is from muscle within the urethral wall 
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itself. In addition to an inner layer of smooth muscle, the 
intrinsic urethral musculature has in outer circular layer of 
striated muscle fibers (the rhabdosphincter); these fibers 
are designed for prolonged tonic contraction (slow-twitch 
fibers). The rhabdosphincter is innervated by somatic 
nerves from S2 and S3. 


Mechanism of Continence 


Although the periurethral sling of pelvic floor muscle is not 
capable of sustained contraction, it can contract rapidly to 
constrict the urethra for short periods (fast-twitch fibers). 
This may contribute to continence during the sudden rise 
in intravesical pressure seen, for example, with coughing 
or straining. The distal sphincter mechanism exerts a 
higher closure pressure than the bladder neck and is a 
more potent sphincter in terms of maintaining continence. 


FEMALE URETHRA AND DISTAL SPHINCTER 
MECHANISM 


The female urethra is approximately 4 cm long. It passes 
through the levator ani anterior to the vagina and its 
external meatus opens 2.5 cm behind the clitoris. It is lined 
by transitional epithelium proximally and by squamous 
epithelium nearer the external meatus. In some women, 
squamous epithelium extends along the entire length of 
the urethra to the bladder neck and sometimes even onto 
the trigone. Numerous mucus-secreting glands drain into 
the urethral lumen. 

As in men, urethral closure in women is largely 
dependent on an intrinsic urethral sphincter. The urethral 
musculature consists of an inner longitudinal layer 
of smooth muscle and an outer, circular slow-twitch 
rhabdosphincter (Fig. 134.4). The rhabdosphincter 
extends from bladder neck to external meatus but is most 
pronounced in the middle third of the urethra. 

The muscle is thickest anteriorly and is thinner 
posteriorly where it is separated from the vagina by only 
a thin layer of fascia. The periurethral muscle sling (fast- 
twitch fibers) derived from the levator ani provides 
closure against sudden episodes of high bladder pressure, 
as it does in men, but the rhabdosphincter is the main 
protection against incontinence. 

The superficial vascular supply to the penis comes 
from the external pudendal vessels, which arise from the 
femoral vessels. The external pudendal vessels give rise to 
the superficial dorsal penile vessels that run dorsolaterally 
and ventrolaterally along the penile shaft, providing a 
rich vascular supply to the dartos fascia and skin. The 
deep penile structures receive their arterial supply from 
the common penile artery, which arises from the internal 


Fig. 134.4: Longitudinal section through the female pelvis 
showing urethra and its related organs like vagina, uterus, etc 


pudendal artery. The common penile artery gives off 
several branches, including the bulbourethral, cavernosal, 
and deep dorsal penile arteries. The corpus spongiosum 
receives a dual blood supply via anastomoses between 
dorsal and urethral artery branches in the glans. The 
scrotum receives its vascular supply via branches from 
both the external and internal pudendal arteries. 


Etiology of Urethral Stricture 


Currently, the traumatic strictures are more common and 
become the most important work load of the urological 
center in developing countries. Urethral injuries occurs 
as a results of road traffic accidents causing pelvic fracture 
distraction injuries of posterior urethra or it may result 
from fall on astride injury of bulbar urethra resulting a 
bulbar stricture. Nowaday’s more and more iatrogenic 
strictures are commonly found following prostatic and 
urethral surgery. Ischemic strictures are seen in meatus 
and in penoscrotal junction as a result of catheterization for 
longer time with an oversize catheter, particularly following 
along surgery, e.g. open heart surgery (Table 134.1). 


Table 134.1: Etiology of urethral stricture 


Strictures used Urethral areas 


Posterior urethra 

Commonly anterior urethra 
Meatus and penoscrotal junction 
Commonly posterior 


Traumatic strictures 


Inflammatory strictures 
Ischemic stricture 
Malignant stricture 


845 


846 


Section 17 Reconstructive Urology 


Inflammatory urethral strictures may commonly 
occur from gonococcal infection of the urethra. Malignant 
strictures are the most difficult strictures, which may 
require mutilating radical surgery. 


Pathogenesis of Strictures of the 
Bulbo-Penile Spongy Urethra 


The anterior urethra is surrounded by spongy tissue 
and natural healing by spongiofibrosis leads to stricture 
formation. The spongy urethra has a peculiar tendency 
to restenose unless appropriate techniques are followed 
to prevent this. The posterior urethra is surrounded by 
sphincter muscles and damage to the distal sphincter 
mechanism is generally irreparable. A basic understanding 
of the pathogenesis of strictures, their development and the 
significance of spongiofibrosis, is essential for successful 
urethral reconstruction. The partial loss of uroepithelial 
lining is the primary factor in the development of almost 
every spongy-urethral stricture, whether it is due to 
internal trauma, urethritis or external trauma (Box 134.1). 

Spongio-fibriosis lead to scar tissue formation; scar 
tissue contracts and reduces the caliber of the urethral 
lumen, causing resistance to the antegrade flow of urine. 
The term urethral stricture generally refers to the anterior 
urethra and is secondary to scarring in the spongy erectile 
tissue of the corpus spongiosum. A posterior urethral 
stricture is due to a fibrotic process that narrows the bladder 
neck and usually results from a distraction injury secondary 
to trauma or surgery, such as radical prostatectomy.”* 

The loss of any proportion of the circumference of 
the epithelial lining generally results in a commensurate 
narrowing of the lumen during healing. This is due to 
the fact that the margins of the residual epithelium are 
approximated by the natural urethral closing pressure 
so that the defect forms a cleft which tends to heal 
rapidly by cross-adhesion and epithelial over bridging. 
The intermittent passage of urine opens these clefts and 
this repeated separation and re-exposure of urine to the 
vascular spongy tissue spaces leads to a gradual increase 
in the underlying spongiofibrosis resulting stricture. 
Attempts to promote uroepithelialization of the denuded 
clefts by keeping them open for a prolonged period with 
an indwelling catheter are generally unsuccessful.’ 


Box 134.1: Pathogenesis of urethral stricture 


Box 134.2: Clinical assessment of urethral stricture 


Work-up of Urethral Stricture 


Urethral strictures are diagnosed and based on a 
suggestive history, findings on physical examination, 
and radiographic or endoscopic techniques. The entire 
urethra, both proximal and distal to the strictured area, 
must be evaluated endoscopically and/or radiographically 
prior to any surgical intervention. 

Theclinicalassessmentisimportantin the management 
of urethral stricture (Box 134.2). Most patient presents 
with symptoms of obstructed voiding but in neglected 
cases they may present with features of chronic retention 
and sometimes uremia. Clinical examination may be 
unrewarding but it may discover a meatal stricture or 
stricture may be palpable, if it is in anterior urethra. A full 
bladder may be palpable in neglected cases. 

Uroflowmetry may be the most important noninvasive 
investigations, which may show a low pick flow rate and 
obstructed voiding pattern. But it may result also from 
under activity of the bladder. The most definitive diagnosis 
of urethral strictures can be made by retrograde and 
antegrade urethrogram and endoscopic examination. 
Ascending and descending urethrogram may present the 
accurate assessment of length of the stricture segment, 
which is very important information for urethral 
reconstruction. Endoscopy provides little information 
about the segment of stricture. It is important to evaluate 
the status of potency before surgery and should be 
documented. 

Radiographic evaluation of the urethra with contrast 
studies is best achieved by retrograde urethrogram 
or antegrade cystourethrogram, if the patient has an 
existing suprapubic catheter. Retrograde urethrograms 
and antegrade cystourethrograms are usually obtained 
through the radiology department, although the urologist 
can perform them directly. These studies can be used to 
diagnose and define the extent of the urethral stricture. 
Accurately documenting the extent and location of the 
stricture is important so that the most effective treatment 
options can be offered to the patient. 
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The technical aspects of a retrograde urethrogram 
involve placing a nonlubricated 8F or 10F urethral catheter 
into the fossa navicularis and inflating the balloon with 
1-3 mL of sterile water until the balloon occludes the 
urethral lumen. A scout film is obtained. Approximately 10 
mL of iodinated contrast media is then injected into the 
catheter under fluoroscopy, and images of the anterior 
urethra are taken. Extreme pressure during the injection 
phase can lead to extravasation and should be avoided. 
Do not mistake the membranous urethra for a stricture. 
On a retrograde urethrogram, the membranous urethra 
lies between the distal end of the verumontanum and the 
conical tip of the bulbous urethra. 

An antegrade cystourethrogram involves distending 
the bladder with water-soluble contrast media via a 
suprapubic tube or urethral catheter. A scout film is 
taken before administration of contrast material. Once 
the bladder is fully distended with contrast media, the 
suprapubic tube is clamped or the urethral catheter is 
removed and the patient is asked to void. Spot films are 
taken before, during, and after the voiding phase. This 
study can help delineate the posterior urethral anatomy. 

Ultrasonography of the male urethra can be useful in 
evaluating urethral strictures. A transducer can be placed 
longitudinally along the phallus, within the lumen of the 
urethra oralong the perineum. Ultrasonography canbe used 
to evaluate the stricture length and the degree and depth of 
spongiofibrosis. Several authors have described techniques 
that involve distension of the urethra with normal saline 
instilled in a retrograde fashion prior to ultrasonography. 
Ultrasonography demonstrates thicker periurethral 
tissues at the level of the stenosis compared to unaffected 
areas of the urethra. Ouattara, et al. (2004) showed that 
urethral strictures identified on perineal sonograms were 
significantly longer than those identified on retrograde 
urethrography and voiding cystourethrography.** 


Principles of Management of Urethral Stricture 
Regeneration Procedures 


The regeneration procedures depend upon the completion 
of part of the circumference of the urethral lining by the 
regenerative proliferation of the uroepithelium. The 
long-term success of urethral dilatation and of internal 
urethrotomy is entirely dependent upon this and the 
result depends upon whether epithelialization can occur 
before restenosis develops. The principle of the Dennis 
Brown buried-strip procedure is to induce apposition- 
regeneration and thus completion of the epithelial lining 
of the neourethra, however, although this is a fundamental 


principle as a backup procedure in reconstructive surgery 
it is no longer advocated as a primary procedure for 
urethral reconstruction.'* 


Excision and Reanastomosis of Urethra 


The only stricture-resolving procedure with an expected 
long-term success rate approaching 100% is excision and 
spatulated, tension free, circumferential anastomosis, 
unfortunately, owing to the extent of the spongiofibrosis 
that is commonly associated with stricture of the bulbar 
urethra, other than those resulting from simple external 
trauma, few are appropriate for resolution in this way. 
However, combination procedures have been developed 
to incorporate the advantages of partial circumferential 
restoration of urethral continuity by the formation of a 
redeployment fixed-flat roof-strip whenever possible. 


Substitution of Urethra 


All epithelial substitutes and all individual techniques for 
their use have inherent shortcomings with an inevitable 
incidence of failure. No substitute for the urethra is as good 
as the urethra itself; some are much better than others are, 
but all have inherent shortcomings and consequently a 
commensurate incidence of restenosis. 


Self-Calibration of Urethra 


The aim of treatment is to keep the urethral caliber 
patent. This procedure can usually be done by the 
patient himself or assisted by an assistant (Box 134.3). 
This technique is an inexpensive procedure. Usually for 
the adults the 18/16 Fr. Nelaton catheter is used for this 
purpose. Absolute sterility is not necessary. Safety of 
simple soap and water to clean the catheter is accepted. 
The procedure is entirely safe and keeps the patient 
stricture free as long as he continues the procedure and 
discontinuation may result the return of stricture. 


Box 134.3: Surgical options for urethral strictures 
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Box 134.4: Urethral dilatation 


Box 134.5: Optical internal urethrotomy 


Urethral Dilatation 


Urethral dilatation is the oldest and simplest form of 
treatment by which the vast majority of urethral strictures 
can be managed. The general principle of urethral dilatation 
is soft and gentle stretching of the scar without producing 
more scaring. It is better to dilate the stricture under surface 
anesthesia instilled into the urethra and retained by a penile 
clamp. The stricture is then dilated until resistance is felt 
and this procedure is then repeated over multiple sessions. 
This treatment is very much cost effective but associated 
with dangers like creation of false passage (Box 134.4).*” 

Despite the antibiotic prophylaxis fever, rigor and 
septicemia may occur in 15-30%. Bleeding, false passage, 
urinary retention, epididymitis, periurethral abscess and 
fistula formation occurs in 10-15% depending on the 
number of times that dilatation is repeated. 


Optical Internal Urethrotomy 


Optical internal urethrotomy (OIU) is the procedure, 
which opens the stricture by incising it transurethrally. In 
urethrotomy incision over healthy tissue allows the scar to 
expand, where healing occurs by secondary intention. An 
obvious prerequisite is that having incised the stricture the 
underlying corpus spongiosum is normal (Box 134.5). 
The length of stricture incision with each procedure 
converts a short stricture into a long segment stricture. 
Internal urethrotomy is most safely performed using a 
visual urethrotome so that the procedure can be conducted 
with a direct view (Fig. 134.5). In many instances a general 
or regional anesthetic is used but local anesthetic is quite 
sufficient for most circumstances, as for dilatation. 


Fig. 134.5: An optical urethrotome 


When the stricture is clearly in view, particularly if it is 
not possible to see through to normal urethra on the other 
side, a guide wire should be passed through, to be sure of 
staying within the urethral lumen. It is all too easy to lose 
the urethral lumen by incising into a tight stricture without 
a clear view of the other side. 

Most urologists make the urethrotomy in the 12 
o'clock position because this is easiest place to cut using 
a standard visual internal urethrotome in the normal 
working position but some people have advocated cutting 
at 3 o'clock, 6 o'clock or 9 o'clock to avoid cutting deeply 
into the corpus cavernosum in the 12 o’clock position. 

With repeated OIU the segment of stricture enlarges 
because with each OIU few millimeter healthy urethra is 
divided proximally and distally resulting a longer incision 
then stricture segment which again heals by fibrosis. 

After urethrotomy, an indwelling catheter is left for afew 
days and although there is no consensus as to the duration 
of catheterization. Two to three days catheterization period 
is preferred by most urologists. Antibiotic prophylaxis is 
commonly used. The complications of urethrotomy are 
much the same as the complications of dilatation except 
that after urethrotomy impotence can arise as a result of a 
corpus cavernosum spongiosum fistula as a consequence 
of a 12 o’clock incision - a complication that does not arise 
after dilatation (Box 134.6). 


Box 134.6: Complications of optical internal urethrotomy 
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Fig. 134.6: A resectosope with green laser 


The real problem of both urethrotomy and dilatation 
is that they are not curative in the majority of patients. 
The results can be approved by avoiding infection at the 
time of instrumentation. Even then the most enthusiastic 
endoscopist recognizes a recurrence rate of at least 
50%. The most detailed recent study has reported a 68% 
recurrence rate after a single urethrotomy, although 
with a 58% recurrence rate in the bulbar urethra but 
84% recurrence rate in the penile urethra. Furthermore, 
repeated urethrotomies did not improve the success rate.”* 


Use of Laser in Urethral Stricture Management 


For the treatment of urethral strictures the types of lasers 
are carbon dioxide, potassium titanyl phosphate (KTP), 
neodymium-doped yttrium aluminum garnett (Nd:YAG) 
and holmium yttrium aluminum garnett (Ho:YAG) and 
also green laser (Fig. 134.6). 

The ideal laser for the treatment of urethral strictures 
is one that totally vaporizes the tissue, negligible tissue 
destruction, not absorbed by water and is clearly 
propagated along a fiber (Box 134.7). Recurrence rate of 
stricture urethra is almost same as internal urethrotomy 
and as such no extra benefit is obtained with application 
of laser in treating urethral stricture disease. 


Box 134.7: Use of lasers in urethral stricture management 


Options of Treatment of Stricture of 
Different Parts of Urethra 


Options for Treatment of Meatal Strictures 


The meatal segment of urethra is the narrowest part. As 
such it may suffer from stricture commonly due to use 
of oversize catheter resulting ischemia and as a result of 
abrasion and denudation of uroepithelial layer which 
ultimately heals by fibrosis resulting a meatal stricture. 
It may also follow urethral instrumentation or urethral 
surgery for example removal of stone impacted in the 
urethra. Balanitis xerotica obliterence (BXO) is another 
important cause for meatal strictures. Using an Otis 
urethrotome may result an immediate relief but the 
stricture reappear soon. Intermittent self-calibration of 
the meatus may be helpful to maintain the urethral lumen. 


Meatoplasty 


The most impressive long-term results can only be 
achieved by doing a reconstructive procedure, meatoplasty 
were the stricture is divided after a flap of skin has been 
raised from the under surface of urethra over the stricture 
segment. The flap of skin is invaginated and suture with 
the free margins of the split urethra. The ultimate result of 
the procedure is excellent with a slight disadvantage that 
the meatus is migrated little downward (Box 134.8). 


PATCH URETHROPLASTY OF THE FOSSA 
NAVICULARIS 


A local skin flap is rotated to augment the urethral caliber 
but in this case the flap is rotated upwards from below. 
The patient can be placed in the supine position with just 
the penis itself exposed. One blade of a pair of scissors is 
then passed down the inside of the urethral lumen and 
a full thickness meatotomy is performed, strictly in the 
midline, down into healthy urethra on the inside and to 
the penile shaft just proximal to the corona at skin level. 
A horizontal rectangle of penile shaft skin is then raised 
on a dartos pedicle just proximal to the corona with a 
horizontal length equal to the length of the stricturotomy. 


Box 134.8: Meatal stricture 
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Box 134.9: Orandi procedure 


This is raised on a dartos pedicle and rotated through 900 
to allow the flap to lie comfortably in the defect created by 
the urethrotomy and to be sutured in the place with the 
traditional 4/0 or 5/0 vicryl sutures. The overlying dartos 
fascia is tacked over the suture line to provide a watertight 
seal and the skin is then closed over the dartos layer in 
the form of an inverted Y or lambda. It is important to 
close the dartos layer not just to make it watertight but to 
reduce the risk of fistula formation. 


Treatment Options of Penile Urethral Stricture 


Penile urethral stricture is commonly met in the 
reconstructive practice. They are frequently due to infection, 
ischemia and BXO. The diagnosis is made confidently by 
urethrogram. On principle the penile stricture may be 
treated by urethrotomy and intermittent self-calibration 
or by urethroplasty - the Blandi procedure. Excision of 
stricture segment and anastomotic urethroplasty are 
generally contraindicated for the risk of cordee on erection. 


Single Staged Procedure 
Orandi Procedure 


In orandi procedure, a longitudinal incision is made along 
the lateral border of the urethra and then the urethra 
is opened up through the stricture with at least one cm 
clear from the stricture at both ends (Box 134.9). It is very 
helpful to have a guide wire within the urethral lumen to 
make it easy to find the urethral lumen. 

A bougie is passed down through the meatus as far 
as the distal limit of the stricture and the urethra is then 
opened from the tip of the bougie down along the length of 
the guide wire and 1 cm into normal healthy urethra at the 
proximal end. This incision should be ventro-lateral rather 
than strictly in the ventral midline to facilitate offsetting 
of the subsequent suture lines between the urethroplasty 
and the skin closure. 

Occasionally, there is considerable bleeding from the 
urethral cut margins and these will need to be oversewn 
with a running 4/0 vicryl stitch. The important point is to 
open at least 1 cm into healthy urethra at either end as 


Fig. 134.7: Urethral strictures. Photograph depicting pedicled flap 
anastomosed to the left side of the urethra. Suturing of the right 
side of the pedicled flap to the urethra completes the anastomosis 


judged by the caliber of the urethra, the appearance of the 
urothelium and the appearance of the spongiosum. 

The next step is to incise through the penile skin and 
subcutaneous tissue alone 2 cm from the margin of the 
skin incision thereby outlining a 2 cm skin paddle with the 
dartos layer as its pedicle. The skin and subcutaneous layer 
should then be undermined, separating it from the dartos 
pedicle for about 1 cm from one end of the incision to the 
other (Fig. 134.7). 

The free cut edge that was the initial incision can then 
be sewn to the anterior cut margin of the urethra using 
either interrupted or continuous 4/0 or 5/0 vicryl sutures 
(or similar). The trailing edge of the flap is then sewn to the 
dorsal margin of the urethrotomy to close the urethra. These 
stitches should pick up the penile skin at the margin of the 
flap, the underlying dartos layer and the full thickness of 
the urethral wall. Having closed the urethra a 16 F silicone 
Foley catheter is passed. The skin is then closed. 


Two-Staged Reconstruction of the Penile Urethra 


Alternatively a two-staged procedure may be performed for 
penile urethral strictures. It bears simplicity in technique 
and good long-term results can be obtained with relatively 
less experienced urologist (Box 134.10). 

There are particular advantages in a two-stage 
procedure for penile urethral strictures. The preoperative 
preparations are the same as for any urethroplasty. The 
patient should have been warned that grafts might need 
to be taken from penile shaft skin, buccal mucosa or 
post-auricular skin, assuming that there hasn’t been 
previous surgery at any of these sites that makes it 
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Box 134.10: Staged reconstruction of penile urethra 


Box 134.11: Treatment option for bulbar urethral strictures 


Box 134.12: The options for the definitive 
repair of a bulbar stricture are 


impossible. Any of these tissues can be used for lining 
the neo-urethra on the penile shaft but penile skin, being 
much thinner, gives the best lining for the glans to form 
a glanular urethra. When this is not available the buccal 
mucosa from the inner aspect of the lip is the second best 
choice. The disadvantage of buccal mucosa for two-stage 
reconstructions is that it does have a tendency to contract 
on exposure to air whereas free grafts of penile skin and 
post-auricular Wolfe grafts do not. 

The first step of the procedure is to excise the urethra 
backinto healthy urethra and the best way of doing this is to 
put one blade ofa pair of scissors down the external meatus 
and then cut backwards through skin subcutaneous tissue, 
dartos fascia and urethra proximally into healthy urethra. 
The usual criteria are used- normal caliber, a healthy 
looking urothelium and healthy looking spongiosum. 
Having opened this up the urethra can be transected at the 
proximal limit and the proximal cut surface of the urethra 
is oversewn dorsally where it lies on the corpora cavernosa 
and sewn to skin over its ventral circumference. This will 
control the bleeding. The urethra is then mobilized off the 
corpora cavernosa all the way back to the glans. 

In the patient with chordee the artificial erection should 
be done at this stage to exclude chordee. The presence of 
chordee will require corporal plication on the dorsum in 
order to correct chordee. The second stage operation is 
performed after 3-4 months. Urethral tube can now be 
reconstructed by deploying the penile skin over a 16 Fr 
Foley’s catheter using a 5/0 vicryl suture. The procedure 
is easy and can be undertaken in any developing urology 
center. 


Anadequate glans cleftis created by cutting back, strictly 
in the midline until the glans can comfortably be wrapped 
around a urethral bougie or sound of an appropriate 
caliber 22 F or 24 F for an adult, correspondingly smaller 
in a child. This incision will expose the tips of the corpora 
on either side of the midline. There may be scarring from 
previous surgery in the midline and over to the lateral 
aspects of the tips of the corpora that needs to be excised 
to allow the creation of adequate glans wings. 


Options for the Treatment of 
Bulbar Urethral Strictures 


The fundamental decision relating to the management of 
a bulbar stricture lies between internal urethrotomy and a 
definitive repair/reconstruction (Boxes 134.11 and 134.12). 
Although the healing of an urethrotomy is likely to be 
associated with further extension of the spongiofibrosis 
associated with a stricture, this rarely compromises a 
subsequent definitive repair of the bulbo-penile spongy 
urethra except in the case of a short stricture in which the 
additional length of the urethral abnormality may render it 
unsuitable for a subsequent one-stage anastomotic repair. 
The major disaster of the treatment of a bulbo- 
membranous stricture by urethrotomy is an extension of 
the incision posteriorly into the membranous urethra, thus 
damaging the intramural distal sphincter mechanism. 


URETHROPLASTY 


The general principles of urethroplasty are based on 
anatomical principles and the principles of plastic surgery. 
The anatomical principles relate primarily to the elasticity 
of the urethra. Because it is able to stretch during erection 
there is a considerable degree of elasticity which can be 
used to advantage in urethroplasty (Box 134.13). 

The first principle of urethroplasty then is that excision 
and end-to-end anastomosis is possible proximal to the 
suspensory ligament of the penis or the distal margin of 
the bulbo-spongiosus muscle, which is almost the same 
point on the urethra, but is contraindicated distal to that 
point for fear of interfering with erection (Box 134.14). 

The second important anatomical point in anastomotic 
urethroplasty particularly in the membranous part, to a 
lesser extent in the bulbar part of the urethra, is that the 
normal bulbar urethra is an almost semi-circular curve and 
sometimes more (Box 134.15). Because, geometrically a 
semi-circular curve is 1.5 times the length of the straight 
line that would be its diameter, the surgical process of 
straightening out the normal anatomical pathway of the 
bulbar urethra would allow the surgeon to make up a 
defect at least as long as half the length of the normal 
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Box 134.13: Techniques of bulbar urethral reconstruction 


Box 134.14: Urethral length can be achieved by 


Box 134.15: Prevention of chordee during urethroplasty 


Box 134.16: Principles of bulbo-bulbar anastomosis 


bulbar urethra. There are a variety of surgical steps that 
allow the surgeon to achieve this length. 


The Principles and Technique of 
Bulbo-Bulbar Anastomosis 


The feasibility of a circumferential anastomotic repair 
of a radiographically short bulbar urethral stricture is 
dependent upon a critical assessment of the extent of the 
associated spongiofibrosis at the time of operation. 

The factor limiting the length of a bulbar urethral 
abnormality that can be resolved by anastomosis is the 
extent of the elastic lengthening that can be obtained by 
mobilizing the residual bulbar urethra proximal and distal 
to the stricture; this tends to be somewhat compromised 
by scarring resulting from the stricture injury, so that in 
practice it is rarely possible to excise a bulbar stricture 
longer than about 1.5 cm and still obtain a 2 cm overlap 
anastomosis without risking chordee. 

The bulbar urethra is exposed through a midline 
incision. A sound in the urethra identifies the distal limit 
of the stricture and provides internal retraction to facilitate 
the mobilization of the bulbar urethra from the base of 
the penis back to the subpubourethral space. The urethra 
is opened inferiorly (6 o'clock) over a distance of 2-3 cm 


immediately distal to the stricture, and retracted by stay- 
sutures and its lining and the cut edge of the spongy tissue 
inspected critically to determine the anterior extent of the 
associated spongiofibrosis. The appropriate sitting of the 
incision into the bulbar urethra proximal to the stricture is 
dependent upon this finding. 

If the anterior extent of the spongiofibrosis is minimal 
the spatulating incision into the proximal bulbar urethra 
should be superior (12 o'clock) so that a spatulated posterior- 
over-anterior overlap anastomosis can be achieved if the 
proximal extent of the urethral abnormality is minimal. 

To avoid cross-adhesion and restenosis, the lateral 
margins of a spatulated anteroposterior anastomosis are 
spread-fixed laterally to the undersurface of the penile 
crura after exposing them by detaching the dorsal midline 
origin of the circumferential bulbo-spongiosus muscle 
which otherwise impairs a firm anchorage (Fig. 134.8). 
Penile curvature or chordee is prevented by avoiding 
mobilization of the penile urethra. Angulation-chordee is 
reduced by relaxing the suspensory ligament exposed by a 
minimal extension of the dissection around the base of the 
penis. Tension-relieving sutures along the superolateral 
margins of the mobilized bulbar urethra avoid disruptive 
traction on the anastomosis by erections in the early 
postoperative period (Box 134.16). 

An over-closure posterior-redeployment spongioplasty 
supports the anastomosis. The bulbospongiosus muscle is 
over closed in an endeavor to preserve the normal urethral- 
emptying mechanism. The wound is closed without any 
dead space. 

Postoperatively a combination of suprapubic catheter 
urine drainage and a small silicon catheter with 14 Fr 
may be suitable to drain urethral exudates by its side. 
The urethral catheter is removed at about the 8th to 


Fig. 134.8: Microscopic picture of oral mucous membrane 
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Box 134.17: Basic principles of urethral reconstruction 


10th postoperative day after a contrast peri-catheter 
urethrogram has shown satisfactory urethral healing 
without suture-line extravasations; the suprapubic 
catheter is clamped and removed a day or two later, after 
voiding has proved satisfactory. 

The primary repair involves complete excision of the 
fibrotic urethral segment with reanastomosis. The key 
technical points that must be followed include complete 
excision of the area of fibrosis, tension-free anastomosis, 
and widely patent anastomosis. Primary repair is typically 
used for stricture lengths of 1-2 cm. With extensive 
mobilization of the corpus spongiosum, strictures 3-4 
cm in length can be repaired using this technique. 
Morey et al. (2004) reported on a series of patients who 
underwent excision with anastomosis for strictures up to 
5 cm." Younger patients have more compliant tissue, thus 
allowing for greater stretch and more ambitious attempts 
at primary repair. The repair is left stented with a small 
silicone catheter in the urethra. The bladder is drained 
with a suprapubic catheter (Box 134.17). 


Reconstruction of Bulbar Urethra by 
Tissue-Transfer Techniques 


Technical Points for Free Graft Repair 


The pendulous urethral strictures may be repaired with 
the patient in the supine or split-legged position. Bulbar 
or membranous urethral strictures are repaired with the 
patient in the exaggerated lithotomy position. The urethra 
is exposed through a penile or perineal incision. The 
urethrotomy is made to open the area of the stricture. The 
tissue graft is harvested from the desired nonhair bearing 
location. For example, bladder, buccal or rectal mucosa are 
potential options. The graft is sutured to the edges of the 
urethrotomy. The graft is covered by the dartos fascia of the 
pendulous or bulbous urethra. The incisions are closed in 
two layers with an absorbable suture, and a Penrose drain 
is placed through a separate incision in the suprapubic or 
perineal areas. Success depends on the blood supply of 
local tissues at the site of placement. 


Full-thickness skin graft: Nonhair bearing skin should 
be used. It is most successful in the area of the bulbar 
urethra. 


Split-thickness skin graft: The split-thickness skin graft 
is not preferred with a single-stage repair because of 
the contraction characteristics of the graft. It is typically 
reserved for use in patients for whom multiple procedures 
have failed and in whom local skin is insufficient for further 
reconstruction. It is conducted as a two-stage procedure. 


Buccal mucosal graft: This tissue is resistant to infection 
and trauma. The epithelium is thick, making it easy to 
handle. The lamina propria is thin and highly vascular, 
thus allowing for efficient imbibition and inosculation. 
Harvesting is easier than with other free grafts or pedicled 
flaps. A 15- to 20-mm graft is harvested from the oral 
mucosa. Larger grafts can be harvested depending on the 
length of the stricture. Most surgeons prefer to close the 
buccal harvest site primarily. Care is taken to avoid the 
opening of the duct originating from the parotid gland. 
The duct for this salivary gland is also known as Stensen 
duct (Figs 134.9 to 134.12). 

The graft is sutured to the edge of the urethra. A 
Penrose drain is left in the incision bed for 24 hours to 
allow drainage. A 16F urethral catheter is left for 7 days. 
The suprapubic urinary drainage is continued for 2 weeks. 
The suprapubic tube is removed in 2 weeks, after voiding 
cystourethrogram demonstrates no extravasation of urine. 
The graft may be placed as a ventral, dorsal, or lateral 
onlay. Dorsal and lateral onlay procedures allow for the 
advantage of securing the graft to the corpora cavernosa 
(dorsal) or the ischiocavernosus muscle (lateral). This 
technique is performed with the hope of improving 
graft host bed immobilization and approximation. If 
a ventral urethrotomy and onlay are to be used, then 
a spongioplasty maneuver should be used to facilitate 


Fig. 134.9: Urethra is laid open through a vertical incision through 
the perineum over the stricture as a procedure for the ventral 
application of oral mucosa graft (OMG) 
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Fig. 134.10: Defatting of harvested buccal mucous membrane 
before the urethroplasty 


Fig. 134.12: The harvested graft is made into mesh with a scalpel 
fitted with no 15 Bard-Parker blade 


graft immobilization. This requires a relatively normal 
corpus spongiosum without fibrosis. Some reports have 
demonstrated superiority of the dorsal onlay technique, 
whereas some data do not demonstrate a difference.” 

Urethral strictures: The buccal mucosal grafts have 
been secured to the corpora cavernosa. The anastomosis 
will run along either side of the dorsum of the urethral 
edges to complete the dorsal onlay. The glans penis (distal) 
is at the top of the picture (Fig. 134.13). The catheterized 
urethra with a dorsal urethrotomy is on the left. 


Fig. 134.11: Urethral strictures. A buccal mouth graft has been 
harvested from the inner aspect of the cheek. The graft size is 
measured to accommodate the length of urethra involved in 
the onlay 


Fig. 134.13: Ventral application of meshed graft for a long 


segment urethral stricture. After placement of the graft 
spongioplasty is performed to ensure the safety of the graft. The 
fenestrations help in maintaining the integrity of the graft. Primary 
healing always takes place 


Multistage oral mucosal urethroplasty has been suggested 
for more complex strictures requiring extensive tissue 
replacement or in cases with adverse local conditions 
including extensive scarring, fistulization or infection. Early 
reports of multistage oral mucosal repair exhibited a 93% 
success rate, and long-term data showed virtually the same 
rate.” Dubey et al. reported favorable results in a procedure 
in which the first stage included complete excision of 
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stricture without the use of penile flaps and the placement 
of an oral mucosa graft (OMG) to form the urethral plate, 
and the second stage used a penile skin flap to form the 
urethra. Interestingly these authors assert that their recent 
use of penile flaps has decreased and they have used them 
only when the vascularity of the graft bed is in jeopardy. 


ONLAY GRAFT ORIENTATION 


Early success rates of dorsal and ventral placement of OMG 
onlay grafts were 96% and 85%, respectively. However, 
long-term follow-up revealed essentially no difference in 
success. Barbagli et al. described three variations for OMG 
placement that is ventral, dorsal and lateral. 


Dorsal Onlay 


Barbagli et al. pioneered the use of the dorsal placement 
onlay OMG, and initially reported a success rate of 100% 
compared to a 90% success rate for dorsal onlay preputial 
skin grafting. However, subsequent reports revealed a 
success rate of 84% using the dorsal onlay OMG vs 73% 
when using penile skin. 


Ventral Onlay 


The advantages of ventral onlay graft placement are ease of 
stricture exposure, less dissection and mobilization time, 
and easier graft placement resulting in a shorter operative 
time than the dorsal placement technique. Heinke et al. 
reported an 80% success rate using a ventral onlay OMG 
technique in 38 patients with anterior urethral strictures. 

In all of these patients primary reconstruction was 
attempted. Elliott et al. performed the same technique on 
a larger cohort of patients with anterior urethral strictures 
resulting in a 90% success rate. Unlike in the study by 
Heinke et al. not all of these patients underwent primary 
reconstruction. 


Ventral vs Dorsal Onlay of Oral Mucosa Graft 


Review found that of the studies explicitly using onlay 
OMG urethroplasty for stricture repair 14 used ventral 
placement (377 cases) with an aggregate success rate of 
87.5%. There were seven studies of dorsal placement (267 
cases) for stricture repair with a success rate of 68.2%. 

Of the studies using onlay OMG for hypospadias/ 
epispadias repair 14 used ventral placement (482 cases) 
and had a success rate of 78.4%. Three reports used 
dorsal placement (50 cases) for stricture repair and had a 
success rate of 80%. Ventral onlay was associated with a 


Fig. 134.14: Dorsal placement of the buccal 
mucous membrane is in place 


significantly higher success rate than dorsal onlay for the 
repair of urethral defects associated with stricture. 


Bladder mucosal graft: This is not as popular as other 
free tissue grafts because of difficulty in harvesting and 
handling the tissue. 


Pedicled Skin Flaps 


These procedures are based on the principal of mobilizing 
an island of epithelium-bearing tissue with a pedicle 
of fascia to provide its own blood supply. Penile skin 
represents an ideal tissue substitute because it is thin and 
mobile and has an excellent blood supply. Moreover, the 
distal penile skin is typically nonhair bearing. 


Skin Island Onlay Flaps 


Transverse, longitudinal and circumferential island flaps 
refer to the type of skin incision made to fashion the tissue 
flap. The dorsal and ventral onlay refers to the position 
in which the flap is sutured to the edge of the incised 
urethra, as in the dorsal or ventral position with respect to 
the urethra and corpora cavernosa (Fig. 134.14). Penile 
incision is carried out through the skin, dartos fascia, 
and down to buck fascia. A skin island flap is elevated 
on the penile dartos fascia, which serves as the vascular 
supply. A lateral urethrotomy is made along the course 
of the strictured area (Fig. 134.15). The skin island flap 
is then transposed to the incised strictured area, oriented 
into proper position, and sutured to the edges of the 
urethrotomy incision with an absorbable monofilament 


855 


856 


Section 17 Reconstructive Urology 


a ont 


Fig. 134.15: Urethral strictures. Photograph of open 
urethroplasty depicting the pedicled flap 


suture. A watertight subepithelial suture line should 
complete the flap placement. The skin is closed with 
interrupted sutures (Fig. 134.9). 


Hairless Scrotal Island Flap 


A nonhair bearing area of skin in the midline of the 
scrotum is used. The tunica dartos of the scrotum is used 
as the vascular pedicle. This procedure typically is used in 
complex urethroplasty procedures and is combined with 
penile skin island flaps to provide additional vascularized 
tissue for reconstruction. 


Skin Island Tubularized Flap 


It can be used in combination with onlay flap when a 
large obliterated segment of urethra is present. It involves 
tubularizing the pedicled skin flap over a sound and 
anastomosing the tubularized edge to the native urethral 
stump. 

The patient should be evaluated and deemed medically 
stable for the selected procedure. Urine culture should be 
sterile. Urethral stricture disease should be thoroughly 
evaluated with radiographic and/or endoscopic 
techniques. The procedure selection should be discussed 
thoroughly with the patient in advance, and the discussion 
should include information on the risks and benefits of 
the procedure and postoperative care. The risks include, 
but are not limited to, bleeding, infection, recurrence of 
stricture, and urethrocutaneous fistula formation. 

Position the patient in the supine, split-legged, or 
exaggerated lithotomy position. Take great care to pad 


pressure points and position joints to avoid inappropriate 
strain or torque. For open repair procedures, shave and 
prepare the perineum, penis, and scrotum. Administer 
intravenous antibiotics prior to making the incision. 
Patients are placed on bed rest for 24-48 hours, depending 
on the extent of the procedure. Intravenous antibiotics are 
continued for 24 hours and then followed with oral culture- 
specific antibiotics or antibiotics with good gram-negative 
coverage. Antimuscarinic agents are often used to prevent 
bladder spasms. Drains, ifnecessary, are typically removed 
on postperative day 1-3. Wounds should be washed with 
soap and water daily after drains are removed. The patient 
may be discharged when afebrile, ambulatory, tolerant ofa 
regular diet, and competent in managing drains, catheters, 
and wound care. 


ORAL COMPLICATIONS AFTER BUCCAL 
MUCOSAL HARVESTING 


Buccal mucosal harvesting is an important tool in the 
urologist’s armamentarium in treating urethral stricture 
disease. The harvesting procedure is considered well- 
tolerated but does carry a risk of long-term complications. 
Several authors have monitored patients postoperatively 
after a buccal mucosal harvesting procedure. Oral pain 
over the harvest site resolves within the first month 
postoperatively. Persistent numbness, tightness, or 
coarseness over the harvest site has been reported 
in patients as late as 2 years postoperatively. Dublin 
and Stewart (2004) reported that 80% of patients who 
underwent urethroplasty with a buccal mucosal graft 
reported that they would undergo the same procedure 
again. Most experts agree that the potential for long-term 
complications such as persistent neurosensory deficits 
and tightness, albeit rare, should be discussed with the 
patient preoperatively. 


The Management of Pelvic Fracture Urethral 
Distraction Defects of Urethra 


These are devastating injury of posterior urethra resulted 
from fracture distraction injury of pelvis. The initial 
management is focused on resuscitation of patient 
and a suprapubic urinary diversion. It is unwise to 
attend any kind of surgical intervention to attempt the 
urethral reconstruction at this stage. This may result 
severe hemorrhage from the open pelvic veins which 
may be difficult to control. The long-term results of such 
attempts proved to be disappointing. In contrast to this, 
a delayed repair has always showed good long-term 
results. A definitive anastomotic repair in general has 
to be postponed until local inflammatory reaction has 
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Box 134.18: The principles of bulbo-prostatic anastomosis 


been resolved and the hematoma contracted to dense 
hematoma fibrosis. This generally takes about 3-4 months. 


Treatment Options for Stricture of 
Membranous Urethra 


Internal urethrotomy may be useful if the anastomotic 
segment is minimal but unfortunately there is risk of 
damage to the distal sphincter mechanism. 


Dilatation 


Blind dilatation of urethra may end up with creation of 
false passage as such is not encouraged. 


Bulbo-Prostatic Anastomotic Urethroplasty 


The most appropriate technique, which may produce 
a long-term satisfactory result in these difficult cases. 
The principles of bulbo-prostatic anastomosis are (a) 
mobilization of normal bulbar urethra; (b) spatulation 
of the vascularized proximal end; (c) complete excision 
of hematoma fibrosis; (d) tension free, spatulated bulbo- 
prostatic anastomosis; (e) splinting the anastomosis with 
a narrow caliber silicon catheter and; (f) urinary diversion 
(Box 134.18). 


Technique of Bulbo-Prostatic Anastomosis 


To undertake the above procedure perineal approach 
may be satisfactory for the most of the uncomplicated 
cases. But for more complex fracture distal injury 
associated with extensive callus formation may require 
and abdominoperineal approach sometimes with total 
resection of pubis and callus in order to achieve a tension 
free perfect repair. Transposition of omental pedicle flap 
to support the urethral reconstruction may improve the 
result. Having ensured that the two ends reach each other 
without tension, the free end of the bulbar urethra is 
spatulated to prepare it for anastomosis to the spatulated 
prostatic urethra. 

If there is any tension between the two ends when 
they are approximated (or when they quite obviously will 


not come together) a 4-5 cm full thickness wedge of the 
pubis should be removed (pubectomy) and the bulbar 
urethra should be re-routed around one side of the shaft 
of the penis. This re-routing is achieved by eliminating 
the natural curve of the urethra. The urethra is allowed to 
run directly through the pubis to the front of the prostate, 
has the effect of giving another 2-3 cm beyond that which 
can be gained by the elastic lengthening achieved by 
mobilization of the bulbar urethra. The net result is that, 
with re-routing, a stricture 5-6 cm long or sometimes even 
longer can be corrected by bulbo-prostatic anastomosis. 

With the abdominoperineal procedure the bulbo- 
prostatic anastomosis is more easily performed from 
above than from below. About eight interrupted 4/0 vicryl 
sutures will be placed in all. When the anastomosis is 
complete a 16 Fr silicone Foley urethral catheter is passed 
to act as a stent for the anastomosis and urinary drainage is 
established by means of a 20 Fr Foley suprapubic catheter. 

With a transperineal procedure the anastomosis is 
sometimes more difficult than with a pelvic approach 
because of the more resected access. It is usually easiest 
to place the sutures first, taking care to pick up urothelium 
on each side with each stitch, and then push the bulbar 
urethra down along the sutures onto the prostatic apex 
and then tie them. 

As with all urethral reconstruction, the procedure is 
completed by a series of lateral tethering sutures on each 
side of urethra, to fix the corpus spongiosum to the corpora 
cavernosa, and by overclosure of the bulbospongiosus.® 


Permanent Urethral Stents 


Permanent urethral stents are placed endoscopically 
(Fig. 134.16). Stents are designed to be incorporated 
into the wall of the urethra and provide a patent lumen. 
They are most successful in short-length strictures in the 


Fig. 134.16: Permanent urethral stent 
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bulbous urethra. Complications occur when a stent is 
placed distal to the bulbous urethra, causing pain while 
sitting or during intercourse. Other complications involve 
migration of the stent. This procedure is contraindicated 
in patients with dense strictures and in patients with prior 
substitution urethral reconstruction because it elicits a 
hypertrophic reaction. It may be best reserved for patients 
who are medically unfit to undergo lengthy open urethral 
reconstruction procedures.’ 


COMPLICATIONS 


Postoperative urinary tract infection and wound infections 
are rare complications of surgery to repair urethral 
strictures. Although there is no universal protocol for 
prescribing antibiotics postoperatively, most surgeons 
provide a short course of antimicrobials to minimize 
infections. Importantly, a sterile culture should be 
documented prior to bringing the patient to the operating 
room. In the event that a urine culture is positive for 
bacterial growth, culture-specific antibiotics should be 
prescribed prior to the procedure. 


Complications Associated with 
Individual Procedures 


Urethral Dilation 


The recurrence of the urethral stricture is the most 
common complication. Dilation of a urethral stricture is 
appropriate for patients with isolated epithelial strictures 
without scarring of the corpus spongiosum. Although 
rare, dilations can lead to urethral trauma caused by 
passage of the instrument through the urothelium into 
the corpus spongiosum or perispongial tissues. This risk 
can be minimized with careful technique and appropriate 
selection of patients for dilation. 


Internal Urethrotomy 


Recurrence of the stricture is the most common 
complication, with up to 80% of strictures recurring 
after an internal urethrotomy. Persistent postoperative 
bleeding can occur. The placement of a urinary catheter 
postoperatively provides intraluminal tamponade of 
superficial blood vessels. Extravasation of irrigation can 
precipitate a fibrotic response within the perispongial 
tissues. 


Permanent Urethral Stents 


The distal migration of a urethral stent can lead to the 
complications of pain while sitting or during intercourse. 
Large multicenter studies have identified short-term risks 
of perineal discomfort and dribbling. Long-term risks 
include painful erections, mucous hyperplasia, recurring 
strictures, and urinary incontinence. 


Open Reconstructive Techniques 


Large series describing the use of an end-to-end 
anastomosis after excision of the strictured urethral 
segments report high success rates. Barbagli et al. (2007) 
reported on a series of 153 patients undergoing this repair 
for bulbar urethral strictures. Most of the strictures were 
less than 2 cm in length. Ninety-one percent of patients 
responded after the single repair. 

Postoperative chordee and penile shortening after 
an excision and primary anastomosis is a concern. 
Appropriate patient selection and mobilization of the 
distal urethra may minimize these risks. Younger patients 
are less likely to experience these complications, as they 
have more compliant urethral tissue. 

Other reported complications include ejaculatory 
dysfunction. Recent reports assert that sparing periurethral 
musculature such as the bulbospongiosus muscle can 
minimize postoperative ejaculatory dysfunction. Less 
commonly, decreased penile glans sensitivity, coldness of 
the glans during erection, and a glans that is not swollen 
during erection has been documented. 

Onlay procedures use tissue transfer techniques, 
including skin flaps, rather than a graft, such as buccal 
mucosa. Complications include postvoid dribbling caused 
by postoperative diverticulum, retraction of the ventral 
skin of the penis, and urethrocutaneous fistula. Most 
experts agree that surgical technique and experience with 
tissue transfer techniques play a large role in maximizing 
outcomes and minimizing complications. 


OUTCOME AND PROGNOSIS 


Urethral Dilation and Internal Urethrotomy 


A prospective randomized comparison of internal 
urethrotomy and urethral dilation for male urethral 
strictures found no significant difference in efficacy 
between the two procedures when used as initial 
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treatment.” Recurrence rates increased as the length of 
the stricture increased. Recurrence rates at 12 months 
were 40%, 50%, and 80% for stricture lengths of less than 
2 cm, 2-4 cm, and greater than 4 cm, respectively. The 
recurrence rate for strictures 2-4 cm long increased to 75% 
at 48 months of follow-up. 


Oral Mucous Membrane Graft Urethroplasty 


Possibly the best long-term result on urethral strictures is 
achieved through the unique oral mucous membrane graft 
urethroplasty. Barbagli et al. pioneered the use of the dorsal 
placement onlay OMG, and initially reported a success 
rate of 100%. Review found that of the studies explicitly 
using onlay OMG urethroplasty for stricture repair 14 used 
ventral placement (377 cases) with an aggregate success 
rate of 87.5%. 7 studies of dorsal placement (267 cases) for 
stricture repair with a success rate of 68.2%." 


Permanent Urethral Stents 


Failures typically occurred in patients with extensive 
stricture disease. The North American Study Group 
11-year data demonstrated an overall success rate of less 
than 30%.'® Additionally, some unique complications 
are associated with permanently implantable stents 
they include stent encrustation, stent migration, stone 
formation, etc.!!)” 


Excision with Primary Anastomosis 


This form of repair for anterior urethral strictures is 
considered to be the criterion standard. Historically, this 
technique has been reserved for strictures shorter than 
2 cm. Better understanding of the anatomy has led to 
successful application of this repair to longer strictures. 
Jordan and Schlossberg (2007) reported 3 recurrences 
among 220 patients undergoing primary repair, with a 
mean follow-up period of 44 months.? Mundy (2006) 
performed an analysis of a large series of urethral 
reconstructions and described a durable rate after primary 
repair that does not deteriorate with time.'”" 


Free Graft Repair 


These procedures have an overall success rate of 84.3%. 
Mundy’s analysis demonstrated a 95% success rate with 
graft reconstructions when the follow-up was limited to 1 
year. Longer follow-up showed deterioration over time.” 


Pedicled Skin Flaps 


The overall success rate is 85.5%. Skin island onlay flap 
with preservation of the urethral plate provides better 
success rates than the tubularized flap. Tubularized island 
flaps have lower success rates than skin island onlay flaps 
secondary to stricture formation at the site of anastomosis 
with the native urethra.’ 

A meta-analysis showed equivalent results when 
comparing graft versus flap reconstruction.'* Many authors 
believe grafts are better suited for proximal reconstruction 
than flaps for distal reconstruction when all other variables 
are equivalent.® 


POSTOPERATIVE ERECTILE DYSFUNCTION 


Overall, the rates of erectile dysfunction after urethral 
reconstruction are low. Reported rates are as low as 2%.° 
Patients with severe straddle injuries were particularly 
at risk. A series of 200 patients who underwent anterior 
urethroplasties demonstrated that the rate of erectile 
dysfunction was comparable to that after circumcision. 
Patients who had longer segments of their urethra 
reconstructed were at higher risk. In this analysis, erectile 
dysfunction did improve over time.* 


CONTROVERSIES 


Many techniques are available for the treatment of urethral 
stricture disease. Based on the literature, each technique 
clearly cannot be applied successfully to every situation. 
Urologist who treats patients with urethral strictures must 
be experienced in several techniques. Each technique has 
advantages and disadvantages. Recently, buccal mucosa 
free graft urethroplasty has received favorable attention 
because of its excellent early results and decreased level of 
difficulty compared with those of pedicled skin flaps. 


The Role of Tissue Engineering and 
Stem Cells in Urethral Reconstruction 


Tissue engineering incorporates the disciplines of cell 
transplantation, materials science, and engineering 
with the objective of creating functional replacement 
tissue. El Kassaby et al. recently published a randomized 
comparative study of buccal mucosal and acellular 
bladder matrix grafts. An off-the-shelf matrix derived from 
the bladder was used. This biomaterial was obtained from 
donors and prepared via a multistep process, resulting in 
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the removal of all cellular components. The tissue matrix 
that remains consists of collagen, elastin, growth factors, 
and macromolecules. Predicated on biocompatibility 
and the ability to recruit urethral tissue growth in several 
experimental and clinical studies, this matrix was used. 

With a mean follow-up period of 25 months in patients 
with a healthy urethral bed, the success rates for the 
acellular bladder matrix were similar to those using buccal 
mucosa. In patients who had undergone two or more 
prior urethral surgeries with significant spongiofibrosis, 
the success rate significantly deteriorated for the acellular 
matrix relative to buccal mucosa. This study demonstrates 
promise for the use of acellular matrices as a viable option 
for urethral repair in patients with a healthy urethral bed, 
no fibrosis of the corpora spongiosis, and good urethral 
mucosa.’ Many of the successful experiments using stem 
cells for regenerative medicine have been within the field 
of urology using bladder, kidney, and urethral tissue.’ 
Without question, this is an exciting and interesting field 
that may revolutionize the way urethral stricture disease is 
treated in the future. 


FUTURE OF URETHRAL STRICTURE 
MANAGEMENT 


Many forms of urethral stricture management are 
appearing from the primitive time up till now. Many of 
them have disappeared except the few techniques of which 
urethral reconstruction provided the most successful long- 
term results. The tissue engineering techniques has got a 
promise in the field of urethral reconstruction, where the 
urothelium can be cultured on scaffold which can be used 
in more complex cases. It may be emphasized that the 
time tested older techniques, like urethral dilatation and 
visual internal urethrotomy will remain as a sole treatment 
for the simpler strictures and complimentary procedures 
for the complex strictures where the urethroplasties are 
the sole treatment.” 
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MA Salam 


The reconstruction of urinary bladder is one of the delicate 
urolocal work which can offer a new life to the patients. 
A urinary bladder which cannot hold urine due to its 
poor capacity or compliance, as a result of a neuropathic 
disorder or become contracted because of fibrosis due 
to tuberculosis and cannot hold urine augmentation, 
cystoplasty can offer them a new life. Substitution 
cystoplasty would be specifically indicated when the 
urinary bladder has to be removed due to cancer. 


TYPES OF CYSTOPLASTY 


There may be two types of cystoplasty: 
1. Augmentation cystoplasty. 
2. Substitution cystoplasty. 

In both the instances the procedure is performed where 
the urinary diversion is the only alternative. The advantage 
of this procedure is that the patient can void through 
urethra with a very poor amount of urinary symptom. 


INDICATIONS OF CYSTOPLASTY 
Augmentation Cystoplasty (Patching the bladder) 


e Small contracted bladder due to tuberculosis, 
radiation-induced cystitis or interstitial cystitis 
e Detrusor hyper-reflexia due to suprasacral spinal lesion. 


Substitution Cystoplasty (Orthotopic Neobladder) 


e Selected cases of bladder cancer 
e Small contracted bladder unsuitable for augmentation 


cystoplasty. 
CONTRACTED BLADDER 


Themostcommonconditionresultedtoacontracted bladder 
are tuberculosis, interstitial cystitis or postradiotherapy 


Reconstruction of 
Urinary Bladder (Cystoplasty) 


cystitis. In active infection the bladder can be completely 
removed and a substitution cystoplasty could be the choice. 
Small contracted bladder unsuitable for augmentation 
cystoplasty may be treated with substitution cystoplasty. 


Causes of Contracted Bladder 


e Tuberculosis (TB) 

e Hyper-reflexic neuropathic bladder 
e Radiation cystitis 

e Interstitial cystitis. 


OVERACTIVE BLADDER 


Augmentation or substitution cystoplasty may be indicated 
in abnormal bladder when they are refractory to medical 
treatment. There could be three main types of detrusor 
dysfunction where cystoplasty may be indicated. 

1. Detrusor hyper-reflexia. 

2. Refractory detrusor instability. 

3. Poor bladder compliance. 


Detrusor Hyper-reflexia 


Detrusor hyper-reflexia is a type of neuropathic 
bladder due to upper motor neuron lesion (suprasacral 
lesion) commonly presented with spinal injury above 
L1 level. This is characterized by a high intravesical 
pressure, poor bladder capacity with detrusor sphincter 
dyssynergia. The patients are usually incontinent and 
may have urinary complications like repeated infection, 
stone formation and progressive deterioration of renal 
function. 


Refractory Detrusor Instability 


Refractory detrusor instability is a type of detrusor hyper- 
reflexia due to unknown cause where the augmentation or 
substitution cystoplasty may be indicated ifthey are refractory 
to uroselective anticholinergic drugs like oxybutynin. 
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Poor Compliance of Bladder 


Poor compliance of bladder is seen on urodynamic testing 
in patient with small capacity bladder may require an 
augmentation cystoplasty to improve their bladder function. 


AUGMENTATION CYSTOPLASTY 


Augmentation cystoplasty uses intestinal segments to 
improve the storage function of the urinary bladder. The 
objective is to achieve a large capacity with a low pressure 
reservoir. Laplace’s law, 

T=P,..R/2d 
whereas T= wall tension, P „= internal pressure of vessel, 
R= radius, d= wall thickness. 

Ifthe urinary bladder has to be removed due to invasive 
bladder cancer, a complete reconstruction of the bladder 
is possible. The techniques of reconstruction of urinary 
bladder may be called as substitution cystoplasty. When 
a part of the bladder is damaged or the size of the urinary 
bladder is reduced it can be augmented by patching 
a segment of gastrointestinal (GI) tract to increase its 
capacity and reducing the intravesical pressure and 
the procedure is called augmentation cystoplasty (Fig. 
135.1). Indications for this procedure would be poor 
compliance (e.g. neurogenic bladder after failed medical 
management), intractible detrusor instability or a small 


bladder capacity [e.g. post TB or post deep X-Ray therapy 
(DXT)].1° 

Augmentation cystoplasty has several names: 

e Augmentation cystoplasty 

e Bladder augmentation 

e Clam cystoplasty 

e Tleocystoplasty 

e Bramble cystoplasty 

e Enterocystoplasty. 

The classic technique of augmentation cystoplasty was 
described by using a segment of vascularized ileum to 
patch the bladder to increase the capacity and to reduce 
the intravesical pressure. A variety of different techniques 
have also been described for using cecum, sigmoid colon 
or stomach and have its advantages and disadvantages 
with each procedures. In this section only ileocystoplasty 
is described.'* 


Patient Selection and Preoperative Considerations 


The patient for augmentation cystoplasty and substitution 
cystoplasty should be admitted to the hospital four days 
before the operation for an antimicrobial and mechanical 
bowel preparation. On the day of operation a third 
generation cephalosporin and metronidazole are given 
with pre- medication and continued for about five days 
after operation. Blood transfusion may be required in some 


Fig. 135.1: Isolation of a vascularized segment and opened up in 
antimesenteric border to make it suitable for patching the urinary bladder 
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Table 135.1: Comparison of tissues for augmentation cystoplasty 


Tissue segment Advantages 


Stomach 
gut and acidosis/azotemia 

Jejunum 

unavailable) 

Usually available, well-tolerated 

Usually available, well-tolerated 


Ileum 
Large intestine 


Ureter 


cases but should not be necessary as a routine practice in 
most of the cases. 

Urodynamics demonstrate a low-volume, poorly 
compliant reservoir, placing the kidneys at risk from high- 
pressure urinary storage. Simultaneous fluoroscopic 
video urodynamics may reveal vesicoureteral reflux. 
Renal ultrasonography or other imaging modalities may 
show renal scarring or impaired renal growth due to high- 
pressure urinary storage (Table 135.1). 

The following points should be ensured: adequate 
renal function, good liver function, bladder and sphincter 
functions assessed urodynamically. A Valsalva leak point 
pressure of 40 cm H,O is necessary for reliable continence 
postoperatively. If lower, surgical improvement of 
continence should be undertaken at the same operation. 
Bladder emptying must be assessed- spontaneous 
sphincter relaxation with detrusor contraction and 
postvoid residual (PVR). Regardless of emptying 
efficiency, the patient must be counseled that intermittent 
self-catheterization (ISC) may be necessary in the 
postoperative period.?”® 


Bowel Preparation 


All patients undergoing augmentation cystoplasty 
require preoperative mechanical and antibiotic bowel 
preparation. Patients stay on a clear liquid diet for 2 days 
prior to the operation and take magnesium citrate the night 
before surgery. Preoperative inpatient hospital admission 
should be planned for patients with renal insufficiency, 
chronic constipation, or a high risk of dehydration so that 
intestinal evacuation can be performed with concomitant 
monitoring and treatment of serum electrolytes and fluid 
status. Scheduled oral erythromycin base and neomycin 
are often administered the night before surgery, and 
intravenous antibiotics are given one hour prior to the 
incision (Fig. 135.2). 


Decreases mucus, infection, and stones; better for short 


Minimizes mucus, infection, stones and electrolyte 
effects 


Disadvantages 


Hemolytic dysuria syndrome 


None (used only if other segments are contraindicated/ 


Electrolyte disturbances; malabsorption 


Electrolyte disturbances; mucus 

Electrolyte disturbances; mucus; sigmoid: strong contrac- 
tions 

Rarely available 


lleocystoplasty 


Fifteen to twenty centimeters from the ileocecal valve 
is spared for bile salt enterohepatic circulation and B12 
absorption. Continuity of the bowel is by ileoileostomy 
and 20-40 cm is required depending on the volume of the 
native bladder and the desired capacity. A plate/dome/cup 
is formed by a US or W reconfiguration. Anastomosis to the 
bivalved bladder is technically easier when commenced 
posteriorly. 


Cecoileocystoplasty 


The cecum and right colon need to be mobilized along 
the avascular white line of Toldt. For continent reservoirs 
and, if a stoma is to be created for ISC, the appendix 
can be used. If not, appendicectomy is performed. The 
ileocecal valve with a limb of ileum may be used to fashion 
an antireflux mechanism if implantation of the ureters is 
required. Bowel continuity is by ileocolostomy. 


Fig. 135.2: Opening up the isolated ileal segment for 
reconstruction of the orthotopic bladder 
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Colocystoplasty 


The sigmoid colon is used because of its mesentery. 
Detubularization and reconfiguration is particularly 
important because the colon generates high pressures. 
The large bowel is reconstituted by colocolostomy. 


Gastrocystoplasty 


The antrum is used based on the left gastroepiploic 
vascular pedicle. The continuity is maintained by Billroth I 
gastroduodenostomy (Leon and Ong 1972). A wedge from 
the body of the stomach can also be used based on either 
gastroepiploic artery. The mobilization of the vascular 
pedicle is often necessary to avoid tension. This part of 
the stomach has a high acid output. Anastomosis to the 
bladder is in two layers and both the stomach and the 
bladder are drained. 


Surgical Procedure for Ileocystoplasty 


A midline lower abdominal or a Pfannenstiel incision 
provides a wide and easy access into the pelvis. A ring 
retractor may be useful to hold the incision open. The 
urachus is then defined, ligated and divided on the top of the 
bladder. The peritoneum at this point is open to expose the 
dome of the bladder. The lateral margins of the bladder are 
dissected with a combination of sharp and blunt resection 
taking care to control the bleeding vessels. The superior 
vesical pedicels are divided between the ligatures. The 
bladder is mobilized from the posterior wall of the pubis by 
gentle dissection taking care of the bleeding vessels. When 
the maximum circumference of the bladder is mobilized 
than the bladder is open coronally over the convex surface 
and extended up to the ureteric orifices with the help of the 
diathermy needle in order to minimize the bleeding. At this 
stage the bladder is bisected into two leaves. The maximum 
circumference of the incision is measured.** 

In the next stage, a suitable segment of ileum is isolated 
with its vascular pedicle. An end-to-end anastomosis 
was performed to establish the continuity of the gut. The 
isolated segment is then split open at the antimesenteric 
border to make a ribbon. The isolated vascularized 
segment of ileum is now patched into the open end of 
the bladder using a continuous suture with 2/0 dexon or 
vicryl. The repair should be water tight and protected by a 
suprapubic cystostomy. The operative field is checked for 
adequate hemostasis and a drain is left in the peritoneal 
cavity before the wound is closed. Continuous bladder 
irrigation is ensured to prevent blockage of the catheter by 
mucus plug.*” 


di 


Fig. 135.3: Gastrointestinal stapling device is at use for the 
orthotopic bladder reconstruction 


Fig. 135.4: Principle of orthotopic bladder 


SUBSTITUTION CYSTOPLASTY 


Substitution cystoplasty allows the patient to enjoy his 
micturition through the urethra when his bladder is removed 
due to malignant disease. This may be one of the best gifts 
to the patient by the modern reconstructive urological 
techniques (Figs 135.3 to 135.5). This becomes possible due 
to simultaneous improvement of cytotoxic chemotherapy for 
bladder cancer. 
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Fig. 135.5: An orthotopic bladder (neobladder) allows the patient 
to pass urine as normal during the day, through leakage may occur 


Substitution Cystoplasty can be Completed With 


e Ilium, e.g. Studer’s bladder 
e Cecum and ascending colon, e.g. Mundy’s bladder 
e Sigmoid colon. 

Like augmentation cystoplasty several techniques of 
substitution cystoplasty have been described using ileum, 
sigmoid colon, cecum and ascending colon. In this section 
substitution cystoplasty with ileum is only described." 


Studer’s Bladder 


This technique is currently becoming the most popular 
substitution cystoplasty and it is entirely constructed with 
ileum. About 45 cm of ileum is mobilized on its vascular 
pedicle. The entire length of the ileum at its antimesenteric 
is opened in order to make a long flat ribbon. The margins 
of the opened ileum are sutured in the fashion of W. The 
ureter is implanted over the reservoir using one of the 
antireflux mechanism. Now, the W is configured into 
sphere (Fig. 135.6). 

The most dependent part of the sphere is anastomosed 
with the membranous part of the urethra proximal to 
sphincter. The newly constructed reservoir becomes 
continent with urethral sphincter. 


POSTOPERATIVE MANAGEMENT 


Intravenous fluids and nasogastric drainage are initially 
maintained for several days until the patient’s bowel 
function returns. Fluid and electrolyte status are monitored 
clinically with serum chemistry evaluation. 


Fig. 135.6: Distended orthotopic bladder following 
urethrovesical anastomosis to demonstrate any leak 


Nasogastric tube decompression is typically 
maintained until bowel function is recovered, although 
some studies have found that this does not decrease 
early postoperative complications. Typically, a urethral 
Foley catheter and a suprapubic tube are used to drain 
the bladder, the latter exiting the abdomen directly or 
through the catheterizable stoma. The bladder should be 
manually irrigated 3 times per day and as needed to clear 
the suprapubic tube and urethral Foley of mucus. The 
pelvic drain can be removed when concern for urine leak 
is eliminated, either by low output or by fluid chemistries 
that indicate peritoneal fluid. The patient is discharged 
with the capped suprapubic tube in place and a urethral 
catheter draining the bladder. Taping the suprapubic tube 
to the abdomen can prevent unintentional manipulation. 
Low-dose antibiotic prop-hylaxis is continued for about 3 
weeks postoperatively, until all catheters and drains are 
removed. 

During the first few postoperative weeks, the urethral 
catheter is removed, and the patient should begin 
catheterization at 2-3 hour intervals. The suprapubic tube 
should be irrigated three times per day to clear mucus. 
Cystography performed 2-3 weeks after surgery should 
confirm the augmented bladder’s integrity prior to removal 
of the tube. To avoid false-negative urine-leak findings, the 
cystography should be performed with at least 300 mL of 
contrast. After removing the suprapubic tube, the patient 
may gradually increase the interval between intermittent 
catheterization to 4 hours. Patients should wake up at least 
once per night to catheterize. Patients without neurologic 
deficits may try to void, but PVR volumes must be checked 
to ensure adequate emptying (Box 135.1).!7" 
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Box 135.1: Outline of postoperative management of bladder 
reconstruction 


Abbreviations: NG, nasogastric; CPA, cerebellopotine angle; SP, su- 
prapubic; IVU, intravenous urogram; US, ultrasound; KUB, kidney, 
ureter and bladder; PVR, postvoid residual. 


COMPLICATIONS OF CYSTOPLASTY 


Immediate complications include bleeding, injuries, 
urinary leakage, and necrosis of the bowel segment 
because of the technical fault. Excessive secretion of 
mucus from the ileum may cause blocking of catheter 
resulting leakage into the peritoneal cavity or exterior. 
The delayed complications are similar to the other form of 
urinary diversion. 


Metabolic Derangements 


Except for gastrocystoplasty, which causes hypokalemic 
hypochloremic metabolic alkalosis, most intestinal 
segments can cause metabolic acidosis. The jejunum, 
which is rarely used, can cause volume contraction and 
hyperkalemia, whereas ileal and colon segments can cause 
hyperchloremia. The acidosis caused by these segments 
is of concern in younger patients who are susceptible to 
growth retardation and bone density loss due to occult or 
recognized acidosis. The exact mechanism for this has yet 
to be elucidated, but oral bicarbonate replacement may 
obviate some of these effects. 


In addition, patients with baseline renal insufficiency 
are at a significantly increased risk of developing marked 
serum acidosis. This can manifest as weakness, fatigue, 
thirst, and failure to thrive. The screening for patients 
who need bicarbonate replacement is also helpful in this 
setting. 

Because ofthe effects onvolumeandelectrolytes, the use 
of jejunum is typically avoided in bladder augmentation, 
urinary reservoirs, and urinary conduits. The use of gastric 
segments may decrease the potential need for bicarbonate 
replacement in the patients with renal insufficiency who 
have acidosis; however, severe metabolic derangements 
may still develop. Rink et al. (1995) reported on episodes 
of severe hypokalemic hypochloremic metabolic alkalosis 
developing after gastrointestinal illness." 


Intestinal Obstruction 


Three percent incidence reported. Ensure closure of 
mesenteric windows. 


Diarrhea 


It may occur temporarily especially if a long segment of 
ileum is used. This is more of a problem if the ileocecal 
valve is used which reduces the bowel transit time. 


B „Deficiency and Megaloblastic Anemia 


The use of the terminal 20 cm of ileum and the removal of 
the ileocecal valve are predisposing factors. 


Metabolic Complications 


Ammonium chloride reabsorption and acidosis, chronic 
acidosis leading to bone demineralization and growth 
retardation in children, and with gastrocystoplasty, 
hypochloremic alkalosis. 

Hematuria and dysuria syndrome occurs after 
gastrocystoplasty. 

Formation of tumor at the anastomosis. 

Urinary tract infection is more common in the 
presence of PVR. Asymptomatic bacteriuria in patients on 
ISC should not be treated. 


Stones 


Bladder stones may occur in up to 30% of patients. Itis more 
common in those who catheterize through the abdominal 
wall because of nondependency. Most are struvite stones. 
Mucus, debris and urea splitting organism infection are 
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predisposing factors. Regular complete bladder emptying 
is essential. 


Delayed Spontaneous Bladder Perforation 


No particular intestinal segment is more predisposed. 
Patients present with abdominal pain, distension, fever, 
sepsis, nausea and vomiting, decreased urine output and 
shoulder tip pain. Cystogram is diagnostic. The etiology 
is unknown but catheter perforation from ISC, shearing 
forces from adhesions and recurrent bladder filling and 
emptying, transmural infection of the bowel, ischemia and 
bladder outlet obstruction (BOO) have all been suggested. 
Treatment is laparotomy and surgical repair. 


Alternatives to Augmentation Cystoplasty 


e Ureterocystoplasty 

e Detrusor myectomy 

e Seromuscular enterocystoplasty 
e Bladder regeneration. 


Follow-up of Patients with Cystoplasty 


The follow-up of augmentation and substitution 
cystoplasty is similar to the other form of urinary diversion. 


QUALITY OF LIFE 


The main justification of performing a bladder 
reconstruction is to improve the individual’s quality of life. 
There is great enthusiasm for more difficult surgery, which 
can avoid the use of bag to improve the quality of life. In 
patients with cancer, cystoplasty always may not be the 
best option to achieve a long-term survival. Many patient 
expresses, they have only exchange a group of symptoms 
with the other after a successful cystoplasty.'*"° 
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PRELUDE 


Following cystectomy, the ideal mode of urinary tract 
reconstruction, is a challenge for the urologic surgeon. 
There could be an option for a urinary diversion (UD) or 
an orthotopic neobladder. The UD can be either continent 
or could be an incontinent diversion which will require 
external appliances for collection of urine. 

Till now, ileal conduits were considered the gold 
standard and represented the most popular form ofurinary 
tract restoration but the negative body image associated 
with an external ostomy appliance stoma related 
complications and the cost of the appliance, led to the 
development of continent UD and bladder replacement 
reconstruction to improve outcomes for patients who 
undergo cystectomy.'* 

Clear understanding of isolated bowel segment 
physiology, improvements in surgical technique, and the 
acceptance of intermittent catheterization have promoted 
the widespread popularity of these forms ofreconstruction.** 

Usually the continent UDs are performed less frequently 
as compared to noncontinent UDs. Most patients with 
cancer of the bladder and spinal cord injuries are excellent 
candidates for continent catheterizable diversions. The 
candidates for UD due to neurologic dysfunction often 
do not have normal hand motor skills. Before operation, 
this condition must be evaluated carefully and adequate 
counseling should be offered to the patient and family.** 


MA Salam 


DEFINITION 


Urinary diversion may be defined as a urological procedure 
where the flow of urine is diverted out of the body other 
than normal pathway. 


Lower Urinary Tract: Temporary Diversion 


Urinary diversion may be urgently warranted to save a 
kidney in acute obstructive uropathy due to stone or any 
other cause by a percutaneous nephrostomy. 


Urinary Diversion 


Lower Urinary Tract: Permanent Diversion 


When the lower urinary tract is congenitally abnormal or 
the bladder has to be removed due to malignant disease 
the urine is diverted permanently in the form of continent 
diversion or in a conduit. Ileal conduit is one of the classic 
incontinent permanent diversions which was described by 
Briker in 1950’s, which carries the best prognostic results 
in terms of survival (Fig. 136.1). 

The reservoir of the continent diversion may be 
created by with a long segment of ileum or a segment of 
large bowel. The continence mechanism of the reservoir 
can be constructed by creation of valve, e.g. Kocks nipple 
(flatter valve), Mitrofanoff’s principle or Benchekroun’s 
system. Sometimes the artificial urinary sphincter may 
be considered as a last resort for the continence of the 
reservoir.” 


Fig. 136.1: Ilea conduitis one of the classic incontinent permanent 
diversions which was described by Briker in 1950s, which carries 
the best prognostic results in terms of survival 
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Box 136.1: Historical milestones of urinary diversion 


HISTORY OF THE PROCEDURE 


The surgeons have been performing urinary tract 
diversions for almost 150 years. In 1852, Simon, first 
reported diversion of urine to a segment of bowel by 
creating fistulas between the ureters and the rectum in a 
patient with bladder exstrophy with an aim to divert the 
urine to the sigmoid colon to benefit from continence 
provided by the anal sphincter.” Before 1950s, the 
use of the anal sphincter for continence established 
ureterosigmoidostomy as the UD of choice. Despite of 
introduction of anti refluxing during this period, the risk 
of long-term complications with ureterosigmoidostomy 
was significant (hydronephrosis: 32%; pyelonephritis: 
57%; metabolic derangements: 47%). With a new idea, in 
1950, Bricker popularized the use of the ileum as a urinary 
conduit, which constituted the gold standard for patients 
who underwent UD until the 1980s." 

Using the concepts of a cutaneous catheterizable 
ileocecal reservoir developed in 1950, several investigators 
reported encouraging initial results with colonic 
reservoirs in the mid 1980s and Kock et al concurrently 
developed a catheterizable ileal pouch. Camey and LeDuc 
reintroduced the concept of the neobladder in 1979, and 
other investigators improved the technique by applying 
the experiences of the early continent UD.!"""""° 

Historical milestones of UD are discussed in Box 136.1. 


INDICATIONS 
Emergency Diversion 


Acute obstruction of upper urinary tract—a percutaneous 
nephrostomy is the best immediate step. Acute retention 
of urine where urethral catheterization is not possible or 
contraindicated, e.g. stricture urethra and urethral injuries 
a suprapubic cystostomy is the best option. 


Elective Urinary Diversion 


Suprapubic UD may be needed in acute retention of urine 
where catheterization is not possible. In this situation 


a suprapubic UD is made with a disposable system. 
Other incontinent UD, e.g. cutaneous vesicostomy, 
cutaneous ureteostomy, cutaneous pyelostomy are 
usually temporary UD where the urine is collected in 
a suitable bag. They all are temporary and maintained 
until the reconstruction or correction of the pathology 
is completed. Common indications for urinary system 
diversion may be as follows: 

e Bladder cancer requiring radical cystectomy 

e Neuropathic bladder that threaten renal function 

e Intractable incontinence 

e Severe radiation induced cystitis. 

In cases of muscle invasive bladder (MIB) cancer or 
those who have a particularly high-risk and high-grade 
aggressive and/or T1 stage are most often treated with a 
radical cystectomy. The cystectomy includes a radical 
prostatectomy in men and a hysterectomy with or without 
an anterior layer of vaginal tissue in women. The radical 
cystectomy compounded with a UD or orthotopic bladder 
may provide the patient’s best chance for long-term 
survival.” 

Neuropathic bladders that require UD are most often 
caused by either traumatic or congenital etiologies. 
Patients with myelodysplasia are normally treated with 
augmentation cystoplasty however, some patients require 
UD. About 40% of children with myelodysplasia are at high- 
risk for upper urinary tract changes, and approximately 
6-8% of these patients require surgical intervention." 

Hyper-reflexic bladders may be dangerous to the 
upper urinary tract and sometimes UD may be indicated 
to protect the renal function. Urinary diversion may also 
be indicated for patients with intractable incontinence or 
chronic pelvic pain syndromes.'*”° 


CLASSIFICATION OF URINARY DIVERSION 


Incontinent Urinary Diversion 


e Ileal conduit 
e Pyelostomy 

e Ureterostomy 
e Vesicostomy. 


Continent Urinary Diversion 


These are as follows: 


Continence on Anal Sphincter 


e Ureterosigmoidostomy 
e Mainz pouch II 
e Gonem’s pouch. 


869 


870 


Section 17 Reconstructive Urology 


Continence on Valve 


e Kock’s pouch 

e Indiana pouch 

e Mitrofanoff’s principles 

e Artificial urinary sphincter. 


WORK-UP 
Laboratory Studies 


The laboratory studies for patients with UD should 

be primarily directed toward excluding infection and 

assessing metabolic status, specifically metabolic acidosis. 

The following laboratory studies are suggested: 

e ‘The arterial blood gas (if significant metabolic acidosis 
is expected) 

e The complete blood cell count 

e The urinalysis and urine culture (if indicated) 

e The electrolytes, blood urea nitrogen (BUN) and 
creatinine. 

A creatinine clearance of 60 mL/min necessary prior 
to performing continent diversion means that a minimum 
of renal function is necessary because of the increased 
renal demand created by continent UD. The reason for 
this prerequisite is because of the increased contact time 
of urine with bowel segments; previously eliminated renal 
products are reabsorbed and must again be re-excreted. 


Imaging Studies 
Ultrasonography 


The ultrasonography is a bed side and first line method for 
imaging the upper urinary tracts because it noninvasive 
requires no nephrotoxic agents. This study is most useful 
if findings are completely normal or if no change from 
prior multiple studies is demonstrated upon comparison. 
Evidence of hydronephrosis in bladder cancer indicates 
muscle invasion and a decision of radical cystectomy can be 
logically made by branding it as a high-risk bladder cancer. 

While following the patient of UD in the OPD setting 
(where ultrasound facilities is generally available), a mild- 
to-moderate hydronephrosis in a patient with UD is not 
unusual, especially with a noncontinent conduit. It may be 
noted that ultrasonography offers no information on the 
physiologic drainage of the urinary system. 


Intravenous Urography 


Intravenous urography (IVU) may be an excellent method 
of imaging the integrity and drainage of the upper urinary 


system. The weakness of this test is with a patient who 
is either allergic to intravenous contrast or is azotemic. 
However, in the absence of these two limitations, this is the 
study of choice for evaluating a patient for a UD procedure. 


Nuclear Scan 


The use of nuclear test with mercaptotriglycylglycine 
(MAG3) or diethylene triamine penta-acetic acid (DTPA) 
is an excellent imaging agent for assessing renal function 
and drainage. The drainage is better assessed with the 
addition of a lasix injection after accumulation of tracer in 
the collecting systems (diuretic renogram). Main drawback 
to nuclear imaging is the lack of information obtained 
regarding the precise location of obstruction or integrity of 
the urinary tract. 


Computed Tomography Scanning 


The noncontrast computed tomography (NCT) scanning 
is most useful for demonstrating the presence of urinary 
calculi; if absent, performing a contrast-enhanced study is 
probably more useful for assessing drainage, function and 
integrity. 

The CT scanning is extremely valuable for assessing a 
ruptured continent urinary reservoir or for determining 
the presence of fistulous communication of the urinary 
tract with the gastrointestinal or genital tracts. In follow-up 
program this study provides an excellent tool for any 
recurrence in abdominal organs or lymph nodes. 


Magnetic Resonance Imaging 


The use of MRI is rarely indicated in an evaluation for UD. 
Potential use for MRI is using gadolinium for imaging the 
drainage of a tract in a patient who is azotemic or allergic 
to intravenous contrast. 


PRINCIPLES OF NONCONTINENT URINARY 
DIVERSION 


The noncontinent UD is considered less technically 
demanding but is associated with the fewest postoperative 
complications; therefore, this technique is the criterion 
standard. The noncontinent UD is performed by either 
directly anastomosing the ureters to the anterior body wall 
(i.e. cutaneous ureterostomy) or using a segment of bowel 
to anastomose in a similar manner to the anterior wall for 
ostomy bag drainage.*'® 

Most commonly used segment of intestine for 
noncontinent conduit diversion is 15-25 cm ofileum, colon 
and, least often, jejunum bowel segments. These segments 
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usually could be easily mobilized on a vascular pedicle, 
which allows for ureter anastomosis at the proximal end 
and stoma formation on the abdominal wall (most often 
in the right lower quadrant) at the distal end. To promote 
drainage and to minimize urine reflux, ensuring that the 
urine flows in an iso-peristaltic manner relative to bowel 
segment motility is important. 

The direct ureter anastomosis with the skin is the 
only form of diversion that does not require use of the 
gastrointestinal tract(GIT).Inseverehydroureteronephrosis 
of children’s due to posterior urethral valve (PUV) or 
vesico ureteric reflux (VUR), a cutaneous ureterostomy is 
often performed to protect kidney function (Fig. 136.2). 
The procedures are temporary measure prior to a future 
and more definitive procedure. Cutaneous ureterostomy 
is rarely performed but may be indicted severe radiation 
cystitis where any form of urinary reconstructions may be 
broken due to the poor healing properties. This type of UD 
may also be indicated in an emergency situation where the 
surgery has to be short may be because of the compromised 
patient general condition. 

Cutaneous ureterostomy has a place in cases where a 
patientwith MIBcancerwastreatedbyradiationtherapywhich 
has resulted severe voiding symptoms, hematuria, severe 
pain and clotretention, where the best choice is acystectomy 
(Figs 136.2 and 136.3). Any form of reconstruction of 
urinary tract involving the gut is likely to be a failure 
because the healing properties of the GI tract are severely 
compromised. This may result an anastomotic failure 
causing a life threatening complication like leakage from 
gut anastomosis generalized peritonitis, GI and urinary 
fistula. 13141621 


Fig. 136.2: Cutaneous ureterostomy is often performed to 
protect kidney function 


Fig. 136.3: Cutaneous ureterostomy. This procedure is 
recommended in patients whose chances of survival are limited 
or in those in whom the surgeon is not prepared to perform a 
definitive repair. The distal end of the ureter is tied with permanent 
suture at its ureterovesical junction. The cut end of the ureter is 
bought out retroperitoneally, and an ureter-to-skin anastomosis 
is performed. Ureteral catheterization or stent placement may not 
be necessary 


The ureterosigmoidostomy consists of anastomosing 
the ureters to the sigmoid colon with or without an anti 
reflexic technique. The ureterosigmoidostomy relies on the 
anal sphincter for continence. For several complications 
ureterosigmoidostomy is becoming a less popular method 
of continent diversion. 


Ileal Conduit 


Bricker described ileal conduit in 1950 and following 
that ileal conduit is the most common method of UD. 
The conduit is constructed using a segment of ileum 
approximately 15-20 cm proximal to the ileocecal valve. 
As short a segment minimizes the absorptive surface of 
the bowel in contact with urine. About 12-15 cm length 
of bowel is selected and isolated, the mesentery is divided 
proximally and distally and individual mesenteric blood 
vessels are ligated. The bowel is divided, thus isolating the 
segment selected for conduit construction. The continuity 
of the small intestine is re-established. The conduit is 
usually positioned in the right lower quadrant of the 
abdomen in an isoperistaltic direction. The base of the 
conduit is closed and the ureters are reimplanted directly 
on the ileal segment seperately (Bricker’s technique) 
or the spatulated distal ureters are joined together and 
anastomosed with the base of the conduit (Wallace 
technique) (Figs 136.4 to 136.10). 
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Fig. 136.4: Ileal conduit, with this procedure, the ureters drain 
freely into part of the ileum (the last segment of the small intestine). 
The end of the ileum into which the ureters drain is then brought 
out through an opening in the abdominal wall. This opening, 
called a stoma, is covered with a bag that gathers the urine as it 
drains from the ileal conduit 


Fig. 136.5: The technique of isolation of vascularized gut segment 
by holding the gut against the light and using Harmonic scalpel 
in dividing the mesenteric vessel is fast and easy as it does not 
require sutures 


The preselected stoma site is identified and a small circle 
of skin and underlying fat excised. The fascia is incised in 
a cruciate fashion or a small circle of it is excised. The end 
of the conduit is brought through the lateral aspect of the 
rectus abdominis muscle and anchored to the fascia and the 
stoma is then formed. The stoma should protrude, without 
tension, approximately 2.5 cm above the skin surface 
(Figs 136.4 to 136.11). 


Reconstructive Urology 


Fig. 136.6: Single layer extramucosal interrupted sutures with 
5/0 vicryl will guarantee the uninterrupted healing of the gut 


Fig. 136.7: Wallace-type anastomosis, incontinent cutaneous 
diversion (Bricker procedure). Schematics show the surgical 
technique and the resultant anatomic configuration. First, an 
ileal segment approximately 15-20 cm long, proximal to the 
ileocecal valve, is isolated for construction of the ileal conduit. 
Next, the ileal segment with its mesentery is positioned below 
the ileo-ileal anastomosis. Both ureters are anastomosed together 
to the proximal end of the ileal conduit (refluxing Wallace-type 
anastomosis), and two stents are placed through the uretero- 
intestinal anastomosis 


Colon Conduit 


Few advantages exist if the large bowel is used in 
construction of urinary conduits: nonrefluxing 
ureterointestinal anastomoses are easily performed; stomal 
stenosis is uncommon because of the wide diameter of 
the large bowel; limited absorption of electrolytes occurs; 
and the blood supply to the transverse and sigmoid colon 
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Fig. 136.8: Bricker’s technique, the base of the conduit is closed 
and the ureters are reimplanted directly on the ileal segment 
separately. The choice between a Bricker anastomosis and Wallace 
anastomosis is mostly based on surgeon preference. Criticism 
of Wallace anastomosis is due to the rare recurrence at the UIA 
or the possibility of a stone which may obstruct both systems. 
A recurrence at this junction may affect both collecting systems 
and can cause bilateral ureteral obstruction and subsequent renal 
failure. Also, the subsequent need for a nephroureterectomy 
involving a Wallace anastomosis can be complex and requires 
reimplanting in a Bricker fashion. Bricker anastomosis, on the 
other hand, has been criticized on the basis of an increased risk of 
stricture formation and increased operative time required, despite 
any published evidence to support these claims 


Fig. 136.9: Urostomy pouches are flat, watertight, and lightweight. 
They adhere to skin through a one or two-piece system. In a two-piece 
system, skin barrier wafers stick to your skin and then a pouch is 
attached on top of the wafer to protect the area around your stoma. 
In a one-piece appliance, all of these components are fitted into one. 
Most of them are installed with an anti-reflux valve that allows urine 
to drain into the bag, but not to flow back up into the stoma 


Fig. 136.10: The external appliance is in place for ileal conduit 


is abundant. Proximal sigmoid colon is the segment of 
preference by most urologists. 


PRINCIPLES OF CONTINENT URINARY DIVERSION 


Normally the lower urinary tract is made of three 
components (i) a reservoir; (ii) the bladder itself and; (iii) 
the continence mechanism the sphincter itself and the 
bladder has a conduit to expel the urine out is the urethra. 
e Reservoir (Bladder) 

e Continence mechanism (Sphincter) 

e Aconduit (Urethra). 

Like the natural mechanism the continent UD is being 
engineered with the concept of the natural arrangement of 
the lower urinary tract. 

Most commonly used bowel segments for continent 
UDs are either ileum or a combination of terminal ileum 
and ascending colon and it is ensured that all continent 
diversions store and empty urine at low pressures is 
paramount. A high storage pressures may cause high- 
pressure reflux nephropathy and may result in renal 
failure. As such all bowel segments used for continent 
diversion, are detubularized which increases capacity and 
decreases luminal pressure by a magnitude of 3-4 times 
lower than the original segmental pressure.!41617-24 

The orthotopic bladder (ortho means correct and 
topic means of a place) is a term that describes the 
reconstructed pouch anastomosed to the native urethra 
and the continence mechanism in an orthotopic diversion 
is the native urethral rhabdosphincter. Continent diversion 
may be further categorized into two types: (i) continent 
catheterizable diversion and; (ii) ureterosigmoidostomy. 
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It may be noted that the orthotopic or neobladder is truly 
work as a bladder and not a diversion because the patient 
passes his or her urine through normal urethral orifice. 

Patients with a continent catheterizable stoma have a 
one-way valve mechanism fashioned at the insertion site 
that leads into the urinary storage system. The mechanisms 
for continence of the efferent limb include a flap valve, 
nipple valve, pressure equilibration, or combinations of 
thereof. 

Numerous techniques have been developed for 
construction of bladder substitutes or continent urinary 
reservoirs to avoid the need for an external urine collection 
appliance. Such reservoirs or bladder substitutes are 
composed of two segments: (i) the reservoir itself and; (ii) 
the continence mechanism. 

Bladder substitutes need intact urethra and sphincter 
to provide outlet resistance and carry urine to the urethral 
meatus. In women orin men whose urethra can not be used 
an efferent continence mechanism can be constructed with 
the appendix or short segments of tapered, intussuscepted 
or reimplanted intestine (Mitrofanoff’s principle). In these 
cases a catheterizable stroma is constructed. The patient 
remains continent on above techniques. 

The bowel segments should be longitudinally opened 
and refashioned transversely (detubularized) to interrupt 
the normal high-pressure contractions of the intact 
intestine and due to its large radius it results is this result 
in a reservoir with a larger geometric capacity and lower 
pressure. Continent reservoirs and bladder substitutes 
may be made of small intestine, large intestine or a 
combination of both. Recently, there has been intense 
interest in bladder substitution and continent UD has the 
most common techniques and the general principles of 
continent diversion are reviewed."1617-4 


Choice of Reservoir 


There is generally no ideal segment of a bowel for a urinary 
reservoir. Sometimes circumstances dictate the choice, e.g. 
in a patient who have a radiotherapy for pelvic malignancy, 
the ileal, cecum and appendix may be damaged and the 
transverse colon may be the best choice.” ” 


Choice of Conduit 


An ideal conduit is a tube with adequate blood supply 
and it must be easily catheterizable. Wide tube must be 
intussuscepted to make a flutter valve (Kock). Narrow 
tube must be varied on the reservoir to make a tunnel 
(Mitrofanoff). Combination of these two principles 
can also be used, e.g. a wide tube such as ileum can be 
converted into a narrow tube suitable for burying. In the 


Box 136.2: Continence mechanism 


Indiana pouch the continence depends on ileocecal valve 
with some reinforcement of ileum. Of all narrow tubes 
vascularized appendix may be a logical choice for the 
conduit of continent diversion.'*'6'74 


Choice of Continence System 


Urethral sphincter is the ideal continent mechanism but 
incases of continent UD sphincter has to be constructed by 
either of the following principles (Box 136.2). 


Passive Sphincter 
Flatter Valve 


Kocks nipple valve is a classic example of passive sphincter 
which is created by intussusception of wide board tube. 
The use of this technique are nowadays less commonly 
done due to the fact that more attention is paid for the 
construction of orthotopic bladder. Benchekroun system, 
alength ofileum is intussuscepted, with the serosal surface 
turned inwards to form the catheterizable tract. 


Mitrofanoff’s Principles 


Mitrofanoff first described the use of the appendix as 
a continent vesicostomy for children with neuropathic 
bladder. His name is now given to the principle of burying 
a narrow tube within the wall of any reservoir. Itis generally 
held that narrow tubes such as the appendix must be made 
continent by burying in a tunnel. 


lleocecal Valve 


The Indiana pouch is based on the competence of the 
ileocecal valve with a detubularized reservoir. 


Artificial Sphincter 


As a last resort, the artifical urinary sphincter (AUS) may 
be considered to give continence to a reconstructed outlet. 
The cuff of an AUS is designed to encircle the normal 
urethra or bladder neck. Experimental evidence suggests 
that AUS cuffs can be placed safely around intestine 
providing the pressure is low. Artifical urinary sphincter 
with a cuff pressure of 71-80 cm H,O has been used 
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Fig. 136.11: Cutaneous continent urinary diversion refers to 
use of the gastrointestinal tract to create a new bladder, which is 
attached to the skin inside the body. This form of urinary diversion 
does not require the use of a collection appliance; however the 
patient is required to place a catheter or small plastic tube into 
their new bladder four to five times per day to empty the reservoir 


successfully around large bowel in three of four children 
with follow-up to 11 years. 


Ureterosigmoidostomy 


The first ureterosigmoidostomy was performed by Smith 
in 1878. Ascending infection from the rectum into the 
kidney is a major problem; the ureters were reimplanted 
into the colon in an antirefluxing fashion. Since 
ammonia may be absorbed across the bowel surface, 
patients with liver disease may be at an increased risk of 
hyperammonemic encephalopathy should not undergo 
this procedure. Patients who have primary disease of the 
colon or have received extensive pelvic irradiation should 
undergo alternative forms of diversion. Patient who 
can not hold 300 ml of enema for 2/3 hours alternative 
methods of diversion may be used. To reduce the risk of 
hypercholoremic acidosis the patient should be addressed 
to empty the bowel at short interval.?°™* 

One of the most important complications of uretero- 
sigmoidostomy is development of adenocarcinoma at 
the site where the ureters have been reimplanted into the 
large intestine. Experimental studies have shown that the 
development of adenocarcinoma seems dependent on the 
presence ofurine, feces, urothelium and colonic epithelium 
in close approximation, colonic bacteria and nitrosamine. 


Urinary Diversion 


All those who undergo ureterosigmoidostomy should be 
counseled to undergo yearly sigmoidoscopy. 


lleal Reservoirs 


Nils Kock described the Kocks pouch continent urinary 
reservoir fashioned entirely of small intestine in 1982. Sixty 
to seventy centimeters of ileum is selected for reservoir 
construction. The proximal and distal 15 cm segments are 
preserved for construction of nipple valves, allowing for 
antireflux ureteroileal anastomoses (inlet) and a continent, 
catheterizable abdominal stoma (outlet). The middle 
40 cmis opened along the antimesenteric border and folded 
into a U; the back wall is sutured together. The proximal 
and distal nipple valves are constructed by intussuscepting 
the bowel, stapling it in place and further securing it with 
a mesh anchoring collar. The reservoir is closed by folding 
of the middle segment. The ureters are anastomosed to the 
proximal nipple valve. The distal nipple valve is brought 
to the skin as a “flush’} catheterizable stoma. In men who 
have an intact urethra and external urinary sphincter, 
the distal nipple valve can be omitted and the reservoir 
attached directly to the urethra.'41517-4 


Colonic Reservoirs 


Various pushes and orthotopic bladder have been des- 
cribed using segments of the large intestine alone or 
combinations of large and small bowel segments. Bladder 
substitutes have been constructed using detubularized 
bowel segments from the ileocecal region or sigmoid colon. 
Use of the ascending colon and terminal ileum to construct 
continent urinary reservoirs has gained great popularity. 
Cecum and ascending colon are detubularized and 
refashioned or augmented with small intestine to provide 
for a spherical reservoir. The ureters are reimplanted in a 
nonrefluxing fashion. The reservoir can be anastomosed 
directly to the urethra. In women or in men who require 
a urethrectomy, a continent, catheterizable stoma can 
be fashioned with appendix or tapered terminal ileum 
(Figs 136.12 to 136.16). 


SELECTION OF TYPES OF URINARY DIVERSION 


The choice of UD include patient age, manual dexterity, 
body habitus, physical and mental status, renal function, 
prognosis of the primary disease, existing bowel pathology, 
prior radiation or chemotherapy, the presence of urethral 
disease, the expectations, preferences, and fears of the 
patient, the experience and preference of the surgeon, and 
cost. As there is no universal choice for the best method of 
UD, all options should be considered.'”"®8 
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Fig. 136.12: Use of the ascending colon and terminal ileum to 
construct continent urinary reservoirs has gained great popularity. 
Cecum and ascending colon are detubularized and refashioned or 
augmented with small intestine to provide for a spherical reservoir. 
The ureters are reimplanted in a non-refluxing fashion. The 
reservoir can be anastomosed directly to the urethra. In women 
or in men who require a urethrectomy, a continent, catheterizable 
stoma can be fashioned with appendix or tapered terminal ileum 


Fig. 136.13: Construction of the Indiana pouch using the cecum 
and ascending colon 


The indications for an external collecting device 
diversion (ileal conduit) are either absolute or relative. 
The absolute indications include impaired renal function, 
impaired physical ability to perform self-catheterization, 
and inability to understand the significance and possible 
complications of a continent diversion. Other relative 
indications include advanced age, need for postoperative 
chemotherapy, previous pelvic irradiation, bowel disease 
(Crohn’s disease, colitis and cancer), body habitus, 
diseased urethra, and impaired functional status. Finally, 
the choice of the patient is a key factor in selection.'*”°** 


Fig. 136.14: Stoma of Indiana pouch created in the umbilicus to 
offer better body image 


Fig. 136.16: Washing of the Indiana pouch for the prevention of 
complications of continent urinary diversion 
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Patients of bladder cancer in extreme age and spinal 
cord injuries associated with poor hand coordination are 
absolute contraindications for continent UD (including 
neobladder) because of the need for intermittent 
catheterization and the potential for catastrophic 
complications should these individuals fail to do so. 

The patients with a preoperative creatinine clearance 
of less than 60 mL/min should not undergo continent 
UD. Those with a prior history of high-dose radiotherapy 
to the abdomen and/or pelvis may have only cuetaneous 
ureterostomy.'9?0?8 


PREOPERATIVE PREPARATION AND CARE OF 
PATIENTS FOR URINARY DIVERSION/ORTHOTOPIC 
BLADDER 


Before the operation of the urinary tract reconstruction, it 
is mandatory to ensure that the patient has undergone a 
full mechanical and antibiotic bowel preparation. When 
large-bowel segments are to be used, an air-contrast 
barium enema is recommended to rule out significant 
diverticulosis or other conditions that may exclude large 
bowel for use in UD. 

In patients who received pelvic radiotherapy and going 
for a cystectomy because of intractable hematuria or cystis 
the only diversion is safe is uretero cutaneous UD. The 
use of bowel segments is not appropriate in this situation 
as the reconstruction and anastomosis may break down 
resulting fecal—urinary peritonitis leading to fatality. The 
bowel segment may be used in this situation, unless several 
years have passed since the patient received radiotherapy 
and the small-bowel segments appear grossly normal at 
the time of diversion. 

The patient should be given all possible options and 
this counseling program may be conducted with the family 
may be at several session by different members of the team 
particularly involving the stoma nurse. 

The surgery should be conducted in a high volume 
center for this work and no matter what type of diversion 
is planned; basic principles of abdominal surgery apply. 
Special care should be paid for bowel anastomosis. 
Universal use of extra mucosal interrupted suture with 4/0 
vicryl in single layer may produce a cent percent security. 
Sometimes altering the original plan and performing 
an alternative type of diversion secondary to individual 
patient anatomy is necessary and a necessary consent may 
be obtained from the patients.76!"4 

‘There are two types of ureteric anastomosis. Controversy 
exists regarding the choice. Wallace anastomosis allows 
for widely patent ureteral orifices, which are less likely to 
become obstructed but may allows for reflux of urine, which 
theoretically may predispose patients to long-term reflux 


nephropathy. Brickers anastomosis is involving a separate 
anastomosis of each ureter with the conduit. Safety margin 
is high with this technique and antirefluxing technique may 
also be employing. 

The detubularizing continent reservoirs and 
reconstructing them in a more spherical shape is of 
paramount importance and this allows for greater capacity 
and, most importantly, for reduced storage pressure. The 
short mesentery of the small gut, during the constructing 
the orthotopic bladder may produce a great difficulties. 
In such a situation, the surgeon may counter-incise the 
mesenteric peritoneum, mobilize the mesenteric pedicle 
to the root, and in extreme cases, reflex the operating table 
to decrease the distance between the pubic symphysis and 
the umbilicus. 

The stents or splintage of anastomosis by fixing 
feeding tubes are recommended to bridge the ureteral 
anastomosis. As a matter of security when a neobladder 
is constructed, urethral Foley catheter and suprapubic 
tubes are left in place. But when a continent catheterizable 
reservoir is constructed, a stenting catheter is left in place 
in the efferent limb and a suprapubic tube is placed 
through a separate portion of the reservoir and brought 
out through a stab incision in the skin. Similarly the 
noncontinent diversion is drained by ureteral stents only. 


Orthotopic Neobladders 


The orthotopic neobladders are constructed in the 
anatomic position and anastomosed to the native urethra. 
Voluntary micturation is achieved by increasing the 
abdominal pressure and relaxing the external sphincter. 
Orthotopic neobladders may be fashioned from ileum, 
ileocolonic tissue, or sigmoid colon. During the radical 
cystectomy, special attention must be given to protect the 
urethra, periurethral musculature, and external urethral 
sphincter (Figs 136.17 to 136.20). 

Approximately, 40-60 cm of vascularized ileum is 
isolated and is opened up atits antimesenteric border. Now 
the opened up gut segment is duplicated and folded on its 
long axis and thereby giving a spherical shape. By doing 
this the reservoir becomes large enough to accommodate 
about 500 mL of urine with a very low pressure. 

The complications of orthotopic bladder may include 
daytime incontinence (approximately 10% of patients), 
nocturnal incontinence (20-30%), hypercontinence 
requiring catheterization (approximately 20% in women), 
urinary retention (10%, due to obstruction caused by 
stricture, residual prostate tissue, disease recurrence, 
or mechanical kinking of the urethra or neobladder 
dysfunction), and rarely, ureterointestinal anastomotic 
stenosis or fistula formation (Figs 136.17 to 136.20).°"! 
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New bladder 
constructed 


Fig. 136.17: The orthotopic neo-bladders are constructed in 
the anatomic position and anastomosed to the native urethra. 
Voluntary micturation is achieved by increasing the abdominal 
pressure and relaxing the external sphincter. Orthotopic 
neo-bladders may be fashioned from ileum, ileocolonic tissue, or 
sigmoid colon. During the radical cystectomy, special attention 
must be given to protect the urethra, periurethral musculature, 
and external urethral sphincter 


Fig. 136.20: Orthotopic neo-bladder is anastomosed with urethra 


POSTOPERATIVE CARE OF URINARY DIVERSION/ 
ORTHOTOPIC BLADDER 


The postoperative care should be very carefully designed 
and left with the expert team. Timing of drainage 
tube removal varies according to individual practice. 
Urethral Foley catheter is left in place for 2-3 weeks in 
orthotopic bladder then the suprapubic tube is clamped. 
Now the patient is allowed to void. While testing the 
reservoir, an ultrasound scan is performed to measure 
the maximum cystometric capacity, post void residuals 
and an uroflowmetry [ultrasound cystodynomogram 
(USCD)] is performed to make a base line parameter for 
the micturation trial. At the third postoperative week, the 


suprapubic tube is removed. Typically, a cystogram is 
Fig. 136.18: Orthotopic bladder construction in progress performed at 6th week. 
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EARLY COMPLICATIONS OF URINARY DIVERSION/ 
ORTHOTOPIC BLADDER 


Early complications of UD/orthotopic bladder are best 
managed by consulting the surgeon who performed 
the diversion. The treatment may include intravenous 
hydration, laboratory studies, including metabolic profile, 
complete blood cell count, urinalysis and urine culture, if 
indicated. If a nasogastric tube is required should be given 
without any prejudice. 

The extramucosal interrupted single layer anastomosis 
with 4/0 or 5/0 vicryl gurantees the securities of the 
anastomosis. If a GI Stapling device is used, care should be 
taken to secure the anastomosis by additional sutures. 

During the postoperative period if the integrity of the 
ureteral-bowel anastomosis is suggested to have been 
compromised, consider performing further imaging 
studies using ultrasonography, IVU or nuclear renal scan. 
When in doubt, it is always safer to explore the abdomen. If 
the situation is the entire anastomosis-bearing segment is 
kept out side the abdominal wall to function as ileostomy. In 
the next few week time the ileostomy can be closed and the 
anastomosis bearing segment returned to the abdomen. 

A catastrophic complication of continent diversion is 
reservoir rupture and bacterial peritonitis and if it goes 
undiagnosed and untreated, the outcome can be fatal. 
When aruptured reservoir is diagnosed, administer broad- 
spectrum intravenous antibiotics and urgent exploration 
and repair. A particular attention must be given to patients 
with continent diversion after prior pelvic irradiation 
because these patients are at a high-risk for reservoir 
rupture. Sometimes confident repair may not be possible 
then the continent diversion can be converted into an 
incontinent diversion.” 


LATE COMPLICATIONS OF URINARY DIVERSION/ 
ORTHOTOPIC BLADDER 


The urinary obstruction is best treated in the short-term with 
percutaneous drainage. The electrolyte abnormalities are 
best treated in the short-term with intravenous hydration 
and acidosis correction. Patient should receive lifelong 
supplementation with oral potassium and/or sodium citrate. 


Metabolic and Nutritional Complications 


When ileum or colonic segments are used, sodium and 
chloride are absorbed across the bowel surface. Chloride 
is absorbed in slight excess of sodium, resulting in a net 
loss of bicarbonate into the bowel lumen. Pre-existing 
renal failure contributes to the development and severity 
of the disorder, as does a large bowel surface area and long 


contact time. Hyperchloremic acidosis is more common 
in patients who underwent ureterosigmoidostomy than 
in patients who underwent simple conduit construction 
using either the ileum or the colon, because of the larger 
surface area and longer contact time with urine associated 
with ureterosigmoidostomies. Hyperchloremic metabolic 
acidosis may manifest clinically as weakness, anorexia, 
vomiting, Kussmaul breathing and coma. Long-term 
complication of chronic acidosis may be associated with 
decreased bone calcium content and osteomalacia. 

With gastric segments incorporated into the urinary 
tract may loose both hydrogen and chloride, they are at risk 
of dehydration and alkalosis if they suffer either diarrhea or 
vomiting. The resulting hyponatremic metabolic alkalosis 
requires treatment with intravenous salt replacement.” 


Metabolic Complications (Hyperchloremic Acidosis) 


Chloride is absorbed in excess resulting loss of bicarbonate 
leading to hyperchloremic acidosis (more seen in 
Ureterosig). Altered bile salt metabolism in ileal resection 
leads to malabsorption, differences of vitamin A and D, 
steatorrhea, cholelithiasis. Vitamin B,, (Vit B,,) deficiency 
leads to megaloblastic anemia and peripheral neuropathy. 

Bile salts are important for fat digestion and uptake 
of vitamins A and D. Bile salt metabolism may be altered 
after ileal resection. Resection of small segments of the 
ileum may be associated with mild malabsorption and 
steatorrhea owing to increased concentrations of bile 
salts delivered to the colon. The increased concentration 
of such salts leads to decreased colonic absorption of 
water and electrolytes. Resection of large segments of 
ileum may reduce bile salt reabsorption to very low 
levels, leading to severe fat malabsorption. Bowel transit 
time may be reduced further by resection of the ileocecal 
valve. Cholestyramine may be used to treat secretory bile 
salt diarrhea. If diarrhea persists, addition of agents such 
as loperamide that decrease bowel motility and increase 
transit time may be effective. Cholelithiasis may be more 
common after ileal resection as well.”°-° 

Vitamin B,, deficiency may occur as a result of either 
gastric or ileal resection. Since Vit B,, stores are likely to 
last for years, Vit B,, deficiency may not become apparent 
for several years after intestinal surgery. Vitamin B,, 
deficiency results in megaloblastic anemia and peripheral 
nerve paresthesias. 

Prolonged contact of the urine with the intestinal 
surface facilitates the exchange of chloride for bicarbonate. 
Bicarbonate loss results in systemic acidosis and 
hypercalciuria. The combination of hypercalciuria and 
alkaline urine predisposes a patient to the development 
of calcium calculi. In addition, the terminal ileum is 
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responsible for bile salt absorption; if the portion of 
the intestine is used for conduit or bladder reservoir 
construction, excess bile salts in the intestine may bind 
calcium and result in increased absorption of oxalate, 
which may lead to the development of oxalate-containing 
calculi. Excess conduit length, urine stasis and dehydration 
make the development of calculi more likely. 


Vitamin B,, Deficiency 


Liver is the major site of Vit B,, storage, and most stores 
can last approximately 3 years without replacement and 
cannot be synthesized by humans. The terminal ileum is 
the exclusive site of Vit B,, absorption in humans. More 
than 50 cm of resection appears to be the critical length 
at which abnormal B,, absorption may be expected. The 
patients in whom more than 50 cm ileum is resected are 
at increased risk for vitamin B,, deficiency, which usually 
does not become clinically apparent for at least two years. 


w 


Fig. 136.21 Prolapsed stoma 


Fig. 136.22 Retracted stoma 


Fig. 136.23 Para-stomal hernia 


Stoma Complications 


Stoma complications include stenosis, parastomal hernia 
formation and various skin irritations or fungal infections. 
The likelihood of stomal stenosis increases with time. 
Stomal stenosis can lead to conduit elongation and upper 
tract obstruction. It is corrected by revision of the stoma 
(Figs 136.21 to 136.23). ” 


Pyelonephritis and Renal Deterioration 


About 10% of patients who have undergone UD suffer 
from UTI. Treatment is based on a properly collected urine 
sample for culture. If infection has occurred in a patient 
with a simple conduit, the volume of residual urine within 
the conduit should be recorded. Obstruction and stasis of 
urine within the reconstructed urinary tract are risk factors 
for the development of infection. 

Although many patients with pre-existing dilation of 
the upper urinary tract show improvement or resolution of 
the dilation after UD or bladder substitution, progressive 
renal deterioration as manifested by hydronephrosis of 
deterioration in glomerular filtration rate (or both) occurs 
in a certain percentage of patients who undergo these 
procedures. The incidence of either complication increases 
after 10 years. Recurrent upper UTI and high pressure 
ureteral reflux and obstruction usually in combination, 
contribute to the likelihood of renal deterioration.”>**! 


Chapter 136 Urinary Diversion 


Calculi 


Calculi occur in approximately 8% of patients who 
undergo UD or bladder substitution. Such patients have 
several risk factors for the development of various calculi. 
Nonabsorbable staples, mesh or suture material used to 
construct conduits or reservoirs may act as a nidus for 
stone formation. Certain bacteria can contribute to stone 
formation; some bacteria commonly found in the urinary 
tract, including Proteus, Klebsiella and Pseudomonas 
species, produce urease, a urea-splitting enzyme that 
contributes to the formation of ammonia and carbon 
dioxide. Hydrolysis of these products results in an alkaline 
urine supersaturated with magnesium ammonium 
phosphate, phosphate and carbonate appetite crystals. 
Management of such infection related stones requires 
stone removal, resolution of infection and often use of an 
adjunctive agents to complete stone dissolution. 


Rupture of Reservoir 


Most devastating complications is rupture of the reservoir 
and the condition is a surgical emergency that requires 
exploration, repair or an reconstruction into a form of safe 
incontinent type of diversion.*°°* 


Other Complications 


e Secretory and/or osmotic diarrhea 

e Stomal stenosis, dermatitis, prolapse, retraction and 
parastomal hernias (incidence, 15-40%) 

e ‘The poor drainage of conduit or reservoir 

e Stones in the urinary tract 

e Urinary infection 

e Adenocarcinoma, urosepsis, ureteral stenosis, and/or 
hydronephrosis in ureterosigmoidostomy. 


OUTCOME AND PROGNOSIS OF URINARY 
DIVERSION/ORTHOTOPIC BLADDER 


Although the safest UD is ileal conduit but the continent 
reservoirs as the primary means of diversion has gained 
popularity since the techniques have become more 
refined. The patients receiving continent diversion 
instead of noncontinent stomas perceive themselves 
as having a better body image and an improved quality 
of life. Recent reports do not demonstrate any adverse 
effects on prognosis or long-term survival for patients 
with continent versus noncontinent diversion. The cost 
of the imported urostomy bags is a major concern of 


the patients with ileal conduit particularly in developing 
countries. The reoperation rate in continent diversion 
is high due to the stoma complications. When properly 
performed, either form of diversion can allow virtually 
equivalent outcomes and good prognosis in properly 
selected patients.*>”’ 


FUTURE OF URINARY DIVERSION/ORTHOTOPIC 
BLADDER 


The cellular matrix grafts will be used as a substitute 
for abnormal tissue and/or to completely replace the 
abnormal bladder or urethra. In female radical cystectomy 
and female sexual dysfunction will become a bigger issue, 
and more attention will be paid to vaginal-sparing and 
nerve-sparing cystectomy. The orthotopic diversion in 
females is gaining greater acceptance and now has fewer 
contraindications with regard to bladder replacement 
after cystectomy for malignancy.” 
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Incidence of urinary fistula is as old as mankind. In Western 
world, urinary fistulas are largely iatrogenic in etiology. 
On the other hand in developing world the urinary fistula 
is due to diseases and obstetric ischemic injuries. Other 
causes include direct invasion by malignancy, radiation 
therapy, trauma, pelvic inflammatory conditions, 
infections, granulomatous disease, the presence of foreign 
bodies and traumatic delivery. 

Regardless of the type or location of fistula, the 
approach to repair should specifically address (1) the 
extent, number and location of the fistula(s) and; (2) the 
most likely etiology, excluding complicating cofactors such 
as foreign body, malignancy, inflammatory or infectious 
conditions and distal obstruction. Regardless of the type of 
fistula, most patients can be successfully managed without 
permanent diversion. 

The principles of closure of urinary fistula include 
appropriate urinary and fecal diversion. Well- 
vascularized, healthy tissue should be utilized for repair, 
and closure should be accomplished without tension 
and without overlapping suture lines. Infection should 
be treated adequately before repair. If possible, well- 
vascularized, noninvolved tissues should be interposed 
between the suture lines to provide an additional buttress. 
The operative area should be adequately drained after 
anatomic reconstruction has been performed.'* 


VESICOVAGINAL FISTULA (FIG. 137.1) 


Etiology 


In medically underdeveloped countries obstetric trauma 
remains the leading cause of vesicovaginal fistulas (VVFs). 
In these areas the common etiologic factors are obstructed 
labor which causes ischemic injury of bladder wall and 


Urinary Fistula 


anterior vaginal wall. In countries of Asia and Africa more 
advanced obstetric care, the incidence of childbirth- 
related VVFs has declined significantly. 

In developed countries the most common cause of 
VVF remains iatrogenic injury during gynecologic surgery, 
usually hysterectomy. The pathophysiology of VVF is 
thought to be secondary to avascular necrosis of the bladder 
from suture placement and erosion into the vaginal cuff. A 
fistula may also follow an uncomplicated operation as the 
result of a pelvic hematoma that ruptures into the bladder 
during the postoperative period. Additional mechanisms 
of iatrogenic fistula include crushing, ligating, cutting or 
devascularizing the bladder and vaginal cuff with surgical 
instruments.” * 


Fig. 137.1: Vesicovaginal fistula 
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Causes of Vesicovaginal Fistulas 


Congenital (Rare) 


e Inflammatory 

— Infection such as tuberculosis and schistosomiasis 
e Foreign body in bladder or vagina 
e Trauma 

— Obstetric trauma 

— Pelvic surgery 

— Abdominal hysterectomy 

— Vaginal surgery 

— Urologic procedures 

— Prolonged labor 

— High forceps delivery 

— Cesarean section 

— Direct injury. 


Neoplastic 


Carcinoma of cervix, bladder, vagina, etc. 


Radiation Induced 
Miscellaneous 


Endometriosis. 


Clinical Features 


The most common presenting symptom of VVF is 
continuous leakage of urine from the vagina. Incontinence 
developing from operative trauma usually occurs 5-14 
days postoperatively. 


Investigations for Urinary Vaginal Fistula 


e Urine analysis 

e Urine culture 

e High vaginal swab 

e Intravenous urogram 

e Dye test 

e Retrograde ureteropyelogram 

e Cystoscopy and vaginoscopy 

e Computed tomography (CT) scan in fistulas—due to 
malignant disease. 


Diagnosis of Vesicovaginal Fistulas 


In most patients the diagnosis is obvious. However, a 
complete urologic investigation is mandatory, especially 


to rule out ureterovaginal fistula. This investigation should 
include a urine analysis, urine culture, and intravenous 
urogram. Other tests such as aretrograde ureteropyelogram 
can be performed as necessary. 


CYSTOSCOPY AND VAGINOSCOPY 


All patients with fistulas should undergo cystoscopy and 
vaginoscopy. Every attempt should be made to determine 
the exact location (in relation to ureteric orifices), size 
and underlying cause of the fistula. Successful repair 
depends on identification of these factors. A diligent 
search should be made for additional communications, 
since many treatment failures have occurred because 
less obvious small fistulas were over looked. In addition, 
a careful examination should be done with the patient 
anesthetized and a biopsy sample should be obtained 
from any suspicious lesion to rule out malignancy. In cases 
with a positive biopsy for carcinoma in the fistula tract, it 
is recommended pelvic exenteration or palliative urinary 
diversion rather than fistula repair. 


Swab Test 


In equivocal cases a simple test can be performed at 
the bedside. The vagina is packed with four sterile, wet 
gauze pads- one in the left and one in the right vaginal 
fornix, one at the mid-vaginal level, and one at the vaginal 
outlet. The bladder is filled with a 1% carmine solution 
(red) and 5 minutes later 5 ml of indigo carmine (blue) 
is injected intravenously. The swabs are removed 10 
minutes later after the injection. A red stain (carmine) 
in the mid-vaginal pack indicates a VVF, a blue stain on 
the upper swabs placed in the vaginal fornices indicates 
ureterovaginal fistula and a red stain in the swab at 
the vaginal outlet indicates leakage through the 
urethra. Sometimes the findings can be misleading. The 
amount of indigo carmine excreted depends on renal 
function. 


Double-Dye Test 


Recently a simplified double-dye test has been used to 
diagnose various types of vaginal fistulas. Phenazopyridine 
(Pyridium) is given by mouth to color the urine orange and 
one hour later, 3 cotton balls are inserted into the vagina, 
and methylene blue solution is instilled into the bladder. 
The patient should then walk around, after which the 
cotton balls are examined. If the proximal cotton ball is 
wet or stained orange, the fistula is ureterovaginal. If the 
deep cotton ball contains blue fluid, the diagnosis is VVE. If 
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only the distal cotton ball is blue, the patient probably has 
urinary incontinence. 


Differential Diagnosis of Urinary Vaginal Fistulas 


e Vesicovaginal fistula 
e Ureterovaginal fistula 
e Severe stress or urge incontinence. 
A small fistula may close with catheter drainage alone 
or after electrocoagulation and catheter drainage. 


Timing of Repair of Vesicovaginal Fistula 


Controversy remains over the timing of repair. Most 
surgeons agree that there should be a waiting period of 
at least 3-4 months before surgical repair is performed. 
Traumatic fistulas can be repaired immediately as it is 
detected. After 10 days of surgery, the tissue becomes too 
soft and fragile for reconstruction. After about 12 weeks 
the tissue becomes suitable for reconstruction. As such 
the traumatic fistula be repaired within a week of injury 
or best be repaired after 12 weeks or more. In malignant 
disease the fistulas are best treated by radical surgery like 
anterior exenteration of pelvic organs with cotenant or 
incontinent urinary diversion. The postradiation fistulas 
presents a special problem. Due to radiation injury the 
smaller blood vessels becomes injured and induces end 
arteritis obliterence of the arterioles resulting significant 
ischemia of the radiation field area. The healing of 
this ischemic tissue is relatively poor and a urinary 
reconstruction may break up due to poor healing. For 
these reason the radiation induced fistula may be deferred 
few months. However an ureterocutaneous anastomosis 
like urinary diversion bay be performed with out any 
risk.** 


Timing of Vesicovaginal Fistula Repair 


e Iatrogenic injury—immediate 

e Obstetric fistula—12 weeks 

e Malignant fistula—early exenteration 

e Radiation fistula—long waiting period preferred. 
Recently, there have been other advocates for early 

repair but this early aggressive treatment has not received 

wide acceptance. The failure rate for repair of the fistula 

will be higher if the tissue is acutely inflamed, edematous, 

ischemic or necrotic. Some fistulas recognized in the 

immediate postoperative period or after trauma with 

minimum inflammatory changes are the appropriate 

cases for early repair. In cases of radiation induced fistulas, 

the waiting period should probably be longer. 


PRINCIPLE OF OPERATIVE MANAGEMENT 


A VVF can be repaired through a vaginal, abdominal, 
or combined approach. The vaginal approach is used 
frequently, and a success rate close of 90% is achieved 
with this technique. Compared with the abdominal 
approach, the vaginal repair of a fistula is a less extensive 
procedure, avoids a cystostomy, is associated with less 
blood loss, results in less discomfort and disability to the 
patient, and requires a shorter hospital stay. However, 
the abdominal approach often provides better access to 
the fistula. Improved exposure decreases the likelihood 
of ureteral injury. If necessary, an omental pedicle graft 
can be interposed between the bladder and vaginal wall. 
Complex fistulas, radiation induced fistulas, and fistulas 
close to the ureteral orifices are best approached through 
the lower abdomen. A combined vaginal and abdominal 
approach can also be helpful in none different cases.* 


Principles of Repair of Vesicovaginal Fistula 


Wide mobilization of tissues: 

e Tension free repair 

e Interposition of soft tissues 

e Rest of bladder by continued drainage for 2 weeks 
e Anticholinergic drugs. 

Using a vaginal or abdominal approach to an individual 
fistula depends on the findings and the surgeon, but the 
principles of repair are the same. Success is determined 
by a watertight, multilayered closure without tension and 
without overlapping suture lines. Maintenance of blood 
supply, removal of all necrotic tissue, identification and 
separation of surgical planes (vaginal wall and bladder 
wall), obliteration of dead space, good bladder drainage, 
control of infection and interposition of healthy tissue 
when appropriate are important technical considerations. 
The best chance of closure of the fistula is the first chance 
(Fig. 137.2). 


Postoperative Care 


The vaginal pack is removed after 24 hours. The patient 
is encouraged to be ambulatory as early as possible to 
minimize thromboembolic complications, which have 
been reported in most large series. Antimicrobial is used 
intraoperatively and postoperatively until all tubes are 
removed. Unobstructed vesical drainage is mandatory 
for success. Anticholinergics like tolterodine, solifenacin 
or darifenacin and sedation frequently used to reduce 
bladder spasms. Two weeks after operation the urethral 
catheter is removed after a cystogram, if confirms verifies 
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Fig. 137.2: Technique of repair of vesicovaginal fistula involves 
the excision of the fistula track, wide mobilization of the bladder 
and other soft tissue in layers so that it can be approximated 
without tension preferably in three different layers with or without 
soft tissue interposition 


that there is no extravasation. It is recommended that 
the patient abstain from sexual intercourse for at least 12 
weeks postoperatively (Fig. 137.3).'° 


URETHROVAGINAL FISTULA 


Etiology 


Urethrovaginal fistula is an uncommon condition that 
usually results as a complication of such operative 
procedures as urethral diverticulectomy, anterior 
colporrhaphy, transurethral resection of the bladder neck, 
or trauma. In these cases the most common causes are 
interference with blood supply leading to tissue slough or 
nonhealing secondary to infection. In medically deprived 
countries, obstetric trauma secondary to obstructed labor 
with pressure necrosis of the anterior vaginal wall is by far 
the most common cause of urethral destruction. A fistula 
may result after trauma, especially with pelvic fractures 
and urethrovaginal lacerations. In addition, vaginal and 
urethral neoplasms treated with radiotherapy may undergo 
necrosis and create a fistula. Pressure necrosis can also 
occur with a prolonged indwelling urethral catheter." 


Fig. 137.3: An operation on a vesicovaginal fistula, an oil painting by Nicolas Henri Jacob. (Source: Internet) 
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Clinical Features 


Fistulas involving the bladder neck and proximal 2 cm of 
the urethra may produce continuous incontinence, 
whereas a fistula distal to the external sphincter may be 
entirely asymptomatic. A distal fistula may also create a 
spraying-type split stream. Usually, bothersome urine will 
drain via the vagina, especially when the patient stands. 
Twenty to forty percent of patients will have associated 
stress incontinence. Generally, the defect is obvious on 
examination, but occasionally it may be hidden by the 
rough, irregular vaginal surface. 


Diagnosis 


The differential diagnosis includes VVF, ureterovaginal 
fistula, severe stress or urgency incontinence and a copious 
vaginal discharge. A complete urologic investigation with 
cystourethroscopy and vaginoscopy will reveal the type and 
size of the defect. In selected patients, urodynamic studies, 
urethral pressure profile, voiding cystourethrogram and 
Bonney test may provide additional useful information. 


Management 


Anefficientbladderneckmechanismiscriticalinfemalesto 
maintain continence. Studies have shown thatthe proximal 
2 cm of bladder neck and urethra represents the 
continence zone. The fistula may compromise the urethral 
closure mechanism, causing the patient to experience 
stress incontinence in addition to the difficulties from the 
fistula. 

The principles of management are similar to those of 
VVF. Treatment depends on symptoms, cause, size and 
location of the fistula, as well as other local factors. If stress 
incontinence is noted, the evaluation should include 
an assessment for urethral hypermobility, scarring and 
fixation. If atrophic tissue is present in the vagina, estrogen 
replacement may be of benefit provided there are no 
medical contraindications. 

In cases of bladder neck destruction, the Young-Dees- 
Leadbetter repair may be useful in reconstruction. In the 
small fistula the Martius procedure, utilizing the fibro- 
fatty labial tissue, may suffice. This tissue is mobilized on 
a pedicle, preserving its vascular supply on its posterior 
aspect and is passed through a subcutaneous tunnel 
into the vaginal lumen, where it is sutured over the 
repaired urethra. If stress incontinence is associated with 
urethrovaginal fistula, a simultaneous needle suspension 
can be performed once the fistula repair has been 
completed. 


URETEROVAGINAL FISTULA 


Etiology 


The ureter is especially susceptible to injury during 
vascular, gynecologic, urologic and colonic operations. 
Gynecologic surgery remains the most common 
cause of ureterovaginal or ureterocutaneous fistulas. 
Total abdominal hysterectomy is the most common 
operation responsible for ureteral injury. Injuries are 
more common if the patient has received preoperative 
radiation. Postoperative radiotherapy does not appear to 
be associated with an increased incidence of stricture or 
fistula formation. 


Clinical Features 


In the postoperative period a ureteral injury is suggested 
by the presence of unexplained abdominal pain, flank 
tenderness, abdominal mass or fever. Subsequent urinary 
drainage occurs days or weeks after the injury and is often 
detected as copious drainage through a postoperative drain 
site. The patient usually voids normally but continuous 
urinary leakage from the vagina as might be seen in a small 
VVF may also be present. 


Diagnosis 


An intravenous urogram will demonstrate some degree 
of ureteral obstruction in most cases. Retrograde 
pyelography will usually delineate the nature and extent 
of the injury. Ureteral catheterization will usually reveal 
obstruction. In equivocal cases a dye test can be helpful 
and is quite sensitive. Meticulous cystourethroscopy and 
careful inspection of the vagina are mandatory because an 
ectopic orifice can be missed. 


Management 


Primary goals include renal preservation and prevention 
of urosepsis. In selected patients, a conservative approach 
using a ureteral stent and a percutaneous nephrostomy 
(PCN) will allow the ureter to heal if done in a timely 
fashion. This endourologic management is recommended 
particularly ifthe injuries are recent and if some continuity 
of the ureteral wall remains. The patient should be followed 
up carefully for possibilities of stricture of lower end of 
ureteric complication. 

A psoas hitch ureteral reimplantation or Boari flap has 
been successful for us in these cases. The patient should be 
follow-up carefully to look for any vesicoureteric reflux. 
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Management of Ureterovaginal Fistula 


e Ureteral stent 

e Percutaneous nephrostomy 

e Open operative reconstruction 

e Psoas hitch ureteric reimplantation 
e Boari flap ureteric reimplantation. 


PROSTATIC FISTULA 


Etiology 


A rectourethral or prostatic fistula may be congenital or 
acquired. The congenital fistula is uncommon and usually 
occurs in boys in association with congenital anorectal 
anomalies. 


Causes of Rectourethral Fistula/Prostatorectal 
Fistula 


Congenital 


e Iatrogenic Injuries 
— Prostatectomy 
— Transurethral resection of prostate 
— Urethral dilation 
— Anorectal surgery 
— Direct trauma, especially associated with fracture 
pelvis, Inflammatory, fall on sharp object 
— Prostatic abscess. 


Tuberculosis 


Crohn’s disease of colon. 


Neoplastic 

e Prostate 
e Urethra 
e Rectum 


The acquired fistula is usually occur as a complication 
of suprapubic prostatectomy, retropubic prostatectomy, 
radical retropubic prostatectomy, radiation therapy of 
the prostate, or overzealous transurethral resection of the 
prostate. Rarely, a prostatic abscess may rupture into the 
rectum. A rectourethral fistula has also been described in 
association with Crohn’s disease. Direct trauma also may 
result in rectourethral fistula, especially in association with 
a fractured pelvis or fall on sharp object. Radiotherapy in 
pelvis may cause from radiation therapy. 


Clinical Features and Diagnosis 


A rectourethral fistula may be strongly suspected from 
the patient’s history. The patient may have pneumaturia 
or fecaluria with leakage of urine from the rectum during 
micturition. Urinary drainage via the rectum may lead to 
diarrhea. Urinary tract infections and epididymitis are 
common as are urethral stricture and perineal fistula. 


Principles of Fistula Closure 


e Adequate urinary and fecal diversion 
e Maintenance of infection-free environment 
e Adequate drainage 
e Wide mobilization 
e Tension free repair 
e Interposition of soft tissue 

The diagnosis can usually be made by careful inspection 
of the rectum. Occasionally, the opening can be palpated or 
visualized directly by proctoscopy. A biopsy is performed 
when necessary to rule out carcinoma. The fistula is also 
usually visible on careful cystourethroscopy. Radiographic 
studies of the bowel and colonoscopy can be performed to 
verify that there is no additional colonic disease. 


Management 


The variety of methods recommended for the treatment of 
rectourethral fistulas. A proximal colostomy reduces the 
risk of failure. 


Surgical Techniques 


Basically, urethrorectal fistula may be closed from 
transrectal, perineal, posterior or abdominal approach. 


TRANSRECTAL REPAIR 


In 1949, Vose described a simple technique for closure 
of urethrorectal fistulas with the transanal approach. The 
patient is placed in the lithotomy position. After dilation 
of the anal sphincter, an anal speculum is placed to expose 
the defect. The anal sphincter can be increased to have 
adequate exposure of fistula. The anal sphincter heals 
primarily leaving no residual defect. 


Posterior Approach 


In 1962, Kilpatrick and Thompson described six patients 
in whom a successful rectourethral repair was performed 
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utilizing the posterior Kraske approach. The Kraske 
approach involves excision of the coccyx and has been 
clearly described by Wiseman and Decter (1982). York- 
Mason successfully repaired fistulas in four patients with 
the posterior trans-sphincteric approach with no residual 
incontinence. Beneventi and Cassebaum (1971) modified 
this technique with a rectal flap, thus avoiding neurologic 
and vascular structures. 


VESICOENTERIC FISTULAS 


The four categories of vesicoenteric fistula: colovesical, 
rectovesical, ileovesical and appendico-vesical are 
grouped together because of the similarities in clinical 
features and management. 


Etiology 


An abnormal communication between the bowel 
and bladder was first described in the second century 
diverticulitis; malignancy, Crohn’s disease and trauma 
are the commonest cases. A colovesical fistula is the most 
common form of vesicointestinal fistula and is most often 
associated with diverticular disease of the colon but can 
result from colorectal carcinoma. 


Congenital (Rare) 


e Inflammatory 

— Diverticular disease 

— Crohn’s disease 

— Tuberculous ileitis 

— Fungal and parasitic disease of colon 
e Neoplastic 

— Adenocarcinoma of colon and rectum 

— Carcinoma of cervix 

— Carcinoma of bladder 

— Carcinoma of prostate 

— Radiation enteritis 

— Lymphoma 
e Trauma 

— Gunshot wounds 

— Pelvic fractures with bony spicules 

— Penetrating injuries 

— Iatrogenic 

— Foreign bodies in bowel such as fish and chicken 

bones. 

Pneumaturia and fecaluria may be intermittent 
and must be carefully sought in the history. Fecaluria is 
pathognomonic of a fistula and occurs in approximately 
40% of cases. Symptoms of the underlying disease causing 


the fistula may be present, but in about one-third of 
patients no symptoms referable to the underlying bowel 
disease are noted at the time of diagnosis of the fistula. 
Abdominal pain is most frequent in patients with Crohn’s 
disease (50%). These patients are also more likely to have 
abdominal tenderness or mass. 


Diagnosis 


A high index of suspicion is essential for making a diagnosis 
of vesicoenteric fistula. Enterovesical fistula is thus a 
clinical diagnosis, and preoperative studies should be used 
to delineate the bowel disease and search for malignancy. 
Cystoscopy remains the most reliable diagnostic test. The 
presence of a localized area of edema and congestion is a 
typical finding in the early stage ofa fistula. 

Cystography is the most useful radiologic examination. 
The “herald” sign, seen best in oblique views, is a 
crescentic defect on the upper margin of the bladder 
and represents a perivesical abscess. A “beehive on the 
bladder” radiographic configuration may be noted. 

Barium enema, flexible sigmoidoscopy, and colono- 
scopy rarely reveal the fistula but are useful in delineating 
diverticular disease from colorectal carcinoma. Barium 
detected in the urine sediment can confirm the presence 
of a fistula. Computed tomography scan can often reveal 
abnormalities that suggest fistula and can show associated 
abscesses and tumor masses.!*° 


Management 


A thorough and accurate preoperative evaluation helps in 
planning the treatment. Both single-stage and multistage 
procedures have been utilized in the management of these 
patents, depending on the underlying disease process and 
general condition of the patient. A single-stage procedure 
may be inappropriate in the presence of extensive 
inflammation, abscess, multiple organ involvement, 
postradiation changes or poor-risk patients.” 

In the absence of malignancy simple closure of the 
bladder is usually adequate. Whenever possible, omentum 
is interposed between intestinal and bladder suture lines. A 
urethral catheter is left in situ for 2 weeks. A cystogram is 
usually performed to verify that the bladder is intact before 
the catheter is removed. In poor-risk patients and in patients 
with cancer or complex fistulas a diverting colostomy affords 
some palliation. A partial cystectomy may be necessary if a 
colonic carcinoma is present. If a fistula has developed in 
this setting an attempt may be made to resect all carcinoma, 
but the prognosis is often poor.” 
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Recurrence of Fistula after Repair 


Multivariate analysis of women who underwent VVF 
repair demonstrated that recurrence was associated with 
multiple fistulas, size, etiology of the fistula and presence of 
urinary tract infection before the repair. Risk of recurrence 
was five-fold higher for size greater than 10 mm, 4.5 times 
higher for multiple fistulas and threefold higher for those 
related to obstetric causes, threefold higher. Interposition 
grafts were protective.” 


RENAL AND UPPER URINARY TRACT FISTULAS 


Abnormal communications between the upper urinary 
collecting system and adjacent organs or body surfaces 
are not common. These fistulas include nephrobronchial 
nephrocutaneous, nephroenteric, pyeloenteric and 
ureteroenteric. 


Etiology 


A tuberculous etiology was the most common cause of 
renal fistula. Now the iatrogenic (percutaneous surgery) 
and trauma are becoming more common causes. 
Nephroenteric fistulas originating in the renal pelvis are 
the most common type and involve the left or right colon 
and duodenum. 

Chronic inflammatory or infectious disease 
accompanied by distal stones and obstruction is the most 
common cause of spontaneous nephrocutaneous fistulas. 
Xanthogranulomatous disease and actinomycosis are the 
most common etiologies and tuberculosis is of historical 
interest. Kidneys involved in such fistulas are generally 
associated with calculus disease, pyonephrosis, perirenal 
abscess, and nonfunction. 


Clinical Presentation 


Symptoms of nephroenteric fistula vary from marked 
gastrointestinal complaints (nausea, vomiting and 
diarrhea) to recurrent urinary tract infections with 
flank pain and fever depending upon the location and 
underlying etiology. Spontaneous drainage of urine from 
the flank is the classic sign of nephrocutaneous fistula. 


Diagnosis 


Radiographic studies may not be helpful in making the 
diagnosis. Barium enema and intravenous urogram 
(IVU) are reasonable; however, an IVU is likely to be 
uninformative because approximately most of fistulas 


are associated with a nonfunctioning kidney. A CT 
scan is helpful in the diagnosis of related renal and GI 
inflammation or malignancy. Retrograde ureterography is 
generally needed to illustrate this fistula. 


Management 


Iatrogenic or traumatic fistula associated with reasonable 
renal function may be treated conservatively with ureteral 
stenting and/or PCN. Success has been reported in 90% of 
a selected group of patients. The standard treatment for 
renal units that are diseased is nephrectomy with removal 
of the fistula tract and bowel resection. Attempts to 
conserve the kidney when stones and abscess are present 
leads to persistent morbidity and no improvement in renal 
function. 


FISTULA OF URINARY DIVERSION 


Etiology 


Ureterointestinal leakage may occur as an early or late 
complication of this surgery. Most fistulas occur within the 
first 7-10 days postoperatively, with a reported incidence 
of 2-9%. These are considered to be secondary to technical 
error. Later occurring fistulas may be related to subsequent 
necrosis at the anastomosis. Mortality rates from this 
complication range from 5-50%. 


Clinical Features 


In diversion one should suspect fistula when there is 
increase in drainage output with a corresponding decrease 
in conduit efflux. Classically, such patients will develop an 
elevated blood urea and creatinine, signs of sepsis, bowel 
obstruction and urine drainage via the incision. Diagnosis 
is generally made by the combination of loopogram, 
intravenous pyelogram (IVP) and markedly increased urea 
or creatinine levels in the drainage fluid. 


Management 


If a minor leakage occurs early, it can be safely observed 
2-3 days provided drainage has been established and 
there are no signs of sepsis. Spontaneous closures have 
been reported in 20-60% of patients. Percutaneous 
nephrostomy and ureteral stenting across the anastomosis 
can be used to aid closure of the fistula. If conservative 
therapy fails to cure the fistula, one should consider 
revision of the ureterointestinal anastomosis with careful 
attention to the vascular integrity of the ureter. The ureters 
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can be re-anastomosed at a different site in the conduit 
using a Bricker technique. The use of ureteral stents and 
external drainage is encouraged. 

Late occurring fistulas are treated similarly, with 
external drainage, proximal urinary diversion with 
nephrostomy tubes, ample nutritional support and exact 
localization of the leakage site. Definitive surgical options 
include a transverse colon conduit or the addition of a 
segment of ileum (in series) with the existing conduit. The 
use of a transverse colon conduit is encouraged in the face 
of pelvic abscess, extensive loss of ureteral length, previous 
pelvic irradiation or previous ideal conduit repair.!°""**8 
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The main functions of the kidney are excretion of waste 
products, maintenance of fluid, acid-base and electrolyte 
balance and the production of hormones. The functional 
unit of the kidney is the nephron. 

About 20-25% of the cardiac output passes through 
the kidneys each minute, resulting in a renal blood flow 
of 300-400 mL/100 g of kidney tissue/min (650 mL/min 
per kidney). The renal vasculature has very little resting 
tone, so that the normal blood flow through the kidneys is 
80% of its maximal levels; in comparison, skeletal muscle 
has only 3% of its maximal blood flow at rest. Although 
overall oxygen consumption by the kidneys is high, the 
extraction rate of oxygen is low. This extraction rate does 
not change with alterations in renal blood flow. The renal 
blood pressure also remains remarkably constant despite 
profound changes in systemic blood pressure. 

This phenomenon is known as autoregulation and 
is brought about by changes in preglomerular vascular 
resistance. The underlying mechanism for this is thought 
to be the intrinsic myogenic tone of the renal blood vessels 
aided by prostaglandin release; autoregulation is not 
mediated by the renal sympathetic nerves. 

e Glomerular blood pressure (60 mm Hg) 
e Osmotic pressure of plasma proteins (32 mm Hg) 
e Bowman’s capsule/ hydrostatic pressure (18 mm Hg) 
e Netfiltration pressure = A-(B+C) 
60-(32+18) 
= 10mm Hg 

A total of 170-180 L of plasma per day is filtered by 
the glomeruli at an overall rate of 125 mL/min. ‘The fluid 
in Bowman’s capsule is strictly an ultrafiltrate of plasma. 
The glomerular membrane is impermeable to molecules 
larger than 4 nm diameter; this corresponds to a molecular 
weight of approximately 70,000. This large volume of 
filtrate is passed on to the tubular system of the nephron 
(Fig. 138.1). This filtrate undergoes substantial 
modification by reabsorption and secretion. 

The proximal tubule reduces the volume of glomerular 
filtrate by 75-80%. There is an active reabsorption of glucose, 
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Fig. 138.1: Nephron 


phosphate, sodium, chloride, bicarbonate and potassium. 
Glucose is reabsorbed entirely from the proximal tubules 
unless the glucose load in the urine exceeds the tubular 
capacity for its absorption. Eighty percent of the filtered 
sodium and 90% of bicarbonate are reabsorbed from 
the proximal tubules, sodium being pumped actively via 
Na*-H* and Nat-K* pumps. The filtrate in the proximal 
tubules, however, remains iso-osmotic throughout due to 
the simultaneous passive reabsorption of water and urea. 
Sulphates, amino acids and low-molecular-weight proteins 
are also reabsorbed, as is virtually all the filtered potassium. 
The filtrate is hypotonic as it leaves the loop of Henle 
and enters the distal tubules, where water reabsorption 
depends on the presence of antidiuretic hormone (ADH). 
Sodium is actively pumped out of the distal tubule, although 
reabsorption may be modified by aldosterone secretion. 
The collecting tubules pass through the renal 
medulla. Reabsorption of water from collecting tubules 
is independent of sodium reabsorption and is regulated 
by ADH secretion. Sodium is actively pumped out of the 
collecting tubules against a concentration gradient to 


896 


Section 18 Transplant 


maintain the hypertonicity of the renal medulla and this 
causes passive water reabsorption to a small degree. Large 
amounts of urea are also reabsorb 

passively from the collecting tubules. 

Sodium, chloride and water are reabsorbed passively 
from the loop of Henle. Water is reabsorbed from the 
more proximal part (descending limb) together with 
sodium. The distal part (ascending limb) is impermeable 
to water but allows active sodium reabsorption. This 
selective reabsorption of sodium and water results in the 
development of a concentration gradient in the renal 
medulla and this is important in maintaining water balance. 
Diuretics which work on the loop of Henle (e.g. frusemide) 
do so by inhibiting chloride and sodium reabsorption from 
the descending limb of the loop of Henle. 

Many substances are secreted in the distal tubule. 
Potassium and hydrogen ions are secreted, as are many 
foreign agents (e.g. drugs). Distal tubular secretion 
contributes 75% of the potassium content of urine; 
potassium secretion is intimately linked with sodium and 
hydrogenion concentrations andis modified by aldosterone 
secretion. Hydrogen ion secretion occurs mostly in the 
distal tubules and occurs against a concentration gradient. 

The osmolarity of urine may vary from 30 mOsm/L 
to 1,200 mOsm/L and depends on the amount of water 
reabsorbed in the collecting tubules (Fig. 138.2). This, 
in turn, is dependent on the sodium and chloride, and 
are transported out of the ascending limb of the loop of 
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Henle but are not accompanied by water. The sodium 
concentration in the ascending limb therefore falls 
progressively as the distal tubule is reached. The remainder 
of the loop of Henle remains in osmotic equilibrium with 
the renal interstitium. 

As isosmolar filtrate reaches the bottom of the loop of 
Henle, the contents of the descending limb become more 
concentrated as a result of being ‘pushed’ into the hairpin 
bend before the ascending limb. This concentration is 
further increased by active sodium reabsorption in the 
ascending limb. This establishes an osmolar gradient in 
the renal medulla which can be maintained only if the 
medullary blood flow (in the vasa recta) is relatively low. 

Any increase in medullary blood flow (e.g. as a result of 
hemodilution or volume expansion) results in dissipation 
of medullary osmolality, decreased water reabsorption 
and the production of large quantities of dilute urine. 
Dehydration, in contrast, results in release of ADH which 
increases the permeability of the distal nephron to water 
resulting in increased water reabsorption. Antidiuretic 
hormone is released from the posterior lobe of the pituitary 
gland in response to raised plasma osmotic pressure and 
afferent impulses from higher centers in the brain. 

The release of ADH is triggered by feedback from osmo 
receptors close to the supraoptic nucleus which respond 
to sodium and chloride concentrations in the plasma. In 
addition, there are also volume receptors in the atria and 
great veins, supplied by the vagus nerve. 
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The kidney cannot excrete urine of pH less than 4.5. 
Acid-base balance is maintained by a complex series of 
buffer systems. In the proximal tubules, the predominant 
buffer system is dependent on HCO,/H,CO, whilst, in the 
distal tubules, the predominant buffer is HPO,”/H,PO,. 
The weakest of the important buffers is NH,* system. The 
phosphate buffer system is the most important during 
normal renal function. The NH,* system, however, has the 
advantage that it allows the excretion of acid without the 
loss of metallic cations such as Na’. 

Erythropoietin is produced by the kidney in response 
to hypoxia, vasoconstriction, high circulating levels of 
the products of red cell destruction and a number of 
hormones. It is also produced by the liver and spleen. 
Erythropoietin results in an increase in nucleated red 
blood cells in hematopoietic tissue and a rise in blood cell 
and reticulocyte counts in the peripheral blood. 

The renal cortex and medulla can synthesize 
prostaglandins. ‘The precursor for synthesis is 
phospholipid which is converted to arachidonic 
acid and then to prostaglandins. The most common 
prostaglandins produced by the kidney are PGI2, PGE2, 
PGF2 and thromboxane-A2 (TXA2). PGE2 is a potent renal 
vasodilator, decreases sodium transport in the collecting 
tubules and antagonizes ADH. Other prostaglandins have 
opposite actions. All the products of arachidonic acid 
breakdown are important in a number of disease states but 
their exact action during normal renal function is unclear. 

Renin is released from juxtaglomerular cells in 
response to sympathetic nerve stimulation, a decrease 
in afferent arteriolar pressure and hyponatremia. It acts 
upon circulating angiotensinogen to produce angiotensin 
I. This, in turn, is converted to circulating angiotensin II 
in the pneumocytes. Angiotensin II stimulates the zona 
glomerulosa of the adrenal gland to produce aldosterone. 
This hormone increases sodium reabsorption by the 
kidneys as well as causing vasoconstriction. Both these 
effects feedback to switch off renin secretion when 
homeostasis has been obtained (Fig. 138.3). 

The kidney is also involved intimately in calcium meta- 
bolism. 1-hydroxylase is produced by the kidney as a result 
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of low circulating levels of calcium. This enzyme converts 
25-hydroxycholecalciferol into the potent metabolite,’ 
25-dihydroxycholecalciferol, which then stimulates 
calcium reabsorption from bone and decreases urinary 
calcium excretion. 

Kallikrein is produced by the distal nephrons and 
secreted in the urine. It acts upon other substrates to 
produce a variety of kinins. Some of these (e.g. bradykinin) 
are potent vasodilators and result in increased urine flow 
and sodium excretion. Other kinins may be involved in the 
activation of renin secreted by the juxtaglomerular cells. 
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INTRODUCTION 


Matiur Rahman 


The term acute renal failure (ARF) was introduced by Homer 
Smith, has largely been replaced by acute kidney injury (AKI) 
in the recent nephrology literature, is traditionally defined 
as sudden deterioration of renal function, manifested by a 
fall of glomerular filtration rate (GFR) resulting in retention 
of nitrogenous (urea and creatinine) and non-nitrogenous 
waste products in blood. The kidney performs multiple 
functions such as, maintains fluid, sodium and potassium 
balance, acid base balance, regulates divalent ions, produces 
hormones, excretes waste products, takes part in the long 
term regulation of blood pressure and thus maintains the 
body homeostasis. There is no single test that accurately 
measures the overall function of the kidney. Estimation of 
serum creatinine (SCR) which has so far been used as a gold 
standard biomarker is being regarded as a poor one, because 
itisnotan injury marker rather a functional marker.’ Although 
some recently developed AKI biomarker like neutrophil 
gelatinase-associated lipocalin (NGAL), IL-18 and kidney 
injury molecule-1 (KIM-1) have been suggested in diagnosis 
AKI,” these are not as specific or sensitive like troponin in 
acute myocardial infarction used by cardiologists or arterial 
oxygen concentration in diagnosing acute pulmonary failure 
used by pulmonologist. Until such time that researchers find 
specific, sensitive and easily measurable marker for AKI the 
ideal definition of AKI remains a far cry. 


DEFINITION 


To define anything is difficult and nothing could be more 
correct than what Samuel Johnson—an eighteenth century 
English poet said about definition, “Definitions are tricks 
for pedants” And in the literature there are 35 definitions of 
AK1.?* But recent efforts to define AKI utilizing changes in 
SCR, urine volume and GFR based on risk, injury, failure, 
loss, end-stage (RIFLE) criteria and acute kidney injury 
networks (AKIN) classification is particularly helpful. The 
acute dialysis quality initiative (ADQI) working group 
developed a consensus definition of AKI utilizing RIFLE 


Acute Kidney Injury 


classification based on changes to SCR, urine output (ou) 
and clinical outcomes.*® 


RIFLE criteria for classification of acute kidney injury: 
e R = Risk: Serum creatinine increase x 1.5 or GFR loss 
more than 25%. 
Urine output less than 0.5 mL/kg per hr x more than 6 hr 
e I= Injury: Serum creatinine x 2 or GFR loss more 
than 50%. 
Urine output less than 0.5 mL/kg per hr x more than 12 hr 
e F = Failure: Serum creatinine x 3 or GFR loss more 
than 75% 
or serum creatinine increase more than 4 mg/dL 
or Acute rise more than 0.5 mg/dL 
Urine output less than 0.3 mL/kg per hr x more than 24 hr 
or Anuria. 
e L= Loss: Persistent loss of kidney function more than 
4 weeks. 
e E = End-stage renal disease: Loss of kidney function 
more than 3 months. 
Here, the term AKI and ARF has been used 


synonymously. 


EPIDEMIOLOGY 


Acute kidney injury is a world wide disease affecting male 
and female equally. Acute kidney injury is nowadays 
divided into two categories: (1) community acquired and; 
(2) hospital acquired. This distinction between community 
and hospital acquired AKI is important for the differential 
diagnoses, treatment, and eventual outcome of patients 
with AKI. The annual incidence of community acquired 
ARF is approximately 100 cases per 1 million populations, 
and it is diagnosed in only 1% of hospital admissions at 
presentation. Using the RIFLE criteria, hospital-acquired 
ARF of risk, injury and failure category has been found 
in 9%, 5% and 4% of hospital admissions, respectively, 
and in approximately 17%, 12% and 7% of critical care 
admissions. This high incidence of hospital acquired AKI 
is multifactorial; it is related to an aging population with 
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increased risks of AKI, the high prevalence of nephrotoxic 
exposures possible in a hospital setting, and increasing 
severity of illness. 

There is no data available for developing countries, 
nevertheless community acquired AKI is more prevalent in 
developing countries because of high incidence of gastro- 
enteritis, malaria, leptospriosis, hanta virus and other 
infections. However, hospital acquired AKI seems to be 
similar to that of the West in terms of etiology, prevalence, 
severity and high mortality rate." 


CAUSES 


The causes of AKI have been classified in many ways: 
medical, surgical and obstetric causes but traditionally, the 
causes are best classified as prerenal, renal and postrenal. 


Prerenal Causes 


The vast majority of community acquired AKI is due to 
reduced renal perfusion following fluid, blood or plasma 
loss due to gastroenteritis, accidents and burns. On the 
other hand hospital acquired AKI occurs mostly due to 
multisystem diseases, sepsis and post surgery. Table 139.1 
shows the prerenal causes of AKI. 


Renal Causes 


Intrinsic renal diseases causing AKI are classified 
according to the primary site of involvement by the disease 


process, i.e. glomeruli, tubules, interstitium and vessels. 
The prerenal causes due to ischemia or toxins, if continued 
unabated becomes the intrinsic AKI and in very common. 
Table 139.2 shows the renal causes of AKI. 


Postrenal Causes 


Obstructive uropathy accounts for about 5% of all cases of 
AKI and occurs in children and elderly people. Table 139.3 
shows the postrenal causes of AKI. 


Causes of Acute Kidney Injury in Children 


Neonates 

e Perinatal hemorrhage: Twin-twin transfusion, 
complications of amniocentesis, abruption-placenta, 
birth trauma. 

e Neonatal hemorrhage: Severe intraventricular 


hemorrhage, adrenal hemorrhage, perinatal asphyxia 

and hyaline membrane disease (newborn respiratory 

distress syndrome) both may result in preferential 

blood shunting away from the kidneys (i.e. prerenal) to 

central circulation.'® 

Acute kidney injury has been observed secondary 
to medications (e.g. aminoglycosides, NSAIDs) given to 
the mother perinatally. Angiotensin-converting enzyme 
(ACE) inhibitors can traverse placenta, resulting in a 
hemodynamically mediated form of ARE Acute GN is rare 
and most commonly the result of maternal-fetal transfer 
of antibodies against the neonate’s glomeruli or transfer of 


Table 139.1: Prerenal causes of acute kidney injury 


Hypovolemia 

Decreased effective plasma volume 
Decreased cardiac output 
Renovascular obstruction 


Interference with renal autoregulation 


Gastrointestinal losses, burn, trauma, hemorrhage, surgery, dehydration, pancreatitis 

Nephrotic syndrome, hepatic failure, shock, vasodilator drugs 

Cardiogenic shock, cardiac temponade, congestive cardiac failure, massive pulmonary embolism 
Atherosclersosis, stenosis thrombosis and embolism 


Prostaglandin inhibitors, angiotensin-converting enzyme inhibitor and cyclosporin 


Table 139.2: Renal causes of acute kidney injury 


Glomerular diseases 


Small vessel disease 
HUS, DIC, Toxemia of pregnancy 


Interstitial nephritis 


Acute postinfectious GN, rapidly progressive GN, endocarditis 


Malignant hypertension, connective tissue diseases 


Drug-induced Penicillin, cephalosporin, sulpha drugs, NSAID, ciprofloxacin, frusemide, autoimmune disease— 


SLE, Sjogren's syndrome, infections (Leptosperosis, Hantavirus and legionnaires' disease) 
Infiltrative Sarcoidosis, malignancy (lymphoma, leukemia) 


Tubular lesion 


Postischemia (prolonged prerenal), nephrotoxins (drugs, contrast media, anesthetics, heavy metals), snakebite, 


beestings, herbal medicine), pigment nephropathy, organic solvents, hypercalcemia, light chain nephropathy 


Abbreviations: GN, glomerulonephritis; HUS, Hemolytic uremic syndrome; DIC, disseminated intravascular coagulation; NSAID, non-steroidal anti-inflammatory 


drug; SLE, systemic lupus erythematosus 
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Table 139.3: Postrenal causes 


Ureteral obstruction 
(Bilateral or single kidney) 


Stones or crystals, blood clot, papil- 
lary necrosis, tumors, retroperitoneal 
fibrosis; accidental surgical ligation 


Bladder outflow 
obstruction 


Bladder neck obstruction (prostatic 
hypertrophy, carcinoma); neuro- 
genic bladder, colorectal and cervical 
carcinomas 


Urethral obstruction 


Congenital valve, phimosis, stricture 


chronic infections (syphilis, cytomegalovirus) associated 
with acute GN. Congenital malformations of urinary 
collecting systems should be suspected." 


Grown-up Children 


The most common cause of hypovolemia in children is 
gastroenteritis. Congenital and acquired heart diseases 
are also important causes of decreased renal perfusion in 
this age group. Hemolytic uremic syndrome (HUS) often 
is cited as the most common cause of ARF in children. 
The most common form of the disease is associated with 
a diarrheal prodrome caused by Escherichia coli 0157:H7. 
In South Asian countries shigella dysenteriae type-1 is the 
cause of HUS in children.” These children usually present 
with microangiopathic anemia, thrombocytopenia, colitis, 
mental changes and renal failure. Acute post-streptococcal 
GN should be considered in any child who presents with 
edema, hematuria, hypertension and renal failure. A 
mini-epidemic of AKI was reported amongst children of 
Bangladesh and India due to contaminated elixir with 
diethylene glycol with a very high mortality rate at the end 
of last century. "°? 


Clinical Situations Favorable of Acute Kidney Injury 
Old Age 


Several studies have shown that frequency of severe form of 
AKIis higher among patients over 70 years of age compared 
to those under 50 years of age.21 And these elderly patients 
with AKI has also higher mortality, although relationship 
of age with other comorbid condition leading to higher 
mortality is difficult to ascertain. 


Multiple Organ Failure 


Acute kidney injury has been observed more frequently 
in the intensive care unit (ICU) in critically ill patients 
with multiple organ failure. Liano et al. found that ICU 
associated AKI had 24% with one organ dysfunction, 40% 


had two and 26% had three or more organ dysfunction. The 
cause of AKI in the presence of multiple organ dysfunction 
is also multifactorial i.e. hemodynamic instability with 
low cardiac output, volume disturbances, exposure to 
nephrotoxic drugs and sepsis.” 


Sepsis 


Several large multicenter studies showed that 38% of cases 
of oliguric and 28% of cases of nonoliguric AKI occurred 
in the presence of infection and severe infection was 
a predisposing factor of ICU associated AKI in 30-48% 
cases.” These infections could be bacterial, viral, fungal or 
parasitic. In these situations use of multiple antimicrobial 
agents are common. And severe sepsis and these agents 
together cause further tubular injury and AKI. 


Postsurgical State 


Any major surgical procedure particularly in elderly 
patients is an important setting where AKI can occur. 
Liano and Pascual found 27% of AKI in their series. The 
occurrence of AKI after cardiac surgery, surgery for 
aneurysm of abdominal aorta and surgery, in patients with 
jaundice are common. Hypertension, congestive cardiac 
failure and diabetes mellitus are particularly vulnerable to 
develop AKI in post surgical period and AKI is common 
after cardiac, liver and bone marrow transplantation 
surgery.” 


Severe Trauma and Rhabdomyolysis 


Major trauma like road traffic accidents causing 
hypotension and shock due to blood loss and muscle 
injury producing rhabdomyolysis may produce AKI. 
Rhabdomyolysis, apart from trauma, may occur due 
to infections, alcoholism, seizures, drugs and extreme 
physical exertion, produce AKI in 10-50% cases having 
21% mortality.” 


Pregnancy 


The incidence of AKI in pregnancy has substantially 
decreased in Western countries and also the mortality 
associated with pregnancy related AKI. In developing 
countries the data is scanty but it appears that incidence 
as well as mortality rate due to severe form of AKI i.e. acute 
cortical necrosis in pregnancy related AKI is still very high. 
Acute kidney injury in pregnancy occurs commonly in 
patients with pre-existing renal disease like nephritis and 
hypertension. Pregnancy related AKI most commonly 
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occurs in setting of septic abortion in developing countries 
and the other causes like pre-eclampsia, eclampsia, 
abruptio placenta, post artum hemorrhage, hemolysis, 
elevated liver enzymes and low platelet count (HELP) 
syndrome are similar all over the world.” 


Liver Disease and Acute Pancreatis 


Liver diseases both acute and chronic are important 
predisposing factors of AKI. Fulminant viral hepatitis 
most often associated with AKI. The factors responsible 
are prerenal like vomiting, diarrhea, related to toxins, 
infections, stroke and hypotension. In chronic liver 
disease AKI is quite common, about 40% patients develop 
hepatorenal syndrome (HRS) in patients with end stage 
liver disease and prognosis of AKI in chronic liver disease 
has a high mortality rate of 80%. 

The pathogenic mechanism of HRS is incompletely 
understood. Two subtype of HRS have been described. 
Type-1 which runs a fulminant course with rapid rise of 
SCR, serum bilirubin and death occurs within one month. 
Type- II runs an indolent course with diuretic resistant 
ascites. Diagnosis is made by exclusion of other causes 
of AKI such as gastrointestinal (GI) losses, drug toxicity 
and hepatitis-C induced cryoglobulinemia. The triggering 
factors are bacterial peritonitis, GI bleeding, paracentesis 
and use of vigorous diuretics.”° 


Acute Kidney Injury in Cancer Patients 


Acute kidney injury in cancer patients may be prerenal 
because ofdiarrheaandvomiting, mayberenal because ofthe 
use of chemotherapeutic agents and less commonly tumor 
associated GN. The tumor lysis syndrome may produce AKI 
associated with hyperuricemia, hyperphosphatemia and 
hypercalcemia. Acute kidney injury may also occur due to 
leukemia and multiple myeloma.” 


Acute Kidney Injury after Solid Organ and 
Bone Marrow Transplant 


Acute kidney injury may occur after renal and other 
nonrenal solid organ transplantation. Acute kidney injury 
following renal transplantation most commonly occurs 
due to delayed graft function. Acute kidney injury occurs 
in 35% of heart transplant, 15% lung transplant, 20-30% of 
liver transplant and about 50% in bone marrow transplant 
with 20-30% requiring dialysis associated with poor 
prognosis.” These forms of AKI is most seen in developed 
Western countries as transplantation of solid organs other 
than renal is very rare in developing countries. 


PATHOPHYSIOLOGY 


Pathophysiology of AKI is both complex and as yet not fully 
understood. The hallmark of AKI is the reduction of GFR 
resulting in rise of nitrogenous end products in the blood. 
The mechanism involved in reducing GFR has been studied 
initially by micro-puncture study and recently by cell 
culture techniques suggest that both tubular and vascular 
factors are responsible to produce AKI whatever the 
initial insult may be. These insults may be prerenal which 
reduces renal perfusion and postrenal i.e. obstructive and 
in primary renal diseases affecting all the four components 
of kidney i.e. vessels, interstitium, glomeruli and tubules. 
These vascular and tubular factors are initiated by two 
mechanisms i.e. toxins and ischemia. Toxins may cause 
injury directly and also initiate changes at the cellular level 
and injure mostly proximal tubular epithelial cells-lethal or 
sublethal and similar changes are produced by ischemia 
involving reduction of adenosine triphosphate (ATP) the 
main source of power and energy for cellular integrity 
and functioning. The other cellular changes that occur are 
common to both toxic and ischemic variety of AKI.” 


Depletion of Adenosine Triphosphate 


In AKI there is prompt reduction of ATP. The renal tubules 
require energy for performing its function of water and 
solute reabsorption. In renal tubular cells ATP is generated 
mainly by oxidative phosphorylation and this process is 
hampered by both nephrotoxins and ischemia. Dependent 
on the degree and severity of the insult ATP depletion will 
affect the mitochondrial membrane potential and cellular 
injury. When the injury is severe there will be influx of 
calcium into the cells, causing further injury to the cells. 
Adenosine triphosphate is also required for cytosheletal 
integrity and maintenance of cell signaling pathways. 
Severe depletion of ATP by impairing the Na*K*-ATPase 
activity leads to increase in cellular Na concentration, 
cell swelling, tubular obstruction, leakage of fluid into 
interstitium and myriads of other cellular dysfunction 
causing reduction of GFR.* Adenosine triphosphate is 
also important in the regenerative process of AKI. 


Increased Intracellular Calcium 


Hypoxia leads to significant increase in cytosolic calcium 
and leads to cell membrane damage.” Increased 
intracellular calcium has also other cell damaging effect 
like vasoconstriction, activating proteases, phospholipases, 
breakdown the cytoskeleton and interferes with 
mitochondrial metabolism. There has been evidence of 
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beneficial effect of calcium channel blockers (CCBs) in 
experimental animals.” 


Alteration in the Cytoskeleton 


The transport of water and solutes by the proximal 
tubular cells from the tubular lumen to the capillaries are 
dependent upon the polarized structure and function of 
tubular cells. This polarity has two domains: (1) apical and; 
(2) basolateral. The apical domain consists of microvilli 
containing actin cytoskeleton, whereas the basolateral 
domain contain Na*/K*-ATPase which actively transport 
sodium against the electrochemical gradient. Actin 
cytoskeleton maintains the basolateral attachment of 
Na*/K*-ATPase. Hypoxia leading to ATP depletion affects 
the actin cytoskeleton and initiates series of changes 
producing cellular damage-lethal or sublethal. These 
changes are: (1) proximal tubular brush border injury and 
sloughing of brush border fragments causing luminal cast 
formation; (2) destabilizing Na*/K* ATPase at basolateral 
membrane to the apical region affecting tight junction 
and causing back leak of the glomerular filtrate reducing 
GFR and; (3) loss of polarization leads to cell interaction 
and sloughing of cells into the lumen causing obstruction 
and further reduction of GFR. However, all these 
cytoskeletal alteration are potentially reversible. Alteration 
of cytoskeleton by ATP depletion and rise of intracellular 
calcium also activate cysteine proteases and nitric oxide 
(NO) causing further cellular damage.“ 


Activation of Systemic Proteases 


Cysteine proteases are several intracellular proteases 
having three major groups: (1) cathepsin; (2) calpains 
and; (3) caspases. Out of these three proteases calcium 
dependent calpains have been found to be injurious to the 
hypoxia induced proximal tubular damage. The recently 
discovered caspases, which have 14 members, of these 
activation of caspases 1, 3 and 9 have been found to be 
implicated in hypoxia-induced AKI. Caspases injures 
the tubular epithelial cells in two ways: (a) activation of 
pro-inflammatory cytokines, i.e. IL-1 and IL-18 and; (b) 
promoting apoptotic cell death. Calpains and caspases 
work synergistically and in experimental animal inhibition 
of these proteases have been found to be protective of cell 
necrosis and apoptosis.*° 


Nitric Oxide 


Nitric oxide is a messenger molecular which mediates 
various functions i.e. vasodilatation, anti-microbial, 


anti-tumoricidal, immunological and cytotoxic activities. 
The preservation of renal blood flow is mediated by 
endothelial generation of NO in low amount by the 
enzyme nitric oxide synthase (NOS). On the other hand, 
generation of NO in large amounts produced in hypoxia 
by isoform of nitric oxide synthetase (INOS) produces 
epithelial cell injury by various mechanisms including 
ATP depletion and damaging DNA.*° 


Phospholipases and Integrins 


Activation of phospholipase A2 (PLA2), induced by 
hypoxia causes disruption of cell membrane integrity by 
attacking phospholipid component of cell membrane 
leading to cellular injury.” And the integrins which are 
glycoproteins consisting of combination of alpha and beta 
subunits mediate cell to cell and cell-matrix adhesion 
seems to take part in AKI and produce tubular obstruction 
by adhesion of desquamated cells to each other and cast 
formation with Tamm-Horsfall protein in the renal tubules 
and thus reduces GFR. 


Neutrophil Activation and Intracellular 
Adhesion Molecules 


Renal ischemia reperfusion injury is associated with an 
increase in infiltrating neutrophils. The adherence of 
neutrophils causes release of potent vasoconstrictors i.e. 
prostaglandins; leukotrienes and thromboxane producing 
cell injury. Intracellular adhesion molecule-I (ICAM-I) 
has been implicated in ischemic cellular injury and 
administration of monoclonal antibody against ICAM-I 
has been found to have protective against ischemic AKI in 
experimental animals.* 

The above pathogenic mechanisms produce AKI 
causing predominantly proximal tubular (S1 and S2 
segment) cellular injury including in certain cases, cell 
necrosis. But interesting feature is that these cells may 
repair and regenerate completely in most cases of AKI 
when detected early and treated properly, having complete 
recovery of renal function to normal. This is in contrast 
to cell death, say in acute myocardial infarction where 
dead cells never recover. The recovery or regenerative 
phase involves repair of hemodynamic and vascular 
abnormalities, repair of sublethal cells injury, replacement 
of dead cells and removal of luminar debris. This reparative 
process involves mitogenic response by remaining tubular 
epithelial cells. Three growth factors: (a) epidermal growth 
factor-1 (EGF-1); (b) hepatocyte growth factor-1 (HGF-1) 
and; (c) insulin growth factor-1 (IGF-1) are responsible for 
the renewal of cells lost as a result of ischemic/toxic injury. 
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This is the reason that in prerenal AKI recovery is quick 
and complete, if properly managed. And even when the 
insult is prolonged and severe most patients will recover 
after a few dialytic form of therapy. But in most severe 
cases of AKI when the insult is very severe and prolonged 
the patient may develop acute cortical necrosis and shall 
be dependent on renal replacement therapy (RRT) for the 
rest of their life. 


Acute Cortical Necrosis 


When the ischemic insults are severe, the regeneration 
process may be ineffective, and these cases usually 
have acute cortical necrosis. The majority cases of acute 
cortical necrosis (50%) occur in pregnancy related AKI, 
i.e. toxemia of pregnancy, abruptio placenta, septic 
abortion, intraureterine fetal death and post-partum 
hemorrhage.” The other 50% cases of acute cortical 
necrosis occur due to severe and prolonged septic shock, GI 
emergencies, dissection of aortic aneurysms and HUS with 
prolonged anuria. The mechanisms involved are marked 
vasoconstriction and activation of clotting cascades giving 
rise to endothelial injury and formation of platelet fibrin 
microthrombi involving glomeruli which ultimately get 
calcified detectable by simple radiology in 3-4 weeks time. 
Early diagnosis may be possible by ultrasonography and 
CT scan. 


DIAGNOSIS 


The early detection and determination of the exact cause 
of AKI is very important because of direct relationship 
of mortality and magnitude of subsequent rise of SCR. 
Diagnosis of both community acquired and hospital- 
acquired AKI is done by maintaining a high degree of 
awareness for AKI in clinical settings in which AKI is 
commonly found to develop by estimation of SCR and 
presence of oliguria or anuria. Etiological diagnosis and 
severity of AKI is important for proper management and is 
done by taking a detailed history, clinical examination and 
laboratory investigations. 


HISTORY 


History can help classify the pathophysiology of ARF as 
prerenal, renal or postrenal failure, and it may suggest 
some specific etiologies. 


Prerenal 


Patients commonly present with symptoms related to 
hypovolemia, including thirst, decreased urine output, 


dizziness and hypotension. Elders with vague mental 
status change are commonly found to have prerenal 
or normotensive ischemic ARE There may be volume 
loss from vomiting, diarrhea, sweating, polyuria, or 
hemorrhage. Patients with advanced cardiac failure leading 
to depressed renal perfusion may present with orthopnea 
and paroxysmal nocturnal dyspnea. Insensible fluid losses 
can result in severe hypovolemia in patients with restricted 
fluid access and should be suspected in elderly patients 
and in comatose or sedated patients. 


Renal 


Patients can be divided into those with glomerular 
etiologies and those with tubular etiologies of AKI. 


Glomerular Diseases 


Nephritic syndrome with hematuria, edema and 
hypertension indicates a glomerular etiology of AKI. Query 
about prior throat or skin infections. 


Tubular Diseases 


Acute tubular necrosis (ATN) should be suspected in any 
patient presenting after a period of hypotension secondary 
to cardiac arrest, hemorrhage, sepsis, drug overdose, or 
surgery. A careful search for exposure to nephrotoxins should 
include a detailed list of all current medications and any 
recent radiologic examinations (i.e. exposure to radiologic 
contrast agents). Pigment-induced AKI should be suspected 
in patients with possible rhabdomyolysis (muscular pain, 
recent coma, seizure, intoxication, excessive exercise, limb 
ischemia) or hemolysis (recent blood transfusion). Allergic 
interstitial nephritis should be suspected with fevers, rash, 
arthralgias, and exposure to certain medications including 
NSAIDs and nephrotoxic antibiotics. 


Postrenal 


Postrenal failure usually occurs in older men with prostatic 
obstruction and symptoms of urgency, frequency, and 
hesitancy. Patients may present with asymptomatic 
high-grade urinary obstruction because of chronicity 
of their symptoms. History of prior gynecologic surgery 
or abdominopelvic malignancy often can be helpful in 
providing clues to the level of obstruction. Flank pain and 
hematuria should raise a concern about renal calculi or 
papillary necrosis as the source of urinary obstruction. Use 
of acyclovir, methotrexate, triamterene and indinavir or 
sulfonamides implies the possibility of tubular obstruction 
by crystals of these medications. 
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Physical Examination 


Hypotension and tachycardia are obvious clues to 
decreased renal perfusion. Evaluation for hypovolemia 
should include evaluations for orthostatic hypotension, 
mucosal membrane moisture, and tissue turgor. Acute 
fluid overload may lead to compromise of a patient’s 
ability to oxygenate and ventilate. Patients also may 
present hypovolemic, with increased risk for iatrogenic 
complications of their renal failure. Physical examination 
should include a search for the following signs: 


Skin 


On examination of skin following signs may be present: 
livido reticularis; digital ischemia; butterfly rash, 
palpable purpura—systemic vasculitis; maculopapular 
rash—allergic interstitial nephritis and; track marks (i.e. 
intravenous drug abuse)—endocarditis. 


Eyes 


On examination of eyes following signs may be present: 
keratitis, iritis, uveitis, dry conjunctiva—autoimmune 
vasculitis; jaundice—liver diseases; band keratopathy (i.e. 
hypercalcemia)—multiple myeloma; signs of diabetes mellitus; 
signs of hypertension and; atheroemboli (retinopathy). 


Ears 


On examination of ears following signs may be present: 
hearing loss—Alport disease and aminoglycoside toxicity 


and; mucosal or cartilage ulcerations—Wegener’s 
granulomatosis. 
Cardiovascular System 


On examination following signs may be present: irregular 
rhythms (ie. atrial fibrillation) —thromboemboli; 
murmurs—endocarditis and; increased jugulovenous 
distention, rales, S,—congestive heart failure (CHF). 


Pulmonary 


Onpulmonary examination following signs maybe present: 
rales—Goodpasture syndrome, Wegener’s granulomatosis 
and; hemoptysis—Wegener’s granulomatosis. 


Abdomen 


On examination of abdomen following signs may 
be present: pulsatile mass or bruit—atheroemboli; 


costovertebral angle tenderness—nephrolithiasis, 
papillary necrosis; Pelvic, rectal masses; prostatic 
hypertrophy; distended bladder urinary obstruction and; 
limb ischemia, edema—rhabdomyolysis. 


Urine Output 


Changes in urine output generally are poorly correlated 

with changes in GFR. Approximately 50-60% of all causes 

of AKI are nonoliguric. However, categories of anuria, 

oliguria, and nonoliguria may be useful in differential 

diagnosis of AKI. 

e Anuria (< 100 mL/d)—urinary tract obstruction, renal 
artery obstruction, rapidly progressive GN, bilateral 
diffuse renal cortical necrosis 


e Oliguria (100-400 mL/d)—prerenal failure, 
hepatorenal syndrome 
e Nonoliguria (> 400 mL/d)—Acute GN, acute 


interstitial nephritis, radio-contrast induced AKI and 
rhabdomyolysis 


Clinical Features and Complications 


Although clinical features of AKI are dominated by the insult 
that produces AKI, it has its own systemic manifestations. 


Respiratory 


Pulmonary complications have been reported in 
approximately 54% of patients with AKI. Pulmonary 
complications are the single most significant risk factor 
for death in patients with AKI. Several diseases exist that 
commonly present with simultaneous pulmonary and 
renal involvement, including pulmonary/renal syndromes 
(e.g. Goodpasture syndrome, Wegener’s granulomatosis, 
polyarteritis nodosa, cryoglobulinemia, sarcoidosis). 
Hypoxia commonly occurs during hemodialysis and can 
be particularly significant in the patients with pulmonary 
disease. This dialysis related hypoxia is thought to occur 
secondary to sequestration of white blood cells (WBC) in 
the lungs and alveolar hypoventilation. 


Gastrointestinal 


Gastrointestinal symptoms of nausea, vomiting, and 
anorexia are frequent complications of AKI and represent 
one of the cardinal signs of uremia. Gastrointestinal 
bleeding occurs in approximately one-third of patients 
with AKI. Most episodes are mild, but GI bleeding 
accounts for 3-8% of deaths in patients with AKI. Mild 
hyperamylasemia (2-3 times of controls) is commonly 
seen in AKI. Elevation of baseline amylase can complicate 
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diagnosis of pancreatitis in patients with AKI. Lipase, 
which commonly is not elevated in AKI, often is necessary 
to make the diagnosis of pancreatitis. Pancreatitis has 
been reported as a concurrent illness with AKI in patients 
with atheroemboli, vasculitis, and sepsis from ascending 
cholangitis. Jaundice has been reported to complicate 
ARF in approximately 43% of cases. Etiologies of jaundice 
with AKI include hepatic congestion, blood transfusions, 
and sepsis. Hepatitis occurring concurrently with AKI 
should prompt the differential diagnosis of common bile 
duct obstruction, fulminant hepatitis B, leptospirosis, 
acetaminophen toxicity, and Amanita phalloides toxin. 


Circulatory 


Cardiovascular complications (e.g. CHE myocardial 
infarction, arrhythmias and cardiac arrest) have been 
observed in as many as 35% of patients with AKI. Fluid 
overload is secondary to oliguric AKI, is a particular risk 
for elderly patients with little cardiac reserve. Pericarditis 
is a relatively rare complication of AKI. When pericarditis 
complicates AKI, consider additional diagnoses, suchas SLE 
and hepatorenal syndrome. Acute kidney injury also can 
be a complication of cardiac diseases, such as endocarditis, 
worsening CHE, or atrial fibrillation with emboli. Cardiac 
arrest in a patient with AKI always should arouse suspicion 
of hyperkalemia. Many authors recommend a trial of 
intravenous calcium chloride (or gluconate) in all patients 
with AKI who experience cardiac arrest. 


Infection 


Infections commonly complicate the course of AKI and 
have been reported to occur in as many as 33% of patients 
with AKI. Most common sites are pulmonary and urinary 
tracts. Infections are the leading cause of morbidity and 
death in patients with AKI. Various studies have reported 
mortality rates of 11-72% in infections complicating AKI. 


Neuromuscular 


Neurologic signs of uremia are a common complication 
of AKI and have been reported in approximately 38% of 
patients with ARF. Neurologic sequelae includes lethargy, 
somnolence, reversal of the sleep-wake cycle, and cognitive 
or memory deficits. Focal neurologic deficits rarely are 
solely due to uremia and should remain a diagnosis 
of exclusion in patients with AKI. Pathophysiology of 
neurologic symptoms is still unknown but they do not 
correlate well to levels of blood urea nitrogen (BUN) or 
creatinine. A number of diseases express themselves 


with concurrent neurologic and renal manifestations [e.g. 
SLE, thrombotic thrombocytopenic purpura (TTP), HUS, 
endocarditis and malignant hypertension]. 

Clinical Course 


Acute kidney injury while treated passes through three 


clinical phases: 
1. In oliguric/anuric phase, it may vary from several days 
to weeks. 


2. Diuretic phase: In this phase, patient start having urine 
volume gradually increasing from 1 litre to several litres 
per 24 hours. And treating physician should be careful 
in maintaining water and electrolyte balance, to avoid 
about 10-20% mortality in this phase. 

3. Recovery phase: Gradually, patient’s urine volume 
starts coming down and SCR gradually come down 
to normal. The patient with pre-existing renal disease 
or having acute cortical necrosis may not recover 
completely. 


Laboratory Studies 


Urinalysis: Examination of urine is mandatory in the 
evaluation of AKI. Increased urinary protein excretion less 
than 1 gm/d is usually found in ischemic and nephrotoxic 
AKI whereas urinary protein excretion more than 1 gm/d 
is suggestive of primary glomeruler diseases. Microscopic 
examination of urine is essential in establishing differential 
diagnosis for ARF. Normal urinary sediment without 
hemoglobin, protein, cells, or casts generally consistent with 
prerenal and postrenal failure, HUS/TTP, preglomerular 
vasculitis, or atheroembolism. Granular casts—ATN, 
GN, interstitial nephritis. Red blood cell casts—GN, 
malignant HTN. white blood cell casts—pyelonephritis. 
Eosinophiluria—Acute allergic interstitial nephritis, 
atheroembolism. Crystalluria—Acyclovir, sulfonamides, 
methotrexate, ethylene glycol toxicity, radiocontrast agents 
(mild crystalluria can be a normal finding). 


Urine Chemical Indices 


Differentiation of prerenal azotemia from ATN takes 
on a special importance in early management of these 
patients. Aggressive fluid resuscitation is appropriate 
in prerenal ARF. However, overly aggressive volume 
resuscitation in a patient with ATN who is unable to 
excrete the extra fluid can result in volume overload 
and respiratory embarrassment. Table 139.4 shows the 
differentiation of prerenal and established AKI in terms 
of Na SCR exertion. 
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Table 139.4: Differentiation of prerenal from established acute 
kidney injury/acute tubular necrosis 


Established 
AKI/ATN 
< 500 

> 40 

<15 

< 20 

>1% 


Prerenal 


> 500 
< 20 
>20 
>40 
<1% 


Urine osmolality (mOsm/kg H,O) 
Urine Na (mEq/L) 

Plasma BUN: creatinine ratio 
Urine: Plasma creatinine ratio 
Fractional excretion of Na (FE,,.)* 


Urinary Na in mEq/L x plasma creatinine in mg/dl 
FES 7 sabe gi x 100 


Serum Na in mEq/L x urinary creatinine in mg/dL 


There are clinical conditions like acute GN, contrast 
media associated AKI obstructive AKI, rhabdomyolysis, 
pre-existing chronic kidney disease and use of diuretics 
where urinary Na indices may be misleading. 


Nitrogenous Waste Products in Blood 


Blood urea: The urea concentration correlates poorly with the 
GFR. Because urea is highly permeable to renal tubules, urea 
clearance varies with urine flow rate. Urea is filtered freely, 
but reabsorption along the tubule is a function of urine flow 
rate. During antidiuresis with urine flow rates less than 30 
mL/hr, urea clearance is as low as an estimated 30% of GFR. 
Under conditions of diuresis, with urine outputs greater than 
100 mL/hr, urea clearance can increase to 70-100% of GFR. 
This information can be used clinically to help differentiate 
prerenal failure from other etiologies of AKI. In prerenal 
conditions, low urine flow rates favor urea reabsorption 
out of proportion to decreases in GFR, resulting in a 
disproportionate rise of urea relative to creatinine, creating a 
serum urea:creatinine ratio more than 20 in prerenal failure. 
Urea concentration is dependent on nitrogen balance and 
renal function and catabolic state of the patient. 

Blood urea concentration can rise significantly with no 
decrement in GFR by increases in urea production with 
steroids, trauma or GI bleeding. Tetracycline increases 
urea by decreasing tissue anabolic rates. Basal urea 
concentration can be depressed severely by malnutrition 
or advanced liver disease. Always first estimate basal urea 
concentration when attempting to correlate changes in 
BUN with GFR. For example, in a patient with cirrhosis 
and a urea of 12 mg/dL, a GFR in the normal range may be 
assumed. Only with the knowledge of a baseline urea of 4 
mg/dL does the real decrease in GFR become apparent. 
Serum creatinine: Serum creatinine is the most widely used 
clinical marker of GFR and clinicians generally follow daily 
SCR concentration to assess whether GFR is increasing, 
decreasing or constant in patients with AKI. The SCR 


concentration is dependent on creatinine production, 
volume of distribution and renal excretion and absorption. 
The SCR is also dependent on age and sex, and is not linearly 
related to GFR. For example, GFR decreases by 1% per year 
after the age of 40 years, yet SCR level generally remains 
stable, because of decrease in muscle mass with age. And 
also SCR level in steady state is different than in clinical 
settings causing AKI. Yet estimation of GFR has been very 
useful in designing and analyzing epidemiological studies 
and clinical trials by using the mathematical transformation 
of SCR in modification of diet in renal disease (MDRD) 
and Cockcroft-Gault equations. Not only that both RIFLE 
and AKIN criteria use SCR and also of course urine output 
in defining and staging AKI. Therefore in the absence of 
another suitable marker of AKI, SCR remains a useful tool for 
the clinician as long as they remember that even in condition 
where there can be decrease in GFR, SCR may be normal. 
And baseline SCR is very important. Small changes with low 
baseline levels of creatinine may be much more important 
clinically than large charges with high base line creatinine. 
Certain diseases and drugs can interfere with the 
correlation of SCR with GFR. Acute GN causes increased 
tubular secretion of creatinine, falsely depressing the rise 
in SCR level when ARF occurs in acute GN. Trimethoprim 
and cimetidine cause decreased creatinine secretion anda 
falsely elevated creatinine with no change in GFR. 
Cystatin C emerged as a superior biomarker for 
early kidney injury. It is generated at a constant rate by 
all nucleated cells and is not secreted by the tubules or 
eliminated by other routes than renal excretion. It does not 
appear to be affected by body habitus, nutritional state, or 
comorbid illness. One of its principal advantages is that it 
identifies kidney injury while creatinine levels remain in 
the normal range. But recent study has shown that it is only 
10% superior to SCR as a diagnostic marker of mild AKI.” 


Hematological Abnormalities 


Anemia is common in AKI. The causes of anemia are 
multiple and include blood loss from trauma, surgical 
procedures and the GI tract. Anemia in AKI may also be 
due to suppressed serum erythropoietin production. The 
other hematological abnormalities that may occur in 
AKI are: leucocytosis, esosinophilia—suggestive of poly 
arteritis nodosa and acute allergic interstial nephritis, 
leukemia and thrombocytopenia—suggestive of SLE. 

Coagulation abnormalities commonly occur in AKI. 
Acute kidney injury is quite frequently associated with DIC 
with thrombocytopenia and raised fibrinogen degradation 
products (FDP). Bleeding diathesis because of DIC and 
functional abnormalities of platelets are also seen in 
severe form of AKI. 
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Electrolyte Abnormalities and Uric Acid Metabolism 


Hyperkalemia, hyponatremia, metabolic acidosis and 
hyperuricalmia are often found in AKI. Hyperkalemia 
with plasma potassium concentration of more than 6.0 
mEq/Lis usually found in AKI with rhabdomyolysis, crush 
injury and tumor lysis syndrome. Metabolic acidosis 
with increased anion gap is a common finding in AKI. 
Metabolic acidosis results from continued production 
of nonvolatile acids and diminished renal excretion. 
Metabolic acidosis with TCo, less than 10 mEq/L is quite 
commonly seen in severe form of AKI associated with 
respiratory distress. 

Hyponatremia is also a common finding in AKI and is 
caused by relative or absolute intake of solute free water. 
Hyponatremia may also be due to sodium loss due to 
vomiting in AKI. Mild hyperuricalmia is also a common 
funding in AKI with serum uric acid more than 9.0 mg/dL. 
But uric acid may rise to 20 mg/dL in severe form of AKI due 
to rhabdomyolysis, heat stroke and hypercatabolic states. 

Hyperphosphatemia, hypocalcemia and hypermagne- 
semia are also commonly associated with AKI, but does 
not require any serious attention unlike hyperkalemia, 
metabolic acidosis and hyponatremia which needs 
immediate correction. 


Novel Markers of Acute Kidney Injury 


Recently, kidney injury molecule (KIM-1), NGAL, inter- 
leukin-18 (IL-18) and cell adhesion molecule (CAM), 
L1 (CD-17.5) are being studied as markers in the early 
detection of AKI. In diagnosing pre-eclampsia increased 
fons like tyrosin kinase-1 (SFLT-1) in the urine in pregnancy 
is also regarded as a new marker in this situation.“ 


Imaging Studies 


Imaging studies in AKI are most important in the emergent 
work-up of suspected postrenal azotemia. 


Renal Ultrasonography 


Renal ultrasonography is the test of choice for urologic 
imaging in the setting of ARE It has excellent sensitivity 
and specificity for detecting hydronephrosis due to 
obstruction, and it can also give valuable information 
other than ruling out obstruction as well. Bipolar renal 
length is easy to assess, and kidneys smaller than 9 cm 
suggest chronic renal disease. Renal parenchyma should 
be isoechogenic or hypoechogenic when compared with 
that of the liver and spleen, hyperechogenicity indicates 
diffuse parenchymal disease.*® 


Color Doppler allows assessment of renal perfusion 
and can allow diagnosis of large-vessel etiologies of AKI. 
In critically ill patients, bedside sonography warrants 
special consideration as it can quickly diagnose treatable 
etiologies of the patient’s condition and give guidance for 
fluid resuscitation. 


Chest Radiography 


Obtain chest radiographs on a routine basis to look for 
evidence of volume overload. Findings of lung infiltration 
can lead to pulmonary/renal syndromes, such as 
Wegener’s granulomatosis and Goodpasture syndrome 
or evidence of pulmonary emboli from endocarditis or 
atheroembolic disease. 


Electrocardiography 


Obtain routine ECGs to look for manifestations of hyper- 
kalemia and arrhythmias, ischemia, and infarction. 


Renal Biopsy 


Renal biopsy is often helpful in finding specific cause of 
intrinsic renal failure; however, it is not an emergency 
procedure. This is reserved for evaluation of AKI when the 
cause cannot be determined. Renal biopsy is especially 
important when glomerular causes of AKI are suspected 
and often helpful in finding a specific cause of renal failure. 


MANAGEMENT OF ACUTE KIDNEY INJURY 


The objective of management is to prevent development 
of AKI in susceptible prerenal conditions from developing 
acute intrinsic AKI, preserve renal function so that patients 
do not develop chronic kidney disease and prevent death. 


Prevention 


The prerenal factors responsible for AKI like hypotension 
should be quickly corrected.” All the experimental and 
clinical studies have shown the importance of volume 
expansion and maintenance of high urine volume protect 
the kidney and prevent prerenal AKI to develop intrinsic 
AKI (ATN) in susceptible patients like contrast media 
induced and pigmenturic AKI. At this stage correction 
of fluid deficit by replacement of water, blood or plasma 
in individual cases is very important. Then correction of 
hyponatremia and judicious use of drugs by avoiding any 
nephrotoxic agent and when in spite of these measures 
patients develop established form of AKI then the following 
conservative/predialytic treatment should be instituted.” 
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Conservative/Predialytic therapy 


Extensive research during the last several decades in 
animals as well as in humans with improved understanding 
of the pathogenesis of AKI has enhanced our knowledge 
by intervening at the cellular level to attenuate AKI. 
Unfortunately although most of the drugs, so far used have 
been found effective in animal experiment, have not been 
so promising in clinical AKI. 

The several complications of AKI are volume over 
load, which may lead to pulmonary edema, infection, 
hyperkalemia, metabolic acidosis, maintenance of 
adequate nutrition and correction anemia are the greatest 
challenges in the management of AKI. Table 139.5 
summarizes the management of AKI. 


Drugs Used in the Prevention of Acute Kidney Injury 


Mannitol 

Mannitol has long been anecdotally totally used as a 
renoprotective diuretic in AKI, particularly in settings of 
exposure to nephrotoxins i.e. cisplastin, amphotericin-B 
and radio contrast agents. But some recent studies does 
not support any such claim. Contrarily, use of mannitol in 
oliguric patients may produce expansion of intravascular 
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volume, pulmonary oedema and hyponatremia making 
the AKI even worse.” 


Loop Diuretics 


In the past loop diuretics particularly frusemide had been 
used in oliguric patients but recent studies have shown that 
high dose frusemide may increase urine output but it did 
not alter the outcome of established AKI, on the contrary it 
may produce irreversible ototoxicity and even increase the 
risk of death and non-recovery from AKI.” 


Calcium Channel Blocker 


Experimental studies showed that CCB, have some 
renoprotective actions. However, in human study no 
convincing data is available for use of CCB in AKI patients 
with any benefit. On the other hand its hypotensive effect 
may be deleterious for patients with AKI.” 


Vasodilators 


Dopamine in renal doses (1-3 mcg/kg per min) increases 
renal blood flowand mayincrease urine output and produce 
natriuresis. But prospective randomized controlled trials 


Table 139.5: Summary of treatment of acute kidney injury and its complications 


Type Complication 


Prerenal Dehydration and hyponatremia . 


Volume overload . 


Treatment 


Replacement of water and salt 
Restriction of water and salt 
Consider loop diuretic 


e Restriction of dietary potassium 
e Calcium gluconate (10 mL 10% solution given over 5 minutes) 
e Insulin and glucose (50 mL 50% glucose with 10-15 units soluble insu- 


Hyperkalemia 


Metabolic acidosis So 


lin over 3-5 minutes) 

Followed by 10% glucose 50-100 mL with 15 units of soluble insulin) 
Sodium bicarbonate 50 mEq/vial (50-100 mEq given IV over 5 minutes) 
Potassium binding resin (kayealate) (15-30 gm with water orally or 

60 gm with 200 mL water rectally as enema 


dium bicarbonate when HCO, < 15 mEq/L (50-100 mL IV) 


Postrenal 


Nutrition 
Drug 


Bleeding and anemia 


Primary renal disorder, i.e. GN, acute tubulo 
interstitial nephritis 

Hypocalcemia, hyperphosphatemia and 
hypomagnesia 


Mostly acute or chronic 


Maintain adequate nutrition by giving at least 35 kcal/kg body weight per 
day 

Adjust drug doses on the basis of glomerular filtration rate and avoid 
nephrotoxic drugs 


To be treated by fresh blood transfusion or packed red blood cells 
Steroid and immunosuppressive agents 


Usually does not require therapy 


Require help of urologist 
Dialysis 
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have failed to show any benefit of dopamine in AKI patients 
rather it adversely affects T-cell function, causes mucosal 
hypoxia and is arrhythmogenic. Therefore, dopamine 
should not be used routinely in AKI patients.” 


Natriuretic Peptides 


Natriuretic peptides are hormones secreted by atrium of the 
heart, i.e. atrial natriuretic peptide (ANP) and also by brain 
and ventricles of the heart, i.e. brain natriuretic peptide 
(BNP). Atrial natriuretic peptide and brain natriuretic 
peptide have renal vasodilator effects and also reduces the 
activation of renal angiotensin aldosterone system. Both 
recombinant human ANP (ularitide) and recombinant 
human BNP (nesiritide) have been found useful in animal 
studies are currently being studied in humans, particularly 
in systematic decompensated heart failure patients. Future 
studies will shows their role in the prevention of AKI in 
patients with cardiac failure and also in cardiac surgery. 


N-Acetylcysteine 


N-Acetylcysteine (NAC), a thiol-containing antioxidant has 
been found to attenuate AKI in ischemic renal failure in 
animal. Several studies have shown that NAC when used 
with isotonic saline has a better effect in preventing AKI in 
contrast, induced nephropathy (CIN), compared to saline 
alone. However, NAC is only currently being studied for its 
prophylactic perioperative benefit for the prevention of AKI 
in cardiac surgery patients. N-Acetylcysteine can be used 
orally 60 mg twice daily before the procedure and in critically 
ill patients 150 mg/kg in 500 mL saline intravenously. 
However, in a recent study, NAC was not found to be effective 
in the prevention of AKI after cardiac surgery.’ 


Other Vasoactive Drugs 


Theophyline, endothelin receptor blocker, nifedipine, 
captopril, prostaglandin-E and erythropoietin have 
been tried without tangible benefit to prevent AKI in the 
clinical setting. Similarly use of statins, though found to 
be beneficial in cardiac procedures like percutaneous 
coronary intervention (PCI) and coronary artery bypass 
grafting (CABG) with lower 3% incidence of AKI is CIN 
compared to 27% in nonstatin group. In a recent study 
statins were found to have no beneficial effect on renal 
outcome undergoing major vascular procedures.” 


Fenoldopam 


Fenoldopam is a selective postsynaptic dopamine agonist 
and is more potent renal vaso dilator than dopamine. 


However, although earlier studies in human showed 
some benefit, subsequent large controlled studies did 
not substantiate that it has any benefit in reducing the 
mortality and the need for dialysis in ICU patients.” 


Growth Factors and Intercellular Adhesion Molecules 


Currently studies are going on with growth factors: EGE HGF 
and Ig insulin growth factor (IGF-1) and also ICAM-1 for its 
effect on AKI particularly in regenerative/recovery stage of 
AKI.” 


Specific Drugs for Primary Nephrological Disorder 


When AKI is due to primary nephrological disorders, 
i.e. different form of GN, autoimmune diseases or 
acute interstitial nephritis the use of steroid and 
immunosuppressive drugs along with other nondialytic, 
and ifindicated dialytic form of therapy should be instituted. 


RENAL REPLACEMENT THERAPY 


Indications for dialysis are shown in Table 139.6. There are 
three principal modes of dialysis: peritoneal dialysis (PD); 
acute intermittent hemodialysis (AIH) and; continuous 
renal replacement therapy (CRRT). 


Peritoneal Dialysis 


Intermittent PD has largely been replaced by hemodialysis 
in the developed countries. But, because it is simple and 
relatively needs low technique and can be made easily 
available in remote areas of developing countries where it 
is still useful mode of dialytic therapy for AKI, particularly 
in children. Its advantage is that it does not produce 
hypotension and is effective except in hypercatabolic AKI 
and patients with sepsis.™ 


Table 139.6: Indications for renal replacement 
therapy—dialytic therapy of acute kidney injury 


Fluid overload 

Pericarditis 

Encephalopathy (confusion, coma and seizures) 
Hyperkalemia (serum K > 6.5 mEq/L) 


Metabolic acidosis (TCO, < 12 mEq/L) 

Severe hyponatremia (Na < 120 mEq/L) 

Severe uremic bleeding 

Hypercatabolic state (increase in SCR greater then 2.0 mg/dL 
per day 

Serum creatinine > 600 mEq/L 

Toxin removal 
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Acute Intermittent Hemodialysis 


Acute intermittent hemodialysis has been widely used for 
the treatment of AKI all over the world during the last 40 
years. Although there has been controversy as when to start, 
how long to continue. As regards the vascular access the 
femoral vein catheterization seems to be technically easy 
and relatively free of complications compared to jugular and 
subclavian catheterization. The usual dose of dialysis is for 
3-4hours daily/alternate days. Anti-coagulationis done with 
heparin in most cases. In patients with bleeding tendencies 
methods like regional heparinization, use of low-molecular 
weight heparin as a bolus may be used in the beginning 
of dialysis. Heparin free dialysis can also be performed by 
reusing the dialyzer with a heparinized solution (3,000 U/L) 
and increasing the blood flow to 250-300 mL/min. The major 
complications like disequilibrium syndrome with nausea, 
vomiting, headache and convulsion have become rare but 
intra-dialytic hypotension is quite common and usually 
treated with rapid infusion of 250-500 mL normal saline. 
The use of synthetic biocompatible dialysis membrane may 
be better than the conventional cellulose membrane as 
activation of complement system is rare with the synthetic 
membrane like polysulphone and polyacrylonitrile.™ 


Continuous Renal Replacement Therapy 


This form of therapy is recommended mostly in ICU 
patients with severe form of AKI multiorgan involvement, 
hemodynamically unstable, hypercatobolic and critically 
ill patients. There are several modes of RRT such continuous 
arteriovenous hemodialysis (CAVHD), continuous 
veno-venous hemofiltration (CVVH), continuous veno- 
venous hemodialysis (CVVHD) and a combination called 
continuous veno-venous hemodiafiltration (CVVHDF). 
Out of these CVVHD is the frequently used form of RRT in 
critically ill patients. The disadvantage in the availability of 
machine, technical know how and the cost, particularly in 
developing countries. 

In spite of the use of CRRT in critically ill patients, 
the mortality rate remains very high.” An alternative to 
this high-tech, higher cost mode of therapy is the use of 
slow, low efficiency, prolonged (12 hours) daily dialysis. 
The development of this alternative seems promising 
particularly in the developing countries. In the meantime, 
research is going on to produce bioartificial kidney using 
“cell therapy” so that instead of removal of water and 
solutes by all these dialytic modalities, the other functions 
of kidney such as absorptive metabolic, endocrine and 
immunological functions can be carried out. 


Prognosis 


In spite of the phenomenal progress made in 
understanding the pathophysiology and management 
of AKI, over all mortality rate remains high (50%). The 
mortality rate is low among the community acquired AKI 
at around 10% compared to 50-80% mortality among the 
hospital acquired AKI particularly in ICU patients. The 
reason may be age and multiorgan involvement. Mortality 
rates differ depending on the cause of AKI, as well as the 
geographical location. In West, mortality rate in obstetric 
cases is about 15%, 30% in toxin related AKI and 60-90% 
in elderly patients with severe infection.'"'* Although hard 
data is difficult to come by in the developing countries, the 
mortality rate among children in South-Asia (Bangladesh 
and India) suffering from anuric ARF due to ingestion of 
diethylene glycol mixed paracetamol exlixir was around 
90%. The mortality rate in even the community acquired 
AKI in developing countries due to pregnancy related AKI 
also seems to be high in developing countries because of 
late referral and sepsis. 
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PRELUDE 


Harun-ur-Rashid 


Chronic kidney disease (CKD) needing the renal 
replacement therapy like dialysis or transplantation 
is known as end-stage renal disease (ESRD). Diabetic 
nephropathy and hypertension is the leading cause of CKD 
in the United States and in Europe. Glomerulonephritis as 
a cause of ESRD is decreasing everywhere in world. The 
genetic kidney disease such as polycystic kidney disease 
occurs approximately in 2-3%. 

The patients with ESRD are commonly encountered 
with problems related to the metabolic complications 
of their renal disease. The patients with CKD and ESRD 
often present with unrelated condition and may present 
with comorbid conditions of which the high incidence of 
cardiovascular disease is recognized. 


PATHOPHYSIOLOGY 


Most systems are affected by renal failure. The prevalence and 
severity of symptoms is an index of the degree of deterioration 
of the renal function. The glomerular filtration rate (GFR) is 
about 120 mL/min in a healthy adult. When the GFR falls to 
less than approximately 30% of normal, symptoms of uremia 
may begin to occur and they are invariably present when 
the GFR decreases to less than 15%. Measurement of GFR 
requires a timed urine collection as well as measurement of 
serum creatinine. However, it can be accurately estimated 
from patient’s age, weight, gender and serum creatinine level. 
Online calculators are available to calculate eGFR. 

The signs and symptoms of renal failure are due to 
overt metabolic derangements resulting from inability 
of failed kidneys to regulate electrolyte, fluid and acid- 
base balance; they are also due to accumulation of toxic 
products of amino acid metabolism in the serum. 


Gastrointestinal Symptoms 

It may include anorexia, nausea, vomiting and hiccups. 
Peptic ulcer disease and dyspeptic symptoms are common 
in patients with CKD. Malnutrition is common due to 
anorexia and digestive problems. 


Chronic Kidney Disease 


Neurologic Symptoms 


The peripheral neuropathy and restless legs syndrome are 
the most common neurological complications of ESRD. 
The seizures may occur due to uremia and the prevalence 
of stroke is increased. 


Hematologic Symptoms 


The anemia is inevitable in CKD because of loss of erythro- 
poietin production. The abnormalities in white cell and 
platelet functions lead to increased susceptibility to 
infection, and easy bleeding and bruising. 


Dermatologic Signs 


Pruritus isa common dermatologic complication assumed to 
be secondary to hyperparathyroidism or other accumulation 
of toxic pigments. It can also be due to secondary infection. 


Metabolic/Endocrine Signs 


The volume overload occurs when salt and water intake 
exceeds losses and excretion and this causes congestive 
heart failure (CHF) and exacerbates hypertension. The 
hyperkalemia is the most common life-threatening 
metabolic complication of renal failure and may develop 
suddenly when GFR is severely reduced. The anion gap 
acidosis results from decreased hydrogen ion excretion 
and may exacerbate hyperkalemia. The hypocalcemia 
results from loss of vitamin D and increased parathyroid 
hormone levels. Sometimes, hypermagnesemia also may 
occur. Frequently, hypothyroidism is seen and many of the 
symptoms overlap with the symptoms of uremia. 


Cardiac Signs 


The volume overload may cause CHF and pulmonary edema. 
The hypertension contributes to cardiovascular disease. The 
dyslipidemia is a primary risk factor for cardiovascular disease 
and a common complication of ESRD. The development of 
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uremia may also lead to pericardial effusion and in rare cases, 
pericardial tamponade. Pericarditis is much more common 
in the inadequately treated patients. The cardiovascular 
mortality is 10-20 times higher in dialysis patients than 
in the normal population, and both CKD and ESRD are 
independent risk factors for heart disease. 


Infection 


The uremia depresses the immune system and ESRD 
patients are at increased risk of bacterial infection. The 
patients who have received renal replacement may 
experience recurrent infection. 


Race 


The etiology of ESRD differs among racial groups primarily 
because of the prevalence of predisposing conditions, 
such as diabetes and hypertension. 


Sex 


The presentation and treatment of CKD and ESRD do not 
differ significantly between men and women. Differences 
in causes of renal failure are related to the types of 
underlying conditions prevalent in men and women. 


Age 


TheetiologyofCKD differs among age groups; presentations 
and nature of complications are similar. Heredofamilial 
renal disease and congenital abnormalities of kidney and 
urinary system occur at earlier stages. Glomerulonephritis 
usually occurs at earlier and middle age groups, while 
diabetes and hypertension occur in late middle age. 


History and Clinical Symptoms 


Chronic kidney disease produces no symptoms early in the 
course of the disease but the symptoms of the underlying 
illness may bring the patient to medical attention and 
renal insufficiency is noted on laboratory testing. Chronic 
kidney disease potentially affects all systems. History of 
the presenting disorder like diabetes, hypertension and 
glomerulonephritis is important. Other systemic vascular 
diseases are also important. History of taking analgesic, 
antibiotic, herbal medicine can give important evidence 
for diagnosis of CKD. In advanced stages, nausea, anorexia, 
vomiting, anemia, shortness of breath, purities, aliguria, 
polyuria, drowsiness, coma and convulsion can occur 
and hypertension is usually present and if advanced, 
cardiovascular accident and left ventricular failure with 


pulmonary edema may occur. The myocardial ischemia or 
infarction is common in patients with ESRD; consider this 
diagnosis particularly in diabetic and hypertensive patients. 


Physical Examination 


Chronic kidney disease produces no specific physical 
findings. Except anemia, physical sign is attributable to 
system involvement. In patients with glomerulonephritis, 
edema is a common sign. Hypertensive patients usually 
show signs of left ventricular function (LVF) while diabetic 
showed retinopathy and neuropathy. 


WORK-UP 
Laboratory Studies 


The examination of urine is most important for diagnosis 
of CKD. Presence of albumin on labstics, microscopic or 
macroscopic hematuria, presence of white blood cell (WBC) 
and various casts are important clues for diagnosis of CKD. 

Blood urea nitrogen (BUN) and serum creatinine are 
elevated chronically in patients with CKD and ESRD and in 
patients who are not on dialysis, the degree of elevation of 
serum creatinine reflects the degree of renal impairment. 
The elevations of BUN and creatinine alone in patients 
with ESRD do not require emergency treatment unless 
there is metabolic acidosis and hyperkalemia. 

The baseline anion gap metabolic acidosis is typical 
in patients with CKD, who have a decreased ability to 
excrete acid and these patients are very prone to develop 
severe acidosis when under physiologic stress [e.g. sepsis, 
myocardial infarction (MI), trauma]. 

The shortness of breath in patients with CKD may be 
due to respiratory compensation for acidosis. In CKD 
anemia is invariable in patients with CKD due to low 
erythropoietin production. 

Abnormal metabolism of calcium, phosphate started 
to occur when GFR is less than 60 mL/min. Low calcium, 
high phosphate, high parathyroid hormone (PTH) occurs 
in patients with CKD. If untreated, further abnormalities 
worsen the disease and can lead to bone metabolic syndrome 
(BMS) further leading to osteomalacia, hyperparathyroidism 
and vascular calcification. Routine estimation of calcium, 
phosphate, uric acid and PTH is therefore important in 
patients with CKD. Moreover, the development of secondary 
hyperparathyroidism in CKD is viewed on a disruption of 
endocrine parathyroid hormone vitamin (Vit) axis. The 
active metabolite of vitamin D, is synthesized by the rate 
limiting enzyme 25-hydroxy vitamin D,-1a-hydroxylase in 
the epithelial cells of the proximal tubule. Vitamin D, exerts 
negative feedback inhibition on the parathyroid gland. 
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Presence of abnormal bleeding is primarily due to 
abnormal platelet function is common in patients with 
CKD. The prothrombin time (PT) and activated partial 
thromboplastin time (aPTT) usually are normal. If 
necessary, measurement of bleeding time is the best way 
to determine hemostatic competency. 

The episodes of pancreatitis occur with increased 
frequency in patients with ESRD. 

For cardiac-specific markers, such as creatine phospho- 
kinase-MB (CPK-MB) mass assays or cardiac troponins 
(I and T), may be more useful when MI is suspected. The 
asymptomatic patients with ESRD are more apt to have 
elevated levels to troponin (Tn)T than of TnI. Significance of 
these elevations is unclear but may be a marker for long-term 
cardiac risk. Patients with atypical symptoms, comparison 
with a baseline value may be very useful when it is available. 

The infection should be suspected in patients who 
present with febrile illness. The patients are at increased 
risk of infection because of immunosuppressive effects of 
uremia. Urine and blood cultures should be ordered when 
these patients presents with febrile illnesses. The chest 
X-ray is also mandatory. 


Imaging Studies 


Imaging studies in patients with CKD or ESRD are ordered 
as indicated by the presenting complaint. Contrast material 
given enterally, in retrograde urologic studies, or both is not 
significantly nephrotoxic and may be used in patients. Studies 
involving iodinated intravenous (IV) contrast may proceed in 
patients with CKD who have mild renal impairment. 

Nephrotoxic effects of IV contrast must be considered 
in patients who are not yet on dialysis or who have 
received a transplant. Renal toxicity defined by increased 
serum creatinine more than 25% occurs in about 2-7% of 
patients given IV contrast. The most significant risk factor 
is pre-existing renal insufficiency. Congestive heart failure, 
dehydration and advanced age also increase the risk. Dialysis 
patients do not need extra sessions or dialysis immediately 
following contrast administration. 

Studies suggest that renal protection can be achieved 
with IV acetylcysteine and hydration prior to the 
intravenous urogram study. 

Bicarbonate has also been effective in some studies. 
The regimens used vary.’ When feasible; consider a 
protective regimen for high-risk patients. 

Concerns about precipitating metabolic acidosis when 
IV contrast is administered to patients taking metformin, 
especially in patients with renal insufficiency, have been 
raised. The basis is that if contrast precipitates, acute 
metformin levels will rise to a potentially dangerous 
level causing metabolic acidosis. The incidence of this is 
uncertain. However, it is clear that in emergency, IV contrast 


is not contraindicated for patients taking metformin. 
Metformin should be withheld for 48 hours after IV contrast. 
The current metformin package insert states that metformin 
should be “reinstituted only after renal function has been 
re-evaluated (at 48 hours) and found to be normal.” 

Gadolinium-based contrast materials used for certain 
MRI studies are associated with a rare condition called 
nephrogenic systemic fibrosis (NSF) in patients with 
severe renal disease. No effective treatment for NSF exists. 

The relative risk of developing this condition has been 
reported as 22.2 in patients who receive a gadolinium- 
based agent.’ One population-based study found the 
incidence of NSF as 4.3 cases per 1000 patient-years. Each 
radiologic study using gadolinium presented a 2.4% risk for 
NSF. The association between gadolinium exposure and 
NSF was highly significant. The authors concluded that 
gadolinium-based contrast exposure is a major risk factor 
for NSF in the ESRD population.’ A recent meta-analysis 
concluded that “(gadolinium based contrast) should be 
used only after assessment of risks and benefits in patients 
with renal impairment in accordance with FDA and ACR 
recommendations.” There may be differences in the risk of 
certain agents over others and there may be arelationship to 
dose as well. Chronic kidney disease in advanced stage and 
ESRD should be considered relative contraindications to 
the use of gadolinium-based contrast. Informed consent 
should be obtained. 


Electrocardiography 


The ECG may be useful in diagnosis of suspected 
hyperkalemia. High peaked T-waves are a relatively 
specific finding, although this is not a very sensitive test 
for hyperkalemia in the setting of CKD. The widening of 
the QRS complex indicates severe hyperkalemia and must 
be treated aggressively and rapidly. Similar “hyperacute” 
T-waves may be seen early in acute MI. The ECG below 
shows large T-waves and wide QRS complex. 


MANAGEMENT OF CHRONIC KIDNEY DISEASE 
AND END-STAGE RENAL DISEASE 


When eGFR is below 15 mL/min per sqm, it is known 
as ESRD or stage V CKD. Treatment at this stage is 
renal replacement therapy, either dialysis or renal 
transplantation. Many patients can be presented with 
terminal stage of ESRD with LVF, hyperkalemia, metabolic 
acidosis, pericarditis and CHF. Immediate hemodialysis or 
acute peritoneal dialysis is necessary in order to save life. 
Jugular or subclavian catheter can be used for emergency 
dialysis and patient is prepared for permanent vascular 
access in forearm. Avoid IV injection in vascular access site in 
the arm or forearm. The emergencies in patients with CKD is 
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generally treated as in all other patients. The cardiac arrest in 
patients with CKD maybe due to hyperkalemia. The treatment 
of hyperkalemia is done empirically with IV calcium and 
bicarbonate while awaiting laboratory confirmation. It may 
be necessary to consider pericardiocentesis if tamponade is 
suspected. The pulmonary edema is frequent in renal failure 
and is usually due to volume overload. 

The volume overload is best treated by hemodialysis 
or by use of hypertonic dialysate in CAPD patients. The 
nitrates administered by the sublingual, topical or IV 
routes are effective in the usual doses. Loop diuretics (e.g. 
furosemide) may be effective at promoting diuresis in 
patients with residual renal function. 

Hypertension in patients with renal failure (as in other 
patients) requires treatment in and of itself. For myocardial 
ischemia or hypertensive encephalopathy, usual treatments 
may be used with appropriate dosage adjustment and 
dialysis may be needed if hypertension is due to volume 
overload. Addition of nitroprusside may be used to treat 
severe hypertension in patients with renal failure. 

Hypotension in dialysis patients may be due to bleeding, 
cardiac dysfunction, sepsis and excess fluid removal. 
Administration of IV isotonic saline in small bolus doses 
(~ 200 mL) may be used for treatment. The bleeding may be 
due to uremic coagulopathy or from anticoagulation during 
hemodialysis. In the latter case, the heparin effect may be 
reversed with protamine. Use of desmopressin (DDAVP) 
by nasal, subcutaneous or IV routes and cryoprecipitate 
are effective in correction of uremic coagulopathy. 


Medication 


Most of medications are cautiously used in patients with 
CKD. The initial dosages are adjusted with adjustments 
made in dosage or frequency of subsequent treatments 


to account for changes in metabolism and excretion 
secondary to renal disease and stages of CKD. The patients 
with renal insufficiency are often on multiple medications; 
consider possibility of drug interactions. 


Electrolyte Supplements 


Hyperkalemia, hypokalemia, hyponetremia and metabolic 
acidosis should be appropriately treated. 


Sodium Bicarbonate 


The alkalinization, induced by increased sodium 
bicarbonate concentrations, may cause decreased levels 
of lithium, tetracyclines, chlorpropamide, methotrexate 
and salicylates; increases levels of amphetamines, 
pseudoephedrine, flecainide, anorexiants, mecamylamine, 
ephedrine, quinidine and quinine. 


Sodium Polystyrene Sulfonate (Kayexalate) 


The exchange of sodium for potassium and its binding in 
the gut, primarily in large intestine decreases total body 
potassium. The caution should be taken when administering 
to patients who can be affected adversely by small increase 
in sodium load, such as those with severe hypertension, 
severe CHF or marked edema; constipation with possibility 
of fecal impaction may occur and should be treated with 
10-20 mL of 70% sorbitol every 2 hour or as necessary to 
produce at least 1-2 watery stools daily (Table 140.1). 


Phosphate Binders, Oral 


These agents decrease gastrointestinal (GI) phosphate 
absorption. 


Table 140.1: Staging system and action plan for chronic kidney disease 


Description 


GFR Action 


(mL/min per 1.73 m°) 


At increased risk for CKD 


Kidney damage with normal or increased GFR 290 


Mild decrease in GFR 
Moderate decrease in GFR 
Severe decrease in GFR 
Kidney failure 


60-89 
30-59 
i529) 


> 90 with risk factors 


< 15 or dialysis 


Screening CKD risk reduction 


Diagnosis and treatment Slow progression of 
CKD treat comorbidities 
Cardiovascular disease risk reduction 


Estimate progression 

Evaluate and treat complications 
Prepare for renal replacement therapy 
Replacement if uremic 


Source: Adapted from National Kidney Foundation (NKF) Kidney Disease Outcome Quality Initiative (K/DOQI) advisory Board. K/DOQI clinical practice 
guidelines for chronic kidney disease: evaluation, classification, and stratification. Kidney disease Outcome Quality Initiative. Am J Kidney Dis. 2002;39(2 


Suppl 2):S65. With permission from Elsevier Science 
Abbreviations: CKD, chronic kidney disease; GFR, glomerular filtration rate. 
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Lanthanum Carbonate (Fosrenol) 


The use of noncalcium, nonaluminum phosphate 
binder indicated for reduction of high phosphorus 
levels in patients with end-stage renal disease. It 
directly binds dietary phosphorus in upper GI tract, 
thereby inhibiting phosphorus absorption. Initial 
dose: 250-500 mg PO tid pc (chewable tabs); adjust 
dose q2-3 week to target serum phosphorus level 
maintenance: 500-1000 mg PO tid pc. The common 
adverse effects typically diminish over time but include 
headache, abdominal pain, nausea, diarrhea, constipation 
and vomiting, caution with GI motility diseases (e.g. 
Crohn’s disease, ulcerative colitis) or recent GI surgery. 


Sevelamer Hydrochloride (Renagel) 


It may lower serum phosphate to near normal levels in 
hemodialysis patients as effectively as calcium acetate 
without inducing hypercalcemia or increased aluminum 
levels. The polymer forms ionic and hydrogen bonds with 
phosphates and bile acids to promote fecal excretion. Adult 
dose recommended is 2.4-4.8 g PO divided tid with meals. 


Recombinant Human Erythropoietins 


Recombinant human erythropoietin may stimulate develop- 
ment of erythroid progenitor cells. It is used in the treatment 
of anemia associated with chronic kidney disease and ESRD. 


Epoetin Alfa 


It may be indicated for the treatment of anemia associated 
with CKD. It may stimulate division and differentiation of 
committed erythroid progenitor cells; induces release of 
reticulocytes from bone marrow into blood stream. Doses 
50-100 U/kg IV/SC 3 times/week initially; reduce dose by 
25 U/kg when hematocrit approaches 36% or increases 
more than 4 points in any 2 week period; increase dose if 
hematocrit does not increase by 5-6 points after 8 week of 
therapy and hematocrit is below suggested target range 
(suspected range is 30-36%). 


Darbepoetin Alfa (Aranesp) 


Use of the erythropoiesis stimulating protein is closely 
related to erythropoietin, a primary growth factor produced 
in kidney that stimulates development of erythroid 
progenitor cells. It is indicated for the treatment of anemia 
associated with chronic renal failure. The mechanism of 
action is similar to that ofendogenous erythropoietin, which 
interacts with stem cells to increase red cell production. 


It may differ from epoetin alfa (recombinant human 
erythropoietin) in containing five N-linked oligosaccharide 
chains, whereas epoetin alfa contains three N-linked 
oligosaccharide chains. It has longer half-life than epoetin 
alfa (may be administered weekly or biweekly). Doses: 0.45 
mcg/kg IV/SC q week initially; adjust dose (not to exceed 3 
mcg/kg per week) or frequency (e.g. q2 week); to maintain 
target Hb (not to exceed 12 g/dL); switching from epoetin 
alfa: base dose on total weekly erythropoietin dose and 
frequency of administration. 
It include actions from preceding stages. 


Risk factors: Hypertension, dyslipidemia, diabetes 
mellitus, anemia, systemic lupus erythematosus, chronic 
analgesic ingestion. 


Kidney damage manifested by abnormalities noted on 
renal pathology, blood, urine or imaging tests. 


Delaying the Progression of Chronic Kidney Disease 


e Care and treatment of the underlying condition, if 
possible. 

e Quick and aggressive blood pressure control to target 
values per current guidelines. Systolic blood pressure 
control is considered more important and is also 
considered difficult to control in elderly patients 
with CKD. 

e Use ofangiotensin converting enzyme (ACE) inhibitors 
or angiotensin receptor blockers as tolerated, with 
close monitoring for renal deterioration and for 
hyperkalemia [avoid in advanced renal failure, bilateral 
renal artery stenosis (RAS), in a solitary kidney]. Data 
support the use of ACE inhibitors/angiotensin receptor 
blockers in diabetic kidney disease with or without 
proteinuria. However, in nondiabetic kidney disease, 
ACE inhibitors/angiotensin receptor blockers are 
effective in retarding the progression of disease among 
patients with proteinuria of more of than 500 mg/day. 

e Quickand aggressive glycemic control per the American 
Diabetes Association (ADA) recommendations (target 
HbA e < 7%). 

e Dietary protein restriction: Although the Modification 
of Diet in Renal Disease (MDRD) Study failed to show 
the effect of protein restriction in retardation of the 
progression of kidney disease, a meta-analysis suggests 
a beneficial role for protein restriction. 

e Treatment of hyperlipidemia to target levels per 
current guidelines. 

e Avoidance of nephrotoxins: IV 
nonsteroidal anti-inflammatory 
aminoglycosides 

e Smoking cessation, as smokers tend to reach ESRD 
earlier than nonsmokers. 


radiocontrast, 
agents, 
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MANAGEMENT OF THE COEXISTING DISEASE OR 
ABNORMALITIES IN CHRONIC KIDNEY DISEASE 


e Anemia may be corrected with erythropoietin, 
with the goal being 11-12 g/dL, as normalization 
of hemoglobin in patients with CKD stages 4-5 has 
been associated with an increased risk of combined 
outcome. Iron stores should be checked and the aim 
is to keep iron saturation at 30-50% and ferritin at 
200-500. 

e Hyperphosphatemia with dietary phosphate binders 
and dietary phosphate restriction. 

e Hypocalcemia with calcium supplements with or 
without calcitriol. 

e Hyperparathyroidism with calcitriol or vitamin D 
analogs. 

e Volume overload with loop diuretics or ultrafiltration. 

e Metabolic acidosis with oral alkali supplementation. 

e The uremic manifestations with chronic renal 
replacement therapy (hemodialysis, peritoneal 
dialysis, or renal transplantation and the GFR less than 
10 mL/min. The indications include severe metabolic 
acidosis, hyperkalemia, pericarditis, encephalopathy, 
intractable volume overload, failure to thrive and 
malnutrition, peripheral neuropathy, intractable 
GI symptoms. 

e The cardiovascular complications should be managed 
with appropriate measures. 


Timely Planning for Chronic Renal 
Replacement Therapy 


e Health education regarding natural disease 
progression, different dialytic modalities, renal 
transplantation, patient option to refuse or discontinue 
chronic dialysis. 

e Prophylactic creation of permanent vascular access 
(arrange for surgical creation of primary arteriovenous 
fistula, if possible, and preferably at least 6 months in 
advance of anticipated date of dialysis). 

e Prior or timely elective peritoneal dialysis catheter 
insertion. 

e Elective or timely referral for renal transplantation. 


MORTALITY/MORBIDITY 


The patients in renal failure are prone to all of the 
complication of any underlying condition, such as diabetes 
and hypertension and in addition, renal failure causes a 
variety of metabolic and physiologic derangements. 


Most common cause of sudden death in patients 
with ESRD is hyperkalemia, which is often encountered 
in patients after missed dialysis or dietary indiscretion. 
The serum potassium also rises when the serum is acidic, 
even though total body potassium is unchanged. The 
hyperkalemia is usually asymptomatic and should be 
treated empirically when suspected and when arrhythmia 
or cardiovascular compromise is present. 

The iatrogenic complications related to fluid 
administration (fluid overload) or medications are frequently 
encountered in patients in renal failure. The cardiovascular 
mortality is 10-30 times higher in patients than in the normal 
population. The anemia results in fatigue/ reduced exercise 
capacity, decreased cognition, and impaired immunity. 


PREVENTION 


By avoiding, dehydration and replacement of nephrotoxic 
drugs may minimize further declines in renal function 
in patients with pre-existing renal insufficiency or with a 
renal transplant. Care and treatment of conditions, such 
as hypertension, diabetes or hyperlipidemia, will delay or 
prevent the prognosis of CKD. 


COMPLICATIONS 


e Anemia 

e Hyponatrimia and hyperkalemia 

e Changes in calcium and phosphorus metabolism, 
acidosis 

e Lipid disorders 

e Pericarditis 

e Serositis 

e Gout 

e Hyperthyroidism, accelerated hypertension 

e Infertility, impotence, spontaneous abortion 

e Bleeding, GI mucosal ulcerations. 


PROGNOSIS 


Mortality of CKD depends on cause, presence of 
cardiovascular disease and control of comorbid conditions. 
Chronic kidney disease is the most important risk factors 
for premature death before reaching ESRD. CUD increased 
2-3% at GFR of 60 mL/min and 36% at GFR of 15 mL/min. 
Other risk factors are uncontrolled diabetes, hypertension, 
anemia, renal disease, hyperlipidemia, smoking habit 
and sedentary activities. If renal replacement is not 
initiated at GFR less than 10 mL/min, mortality is 100%. 
Patients usually die of pulmonary edema, fluid overload, 
hyperkalemia, metabolic acidosis, coma and convulsions. 
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PRELUDE 


The issue of immunosuppression after solid organ trans- 
plantation is complex. Better graft survival rates depends 
on the carefully designed immunosuppressive therapies. 
But it is also important to tailor treatments to meet the 
individual patient’s characteristics and to balance the risks 
and benefits of these medications. The ability to prolong life 
by transplanting organs had long been a dream of medical 
practitioners. Early efforts at organ transplantation were not 
successful because of inadequacies in surgical technique 
and lack of fundamental knowledge of the immune system. 


HISTORY 


The unsuccessful attempt at transplanting a cadaveric 
kidney in 1933 is recorded. Initial immunosuppression was 
performed with total bodyradiation, butno patient survived. 
Following this experience steroids alone were then used but 
without any success. Development of 6-mercaptopurine 
(Purinethol), followed by azathioprine (Imuran) in the 
early 1960s, pharmacological immunosuppression became 
the standard of care. Following the first initially successful 
series of transplantations performed between 1962 and 
1964 in Denver, Colorado, the combination of azathioprine 
and steroids came into widespread use and became part of 
the primary. 

Polyclonal antilymphocyte globulin was used in 
1967 and spawned the development of other polyclonal 
and monoclonal antibodies. In the 1980s, cyclosporine 
(Sandimmune and, later Neoral), a calcineurin inhibitor, 
was used in combination with azathioprine and steroids and 
was credited with a dramatic improvement in graft survival. 

Further advance came in 1994 with the introduction 
of mycophenolate mofetil [MMF (CellCept)]. When tacro- 
limus (another calcineurin inhibitor) became available in 
1994, debate followedregardingwhichcalcineurininhibitor 
was superior. Tacrolimus has gradually gained popularity 
over cyclosporine in many centers and eventually, MMF 
rapidly replaced azathioprine almost universally. Further 
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development with sirolimus (Rapamune), a macrolide 
antibiotic, was recently developed and released and the 
exact role is still to be defined. The major aim of current 
immunosuppression protocols and trials is to diminish 
the use of steroids or to avoid their use. 


DRUGS USED FOR IMMUNOSUPPRESSION 


Azathioprine 


Azathioprine is a derivative of 6-mercaptopurine. 
It functions as an antimetabolite to decrease DNA 
and RNA synthesis and is used for maintenance 
immunosuppression. 

Mycophenolate has largely replaced azathioprine 
in developed countries. As azathioprine is an expensive 
agent, therefore it is expected to continue to have a role 
in transplantation in combination with cyclosporine in 
developing countries where cost of immunosuppression 
is a major determining factors. Azathioprine is given in a 
dose of 1.5-2.5 mg/kg per day as a single daily dose. 

Side effects may include leukopenia, thrombocytopenia, 
gastrointestinal (GI) difficulties, hepatitis, cholestasis, and 
hair fall. Complete blood count (CBC) counts and pancreatic 
and liver enzyme levels should be monitored. Metabolites of 
Azathioprine are excreted in urine, they are inactive and no 
dosage reduction even in nonfunctioning kidney. 


Corticosteroids 


Corticosteroids prevent interleukin (IL)-1 and IL-6 
production by macrophages and inhibit all stages of T-cell 
activation. This agent is used for induction, maintenance 
immunosuppression, and acute rejection. Used initially 
in high (100 mg/day) reducing to maintenance dose of 20 
mg/day over 6-9 months and after 6 months maintenance 
dose is 7.5-10 mg/day. 

Adverse effects include Cushing’s disease, bone disease 
(e.g. osteoporosis, avascular necrosis), cataracts, diabetes, 
infections, hyperlipidemia, and growth retardation. 
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Cyclosporine 


It became available in early 1980s, revolutionized kidney 
transplantation primarily by markedly reducing the loss of 
kidney from acute rejection in first 3 months. The drug is a 
polypeptide of 11 amino acids of fungal origin and is active 
against helper T cells, preventing the production of IL-2 
via calcineurin inhibition (binds to cyclophilin protein). 
The cyclosporin is used for induction and maintenance 
immunosuppression. The calcineurin normally exerts 
phosphatase activity on the nuclear factor ofactivated T cells 
and then migrates to the nucleus to start IL-2 transcription. 
Cyclosporine and tacrolimus were associated with similar 
rates of graft survival, but several studies showed lower 
rates of rejection episodes with tacrolimus.*” 

The side effects may include nephrotoxicity and may 
occur with three stages: 

1. Immediate, secondary to renal ischemia 

2. Two to three weeks after transplantation, secondary to 
renal vasoconstriction and 

3. Chronic, secondary to interstitial nephritis. 

Other side effects may include nausea, vomiting, 
diarrhea, hypertrichosis, abnormal hair growth, gingival 
hyperplasia, hyperlipidemia, glucose intolerance, 
infection, malignancy, hyperkalemia, hypomagnesemia, 
and hyperuricemia. Hypertrichosis and hirsutism can be 
alleviated by switching from cyclosporine to tacrolimus, 
provided the patient is carefully monitored. 

The development of another potent calcineurin 
inhibitor tacrolimus in the 1990s with slight different side 
effect profile has led gradually to the use of tacrolimus as a 
first line agent in an increasing number. 


Tacrolimus 


It is a macrolide antibiotic and is active against helper T 
cells, preventing the production of IL-2 via calcineurin 
inhibition (binds to tacrolimus-binding protein instead of 
cyclophilin protein). Tacrolimus is used for maintenance 
immunosuppression and for rescue therapy in patients 
with refractory rejection under cyclosporine-based 
therapy. Side effects may include nephrotoxicity, 
neurotoxicity, glucose intolerance, and QT prolongation 
(rare). It can cause reversible alopecia. Multiple drug 
interactions are possible, primarily with agents affecting 
the cytochrome P-450 system. 


Mycophenolate Acid 


The mycophenolate acid (MCA) inhibits the enzyme 
inosine monophosphate dehydrogenase (required 


for guanosine synthesis) and impairs B- and T-cell 
proliferation, sparing other rapidly dividing cells (because 
of the presence of guanosine salvage pathways in other 
cells). Itmay be used for maintenance immunosuppression 
and chronic rejection. Recently, enteric-coated MCA was 
introduced with fewer reports of gastrointestinal adverse 
effects. The side effects include nausea, vomiting, diarrhea, 
leukopenia, anemia, and thrombocytopenia. 


Sirolimus 


The sirolimus is a macrolide antibiotic that binds the 
FK-binding protein, but its mechanism of action is via the 
“target of Rapamune” or TOR. It inhibits G1- to S-phase 
cell division and, therefore, cell proliferation. It is used for 
maintenance immunosuppression and chronic rejection. 
Side effects include hyperkalemia, hypomagnesemia, 
hyperlipidemia, hypertriglyceridemia, leukopenia, 
anemia, impaired wound healing, and joint pain. The drug 
can be used concomitantly with tacrolimus, cyclosporine 
or MMF but multiple drug interactions are possible, 
especially because of the extremely long half-life. 


BIOLOGIC AGENTS 


Polyclonal Antibodies 
(e.g. Antithymocyte Globulins) 


These agents are derived by injecting animals with human 
lymphoid cells, then harvesting and purifying the resultant 
antibody. The polyclonalantibodiesinducethe complement 
lysis of lymphocytes and uptake of lymphocytes by the 
reticuloendothelial system and mask the lymphoid cell- 
surface receptors. Horse antithymocyte globulin (Atgam) 
and rabbit antithymocyte globulin (Thymoglobulin) are 
used for induction and acute rejection. 

Side effects mayinclude fever, chills, thrombocytopenia, 
leukopenia, hemolysis, respiratory distress, serum sickness 
and anaphylaxis. Some adverse effects are ameliorated 
with steroids, acetaminophen, and diphenhydramine. 


Muromonab-CD3 


OKT3 or Muromonab-CD3 is a murine monoclonal 
antibody of immunoglobulin 2A clones to the CD3 
portion of the T-cell receptor. It blocks the T-cell 
function and has limited reactions with other tissues 
or cells. This agents is used for induction and acute 
rejection (primary treatment or steroid-resistant). Side 
effects may include cytokine release syndrome (i.e. 
fever, dyspnea, wheezes, headache, hypotension) and 
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pulmonary edema. It is contraindicated in hypervolemic 
patients and in patient with pulmonary edema. This 
can lead to pulmonary edema in euvolemic patients. 
Monitoring the effects of therapy may be done using a CD3 
antigen assay. 


Monoclonal Anti-CD25 Antibody 


The new agent basiliximab (Simulect) and daclizumab 
(Zenapax) are humanized antimonoclonal antibodies 
that target the IL-2 receptor. Clinically, both agents are 
very similar, and both are used for induction. Basiliximab 
(Simulect) and daclizumab have a very low prevalence of 
adverse effects, although hypersensitivity reactions have 
been reported with basiliximab (Simulect), albeit rarely. 


Monoclonal Anti-CD20 Antibody 


Another monoclonal antibody, rituximab (Rituxan) is a 
monoclonal antibody directed against the CD20 antigen 
on B cells and its use is currently being studied in treatment 
of some forms of antibody-mediated rejection. 


Therapeutic Management 


Protocol of immunosuppressive treatment of the trans- 
plantation patient begins with the induction phase, 
perioperatively and immediately after transplantation. The 
maintenance therapy then continues for the rest of life. 
The induction and maintenance strategies use different 
medicines at specific doses or at doses adjusted to achieve 
target therapeutic levels to give the transplantation patient 
the best hope for long-term graft survival. The maintenance 
immunosuppression is the key to prevention of acute and 
chronic rejections throughout the life of the graft. 


PRIMARY IMMUNOSUPPRESSIVE AGENTS 


Calcineurin Inhibitors 

The calcineurin inhibitor is usually used with steroids, 
azathioprine, MMF, and sirolimus and currently, most 
protocols use a calcineurin inhibitor and steroids with or 
without MMF. Use of adjuvant agents allows clinicians to 
achieve adequate immunosuppression while decreasing 
the dose and toxicity of individual agents. 

The MMF in kidney transplant recipients has assumed 
an important role in immunosuppression after several 
clinical trials have shown a markedly decreased prevalence 
of acute cellular rejection compared with azathioprine 
and a reduction in 1-year treatment failures. Long-term 
studies suggest MMF also reduces the prevalence of 
chronic rejection.** 


Recent work shows that sirolimus causes a significant 
decrease in acute rejectionandimprovementin patientand 
graft survival compared with azathioprine. Combination of 
sirolimus and MMF is currently undergoing investigation.® 

There couldbetwo differenttypes ofinduction strategies 
used to avoid early acute rejection are: (1) antibody-based 
therapy and; (2) aggressive early immunosuppression. 

1. Antibody-based therapy: This method uses monoclonal 
(e.g. muromonab-CD3) or polyclonal antibodies or 
anti-CD25 antibodies (e.g. basiliximab, daclizumab) 
and is administered in the early post-transplant period 
(up to 8 weeks). This antibody-based therapy allows for 
avoidance or dose reduction of calcineurin inhibitors, 
possibly reducing the risk of nephrotoxicity. 

2. Aggressive early immunosuppression: This method 
uses maintenance drugs at higher doses to achieve 
the strongest immunosuppressive effect soon after 
transplantation. Approximately, 50% of patients do not 
receive antibody therapy at the time of transplantation. 
The high doses of calcineurin inhibitors place patients 
at increased risk of nephrotoxicity. 


Management of Acute Rejection 


The most useful protocol used to treat acute rejection 
are: (1) steroids, (2) antithymocyte globulin, and (3) 
muromonab-CD3. 

1. Steroids: Steroids are the mainstay of therapy for 
acute rejection episodes, preventing release of IL-1 by 
macrophages and blocking synthesis of IL-2 by helper 
T cells. It also have anti-inflammatory properties. The 
dosage is 3-5 mg/kg per day for 3-5 days, which is 
then tapered to a maintenance dose. Steroids reverse 
60-75% of rejection episodes. 

2. Antithymocyte globulin: This antibody binds all 
circulating T and B-lymphocytes, which are then 
lysed or phagocytosed by the reticuloendothelial 
system. It may be noted that antithymocyte globulin 
has efficacy similar to that of muromonab-CD3. This 
drug is reserved for steroid-resistant acute rejection 
secondary to cost, toxicity, and the development of 
drug antibodies. 

3. Muromonab-CD3: This unique drug displaces the 
T3 molecule from antigen receptors, captures all 
mature T cells, and prevents alloantigen recognition. 
Reversal rate of first acute rejection episodes is 94%. 
Muromonab-CD3 is sometimes used as the first-line 
agent for severe vascular rejections. 


Management of Chronic Rejection 


Changes in immunosuppressive therapy are generally 
not effective in reversing chronic rejection. Data on 
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transplanted patients treated with sirolimus demonstrated 
a chronic rejection rate of 14%, which is much lower 
than rates traditionally reported in cyclosporine-based 
regimens.” Effective control of blood pressure, treatment 
of hyperlipidemia, and management of diabetes are the 
current mainstays of treatment for graft preservation. 


Calcineurin Inhibitor-free Protocols 


Acute and chronic nephrotoxicity attributed to calcineurin 
inhibitors, the development of protocols free ofthese agents 
is desirable and the use of sirolimus, MMF, and anti-CD25 
antibodies has been studied to determine whether graft 
survival and acute rejection rates can be maintained at the 
present rates in the absence of a calcineurin inhibitor. 

Promising protocols include sirolimus, MMF, and steroids 
or the combination of anti-CD25 antibodies, sirolimus, MMF, 
and steroids and these protocols have shown acceptable graft 
survival rates and acute rejection rates, although the studies 
are small and further research is warranted. In short, multiple 
regimens have been shown to be effective. 


INFECTION AND MALIGNANCY ISSUES 


BK virus nephropathy, in renal transplant is one of the 
great problems to solve. This virus, isa human papovavirus 
family, lives in the human genitourinary tract and 
replicates in some patients who are immunosuppressed, 
leading to allograft dysfunction. The antiviral agents 
such as cidofovir and leflunomide are active against 
the BK virus, the mainstay of therapy is a reduction in 
immunosuppression. The opportunistic infections remain 
an important risk to the immunocompromised patient 
despite the use of prophylactic measures. 

The post-transplant lymphoproliferative disease 
(PTLD) is a growing concern in the transplant population. 
These are of B-cell origin and linked to Epstein-Barr virus 
(EBV) infections. The patients present with constitutional 
symptoms such as night sweats, fevers, and weight loss. 
And acute rise in creatinine levels, similar to acute allograft 
rejection, may also be seen. Risk factors for PTLD include 
primary EBV infection."® 

The treatment options include reduction or discon- 
tinuation of immunosuppression with an increase 
in prednisone to reduce rejection risk. Sirolimus and 
rituximab are needed to determine their specific role.'*'° 
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Since the first description of kidney transplantation by 
Murray in 1954, open donor nephrectomy enjoyed for 40 
years.' In 1991, Clayman performed first time successful 
laparoscopic nephrectomy in clinical scenario.’ As a part of 
natural extension of the laparoscopic nephrectomy, donor 
nephrectomy in animal model was performed in 1994.° 
Retroperitoneoscopic donor nephrectomy in human was 
performed by Yang, et al.*° 
Firstsuccessfullaparoscopicnephrectomywasperformed 
by Ratner, etal. in 1995 and the technique was rapidly dissemi- 
nated world over.’ At the beginning of this decade few centers 
had developed retroperitoneoscopic donor nephrectomy.”® 
The major advantage of retroperitoneoscopic donor 
nephrectomy over transperitoneal donor nephrectomy is 
avoiding abdominal contents during surgery, and thereby 
intraoperative injury and postoperative bowel adhesions 
could be avoided. The purpose of this chapter is to review the 
technique of retroperitoneoscopic donor nephrectomy. 


TECHNIQUE 


Pneumoperitoneum or pneumoretroperitoneum is 
associated with hypoperfusion of vital organs. Gasless 
retroperitoneoscopic donor nephrectomy is performed at 
Japan, but technique requires special retractor and is not 
widely popular.’ A good hydration avoids detrimental effect 
of hypoperfusion.” Inadequate perfusion of kidney may 
lead to acute tubular necrosis and delayed graft function 
in recipient. A high urine output (6 mL/kg per hour) is 
recommended. Use of mannitol or loop diuretics is not 
supplementary or alternative of good hydration. Though 
overnight hydration to the donor is not required, good 
preoperative and intraoperative hydration is recommended. 

Patient is given general anesthesia and place in lateral 
position at the edge of the table. All pressure points are 
well padded and patient is fixed by straps. Table is broken 
slightly to increase the space between rib cage and iliac 
crest and make the muscles in flank region stretch so 


Retroperitoneoscopic 
Donor Nephrectomy 


that less retraction is required during open access to the 
retroperitoneum. Figure 142.1 shows marking for the port 
placement. The first port is placed usually just beneath the 
tip of the 12th rib and incision is usually about 1.5 cm long. 
External oblique muscle fibers are divided and internal 
oblique and transversus abdominis muscles are splitted. 
Entry into the retroperitoneum is gained by sharp division of 
dorsolumbar fascia. Blunt dissection by Kitner is performed 
towards the psoas muscle posterior to the kidney and 
balloon is placed behind the kidney outside the Gerota’s 
fascia. Balloon is inflated by about 600 mL of normal saline. 
A 10-mm trocar is placed and pneumoretroperitoneum 
achieved. Laparoscope is introduced and trocar is 
withdrawn up to the posterior abdominal wall so that 
adequate working space in the retroperitoneum is available 
and crowding of trocars and instruments could be avoided. 
Now, the trocar is fixed to the skin. 

Usually 30° telescope is used for retroperitoneoscopic 
donor nephrectomy. After placing primary trocar, the 
telescope is rotated to 180° to see anterior abdominal wall. A 
5-mm trocar is placed under vision avoiding the peritoneal 


Fig. 142.1: Port placement of retroperitoneoscopic donor 
nephrectomy 
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injury. Telescope is rotated again to its normal position and 
directed towards the posterior abdominal wall. A 12-mm 
trocar is placed at renal angle. The usual initial landmarks 
observed are psoas muscle, pulsation of common iliac 
artery, inferior vena cava on right side, and occasionally, 
pulsation of renal artery. At the medial border of the psoas 
muscle and remaining close to muscle Gerota’s fascia is 
opened and ureter-gonadal vein complex is identified. 
The entire complex is traced upwards taking care not to 
disturbed the tissue between gonadal vein and ureter to 
avoid injury to vasculature of ureter. The gonadal vein will 
cross from anterior to posterior aspect to the ureter and will 
join renal vein or lumbar-gonadal vein complex. The lumbar 
vein trunk is identified. This is a very short vein and often 
receiving two or three tributaries from posterior abdominal 
wall. Often a vein crossing the posterior aspect of renal 
artery drains into the lumbar vein. These are small and 
thin veins and careful blunt dissection is required to avoid 
hemorrhage. These tributaries are controlled either by clips 
or ultrasound energy or by LigaSure’."! If the lumbar vein is 
long enough, dissection of its tributaries is not necessary 
and, in fact, avoided. The renal artery is found usually at the 
upper border of the lumbar vein and is dissected carefully 
to avoid spasm. The artery is dissected close to the aorta 
and not towards the hilum to avoid dissection and possible 
injury to the branch vessels. Adequate length of the artery 
should be dissected for safe application of the stapler 
or clips. Till this dissection the kidney is “hanged” by its 
natural attachments to the peritoneum. 

Dissection of the upper pole and lateral border is 
carried out now. When too much perinephric fat is present, 
dissection between fat and the kidney is performed and 
kidney is pushed towards posterolateral abdominal wall. 
Once upper pole and lateral part of kidney is mobilized 
from peritoneum, it will drop down on psoas muscle and 
one can see adrenal gland close to renal artery. Dissection 
must remain above and medial to renal artery to avoid 
injury to branch artery. Adrenal vein is usually identified 
at this time and secured. Renal vein is dissected on its 
anterior aspect and traced close to its insertion to inferior 
vena cava. One must be careful to avoid injury to superior 
mesenteric artery which course above the renal vein at this 
level. The anterior aspect of lower pole of kidney is now 
made free from its peritoneal attachments till gonadal vein 
insertion into the renal vein is visualized. 

The gonadal vein is clipped and divided at its lower end. 
Ureter is also clipped distally and divided. A good urine 
output is confirmed. In case ofless urine output or no urine 
output, it is prudent to remove the pneumoperitoneum 
and wait often for 30-45 minutes to establish urine 
output. Even then urine output is not established, another 
period of 30-45 minutes waiting proved prudent.” Use of 
mannitol and diuretics helps in establishing diuresis. 


Before the procurement of kidney modified Gibson 
incision for kidney retrieval is made at the ipsilateral iliac 
fossa. Skin and external oblique aponeurosis muscles are 
divided transversely or obliquely. At the lateral border of 
rectus abdominis muscle a vertical 5-7 cm size incision 
is made on fused fascia of internal and transversus 
abdominis muscle. This will expose the transversalis fascia. 
To maintain pneumoretroperitoneum, transversalis fascia 
needs to keep intact. 

Several methods are used for securing the renal 
pedicle. In general, warm ischemia time (WIT) is longer 
for kidney procured laparoscopically than by open surgery. 
What is the upper limit of safe WIT is not clear; however, 
it should be as short as possible. Stapler or clips are used 
to control the renal pedicle. Most surgeons uses Endo 
gastrointestinal anastomosis (GIA) stapler; however, Endo 
thoracoabdominal (TA) stapler, polymer clips or metallic 
clips are also used for controlling renal artery and vein.” 
Control of renal vein when it is located in retroaortic 
position is easy and safe during retroperitoneoscopic donor 
nephrectomy.'*!°Oncepedicleis controlled, kidneyisbagged 
and delivered through retrieval incision. Alternatively, the 
surgeon put his hand in the retroperitoneum through the 
retrieval incision to take out the kidney. The wound is closed 
in layers and pneumoretroperitoneum is re-established. 
Systemic inspection of renal artery vein, gonadal vein, 
adrenal gland, site of lumbar vein, aorta and diaphragm is to 
be performed. Irrigation of retroperitoneal space by normal 
saline is performed. Port site wounds are closed without 
placing any drain. 


Technical Modifications for Right-sided 
Retroperitoneoscopic Donor Nephrectomy 


Three port technique for right-side retroperitoneoscopic 
donornephrectomy, akin to left side, is described.’ Right renal 
vein is shorter and thinner than the left renal vein and hence 
full length of vein is needed to avoid technical complications 
during recipient surgery. During open donor nephrectomy, 
usually a small cuff of inferior vena cava is obtained to avoid 
suture line in right renal vein. During retroperitoneoscopic 
surgery, dissection of inferior vena cava is performed. An 
additional 12 mm port is placed at Petit’s triangle for staple 
application. Lifting of the kidney will tent the vena cava and 
use of an Endo TA stapler or modified Endo-GIA stapler is 
helpful in obtaining cuff of inferior vena cava'*"’ (Fig. 142.2). 
This technique can be applied also when more than one 
renal vein is present.’* Small renal veins may be ligated on 
bench but large renal veins could be anastomosed together 
or separately with external iliac vein of recipient. 
Occasionally, on right side, both pre-and postcaval renal 
artery is present. When itis necessary to take right kidney with 
such anomalies, retroperitoneoscopic donor nephrectomy 
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Fig. 142.2: The control of the renal artery and vein by the Weck 
clips (10 or 15 mm) and standard metal surgical clips. Alternatively 
it may be controlled by an Endo-GIA stapler 


could be performed by first dissecting postcaval renal 
artery, followed by mobilization of the kidney, and lastly, 
dissecting the precaval artery on the medial aspect of the 
inferior vena cava." 


HAND-ASSISTED RETROPERITONEOSCOPIC 
DONOR NEPHRECTOMY 


Retroperitoneoscopic hand-assisted donor nephrectomy 
(HADN) is performed by many centers.”** Patient is 
given position-like transperitoneal laparoscopic donor 
nephrectomy. A modified Gibson incision is made which 
accommodates hand of the surgeon after placement of 
hand-assisted device in the wound. Port for laparoscope 
and other secondary ports are placed at same place of 
transperitoneal laparoscopic surgery; however, all ports 
and hand of surgeon will remain outside the peritoneum. 
Dissection is carried out tracing the ureter-gonadal vein 
complex upwards leading to identification of renal vein 
and its other tributaries. Pedicle dissection and kidney 
mobilization is performed same as mentioned above. 

The major advantage of hand is tactile sensation 
of surgeon is used to feel the organs. Further, vascular 
complications could be handled quickly since hand 
inside the retroperitoneum would help controlling the 
pedicle. The disadvantages, however, are hand fatigue and 
difficult for right donor nephrectomy for a person having 
right dominant hand. 


COMPLICATIONS 


During port placement, injury to subcostal vessels and nerve 
may occur. Wound must be explored to control the major 
arterial bleed. To avoid such complication, it is prudent to 
place trocar about one finger breath below the level of last rib. 

Too posterior placement of trocar may lead to its 
entry into the psoas major muscle which may bleed. 
Laparoscopic visualization, compression or use of 
diathermy or ultrasound or LigaSure energy is used 
to control this bleeding. Occasionally, intracorporeal 
suturing of bleeding vessel is required. 

Inadvertent peritoneal injury could occur either 
during balloon deflation or during the time of dissection 
of the kidney. Even though clinically evident injury to the 
peritoneum is not found, gas often leaks into the peritoneal 
cavity. When peritoneum is opened, a Veress needle or 3-5 
mm size trocar may be placed transperitoneally to allow 
the gas to escape and thereby avoiding fall of peritoneal 
contents towards working space in retroperitoneum. 
When large injury is present, case may be converted to 
transperitoneal laparoscopic procurement of kidney. 

Injury to diaphragm leads to pneumothorax which 
may require repair. 

Vascular complications are mostly due to injury to 
one of the tributary of the renal vein on left side. If the 
vein is injured but continuity is maintained, clip ligation 
is performed. In circumstances of complete avulsion of 
major tributary, bleeding occurs from two sites; a lot of 
experience is required to control this bleeding. Placing one 
or two gauze pieces at renal vein side reduces the bleeding. 
Upward lifting of kidney and thereby stretching of renal 
vein must be avoided since it increases the blood loss. In 
case of uncontrolled bleeding immediate conversion to 
open surgery should be performed before hypotension 
and hypoperfusion of kidney and other organ occur. 

Complications due to stapler or clips are beyond the 
scope of this chapter. Surgeons must be aware of these 
complications and should have knowledge how to tackle 
them. Related complications-like infection and incision 
site hernia could occur occasionally. 

Hematoma, chyle or lymph collection in 
retroperitoneum may found in delayed ultrasonography. 
Treatment is usually conservative but occasionally 
re-exploration and lymphatic ligation is required. 


CONCLUSION 


Retroperitoneoscopic donor nephrectomy, both pure 
and hand-assisted, is safe, feasible and donor friendly. 
Remaining extraperitoneally avoids injury to bowel and 


other abdominal viscera and also avoids chances of 
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postoperative bowel obstruction due to adhesions. 
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PRELUDE 


The most preferred method of renal replacement therapy 
for patients with end-stage renal disease (ESRD). Renal 
transplant offers freedom from many complications and 
restrictions of renal failure and restores the quality of life 
near to normal. When the glomerular filtration rate (GFR) 
is less than 5ml/min patient become dialysis dependant 
for life or a renal transplant should be offered to restore 
the quality of life (Box 143.1).'“ 


HISTORY OF KIDNEY TRANSPLANT 


In 1902, Ullman first performed successful autograft renal 
transplant in dog. In 1902, Carrell described removal of 
canine kidney with renal artery and vein attached to aorta 
and inferior vena cava (IVC) respectively in order to facilitate 
vascular anastomosis. In 1951, Kuss described placing donor 
kidney into iliac fossa for easier anastomosis to iliac vessels 
and to bladder. In 1954, Merrill first performed successful 
renal transplant between identical twins. In 1959, Dr Joseph 
Murray performed the first successful human kidney 
transplant in 1954 in Boston. The transplant was performed 
between identical twin brothers, with the healthy twin 
serving as a living donor. The recipient lived for eight years 
before succumbing to recurrent kidney disease. Although 
this and subsequent identical twin transplants did not 
address the problem of rejection, they did serve as a proof 
of concept. For his work in the field of organ transplantation, 
Murray was awarded the Nobel Prize in Medicine in 1990. 


Box 143.1: Common causes of end-stage renal disease requiring 
transplant 


Prior to the advent of immunosuppression, kidney 
transplantation was limited to human leukocyte antigen 
(HLA)-identical siblings and was not applicable to 
the vast majority of patients with ESRD. In 1963, the 
introduction of azathioprine and steroid combination 
therapy produced encouraging results and became 
the mainstay of immunosuppression.”*" The results of 
transplantation had improved; however, acute rejection 
and complications associated with steroid therapy 
persisted. 

The introduction of cyclosporine in 1983 was one of the 
most pivotal events in the history of organ transplantation, 
as it significantly improved the outcomes of all solid organ 
transplants by reducing the risk of rejection. Further 
innovations, including anti-T cell antibodies (both 
monoclonal and polyclonal preparations), as well as other 
maintenance immunosuppressants (e.g. tacrolimus, 
mycophenolate, sirolimus), have made a significant 
impact on both patient and graft survival. Currently, one 
year patient and graft survival rates exceed 90% in most 
transplant centers. 


CONCEPT OF HISTOCOMPATIBILITY 


Successful tissue or organ transplantation is only 
possible when the tissues or organs are compatible 
to each other. The HLA system is the most important 
determinant of cellular histocompatibility. Human 
leukocyte antigens are expressed on all nucleated cells 
but notably on peripheral blood lymphocytes. Human 
leukocyte antigen status of an individual is genetically 
determined. The determining area or locus for the HLA 
system is called the major histocompatibility complex 
(MHC) and found on the short arm of chromosome 
number 6. Each MHC locus of the HLA system has 
subgroups, the most important for transplantation being 
HLA-A, HLA-B and HLA-DR. Patients chosen as suitable 
recipients of renal transplants are grouped according to 
their status based on ABO blood group and HLA-A, -B 
and -DR status and kept on file locally, regionally and 
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nationally for the potential cadaver donor. Differing 
criteria for matching between donor and recipient based 
on HLA status exist in different transplantation units 
and these are currently changing with the advent of 
cyclosporin. Mismatch at HLA-A, HLA-B and HLA-DR 
between donor and recipient correlates with the worst. 
There is a graded effect between degree of mismatch and 
graft survival. 

A single chromosomal complex of closely linked 
genes codes for a group of antigens, which have been 
shown to represent the strongest immunologic barrier to 
transplantation. 

These major histocompatibility antigens are the 
product of two sets of HLA genes on homologous paired 
chromosomes, one set or haplotype from each parent. 
The HLA gene products (cell surface antigens) from each 
haplotype are classified as class I and class II. Class I 
antigens serologically defined HLA-A, B and C. The class 
II HLA is called as DR (D-related) antigens, the major 
initiator of the mixed lymphocyte reaction (MLR). The 
paternal and maternal allele from each of the four HLA 
loci are expressed in a codominant fashion. 

Matching for major HLA antigens among closely 
related living donors has been shown to predict 
superior results than with cadaveric donors because of 
compatibility among other less important gene products 
of MHC region. Human leukocyte antigen type matching 
for cadaveric transplants is less successful because of 
the greater variation among the minor transplantation 
antigens and its usefulness has recently been questioned. 
However, many centers still attempt to employ a four 
antigen match, referring to two A and two B locus antigen 
matching, in addition to testing for pre-existing anti- HLA 
antibodies by the match at HLA-B and HLA-DR locus has 
been shown to correlate most strongly with graft survival. 
Lymphocytotoxic cross-match. 

This improves the statistical probability of identical 
HLA-C and D locus antigens, but it is not a certainty. 
The MLR test for HLA-DR antigens takes 6-8 days and is 
therefore not clinically useful for cadaveric transplants. 
Serologic typing for class II antigens can provide an 
approximation of mixed lymphocyte culture reactivity. 

Living related transplants between HLA identical siblings 
(two haplotype match) yield the highest 1 year graft survival 
(up to 90%), followed next by HLA semi-identical (one 
haplotype match) with 75% 1 year graft survival. However, 
the use of cyclosporin has now improved four-antigen 
match cadaveric transplant survival from 50% to 75%, equal 
to the one-haplotype matched living related transplants. 

The ABO (H) blood group antigens are known to be 
expressed on vascular endothelium and therefore must be 
matched for renal transplantation. However, Rh antigens 
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are not expressed on nucleated cells and need not be of 
concern. 

Improved graft survival and long-term patient survival 
has allowed the transplant team to be more flexible. 
Currently, there are few absolute contraindications of 
renal transplantation other than active infection and 
active malignant disease. 


Indications of Renal Transplant 


Renal transplantation is usually done on patients with 
ESRD due to chronic glomerulonephritis, chronic 
pyelonephritis, diabetes mellitus, hypertension, renal 
stone disease, congenital anomalies, traumatic renal 
ablation and bilateral renal cancer. Every transplant 
center has developed a guideline for selection of the cases 
for transplant (Box 143.2). 

The causes of renal failure include diabetes (36%), 
hypertension (30%) chronic glomerulonephritis (24%) and 
polycystic kidney disease (12%). Commonest indication 
in the pediatric age group is congenital disorder. Renal 
transplant is indicated as this is the most cost-effective 
and treatment of choice in all above conditions. 


Contraindications of Renal Transplantation 


Absolute Contraindications 

e Active infection should be treated before transplant 

e Malignant disease. Transplant may be done on 2 years 
relapse-free patients. 


Relative Contraindications 


Urinary incontinence: Renal transplantation may be 
done after correction of abnormal bladder function, 
lung diseases, e.g. severe restrictive and obstructive lung 
disease. Cardiovascular disease, classification needed. 
Initial coronary bypass surgery may be needed, severe 
pelvic vein thrombosis or atherosclerosis of iliac vessel is 
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contraindication of renal transplantation. Age, no fixed 
limit, biological age is important, in general over 70 years 
is discouraged. 

Data have paradoxically shown that nontransfused 
patients have the highest risk of graft failure and that doing 
up to 14 transfusions prior to transplantation appears to 
impart a dose-related increase in cadaveric graft survival. 
Kidneys for transplantation can be obtained from three 
sources: 

l. Living related donor who are immunogenically 
compatible with the patient 

2. Cadaver donor who have normal renal function and 

3. Living unrelated donor. 

Living related donors are the source of 30-40% of 
kidney transplants in the United States and in Bangladesh. 
They are expected to be in perfect physical and mental 
health with negative blood and tissue cross-matches. 
Compatibility is also checked by mixed lymphocyte 
culture. Living related donors are preferred to cadaver 
because the graft survival is better and the operation can 
be timed. Priorities in allograft donor selection are: (a) 
monozygotic twin; (b) HLA identical siblings, (c) dizygotic 
twin, (d) HLA one haploid matched relatives, e.g. parent, 
sibling or offspring (Boxes 143.3 and 143.4). 


IDENTIFICATION OF SUITABLE DONOR 
Bangladesh Tissue Transplantation Act, 1999 


Bangladesh Human Transplantation Act, 1999 allows 
live- related donor transplantation between the 1st degree 


Box 143.3: Investigations on potential live donor 


Box 143.4: Selection of live donor transplantation 


relatives only and blood-related 2nd degree relatives like 
paternal and maternal uncle. This Act defines the brain- 
death clearly and promotes the deceased transplantation 
of organs. 

Patients under 65 in whom brain stem death has 
been diagnosed, maintained on artificial ventilation. No 
pre-existing renal disease, hypertension or diabetes, no 
malignant disease (apart from primary cerebral tumors), 
adequate blood pressure (BP) (>90 mm Hg systolic), 
adequate urine output (>than 40 mL/hour), no systemic 
infection hemoglobin (Hb), ABO blood typing, urea, 
creatinine, electrolytes and blood sugar, and urine culture. 
If ABO blood group typing and creatinine is normal; 
creatinine clearance rate should be performed. HLA-A, 
-B and -DR typing is carried out. A mixed lymphocytic 
culture (MLC) is also arranged. If all above are found to 
be normal a computed tomography (CT) urogram and a 
simultaneous CT angiogram is performed. 

It gives the excretory function of the kidneys and the 
status of renal arteries, particularly to locate multiple renal 
arteries or separate lower polar arteries which may require 
Bench surgery to make the vessel suitable for surgery. 
Graft success can be improved between responders by 
using donor-specific transfusions. 

Cadaver donors are generally persons between 2 
years and 60 years of age without evidence of significant 
hypertension, atherosclerosis, renal disease, malignancy, 
or infection (Box 143.5). 

Blood and urine cultures should be negative, 
creatinine less than 2 mg/dL, and hepatitis B-antigen 
(HBsAg) negative. The heart must be pumping and there 
should be no longer than 10 minutes of warm ischemia. 
Blood pressure (SBP > 100) and urine output (>100 mL/ 
hr) should be maintained by volume expansion, diuretics, 


Box 143.5: Diagnosis of brainstem death (UK guidelines) 


Chapter 143 Renal Transplantation Surgery 


Box 143.6: Source of donors 


and if necessary, vasopressors as needed (dopamine 
preferred). After removal, kidneys are flushed with ice-cold 
Collin’s solution and stored in ice slush (for 24-48 hours) 
or by pulsatile perfusion (for 48-72 hours). 


Cadaveric Donor 


Organ shortage is one of the major obstacles in the kidney 
transplantation program. To overcome the problem the 
kidneys may be procured from the dead donor within 30 
minutes of their death. These donors may be the patients 
who are dead on arrival at the hospital or on arrival to the 
hospital or who have died in the hospital after withdrawal 
of support or following unsuccessful resuscitation. To 
minimize warm ischemic time, a double balloon catheter 
is inserted into the aorta via a femoral cut-down and the 
kidneys are perfused in situ. With cold perforates within 
30 minutes of circulatory arrest, the graft may suffer from 
delayed function (Box 143.6). 

The usual preoperative labs including a urine culture, 
X-ray chest, and ECG should be obtained. Most patients 
will require preoperative dialysis. Immunosuppressive 
medications should be started preoperatively as dictated by 
the prescribed protocol. Prophylactic antibiotics should be 
given. A living-related donor should be kept well hydrated 
with optimum urine output. An 18F Foley catheter is placed 
in the recipient after induction of anesthesia. Crystalloids 
without potassium should be given to the recipient 
conservatively; however, a systolic BP above 120 should be 
maintained during revascularization (Box 143.7). 


Box 143.7: Preparation of recipient 


Where both kidneys have normal vasculature the left 
kidney is chosen due to longer length of renal vein. 


NEPHRECTOMY FOR LIVE DONOR 


Where both kidneys have normal vasculature, the left is 
chosen due to longer length of renal vein. 

Donor should be kept well hydrated throughout with 
10% dextrose. Normal saline is being given at the start of 
procedure. Loin incision (bed of 12th rib) mobilization of 
kidney and renal vessels exposed to aorta and IVC. Ureter 
traced with wide cuff of tissue around it to pelvic brim and 
divided. Renal artery divided as near to origin as possible 
using Satinsky clamp on IVC to obtain maximum length 
of renal vein before kidney is removed and immediately 
flushed with cold perfusate in vitro and kept at 4°C as for 
cadaveric donor kidney. 

Donor should be kept well hydrated throughout with 
normal saline being given at start of procedure. Loin 
incision (bed of 12th rib) is made then mobilization 
of kidney and renal vessels exposed up to aorta and 
IVC. Ureter traced with gonadal vein and wide cuff of 
tissue around it to pelvic brim and divided. Renal artery 
divided as near to origin as possible. Using Satinsky 
clamp, maximum length of renal vein is taken. Kidney is 
removed and immediately placed in ice slush where the 
kidney is perfused with ice cold perfusate until the effluent 
in vitro and kept at 4°C as for cadaveric donor kidney. 
The procedure should be carried out with the donor on 
intermittent positive pressure ventilation. The procedure 
should be guided by human tissue guided by Human 
Tissue Transplantation Act, 1999. 


Fig. 143.1: Laparoscopic donor operation in progress 
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Fig. 143.2: Small scar following the laparoscopic donor 
nephrectomy 


Laparoscopic Donor Nephrectomy (Fig. 143.1) 


Laparoscopic donor nephrectomy is currently is the 
procedure of choice in most high volume transplant 
center. The procedure can be accomplished with 
transperitoneal or exraperitoneal route. More recently 
the laparoscopic nephrectomies are performed through 
the single port access. The principles of laparoscopic 
donor nephrectomy adhere the principle with the open 
classical donor nephrectomy. The clear advantage of this 
procedure is high acceptability among the patients due to 
short hospital stay and quick return to work. 

A modified laparoscopic technique called hand- 
assisted laparoscopic nephrectomy may also be used to 
remove the kidney. In the hand-assisted surgery, a small 
incision of 3-5 in (7.6-12.7 cm) is made in the patient’s 
abdomen (Fig. 143.2). The incision allows the surgeon 
to place his hand in the abdominal cavity using a special 
surgical glove that also maintains a seal for the inflation of 
the abdominal cavity with carbon dioxide. The technique 
gives the surgeon the benefit of using his or her hands 
to feel the kidney and related structures. The kidney is 
then removed through the incision by hand instead of 
with a bag. 

Once removed, kidneys from live donors and cadavers 
are placed on ice and flushed with a cold preservative 
solution. The kidney can be preserved in this solution 
for 24-48 hours until the transplant takes place. The 
sooner the transplant takes place after harvesting the 
kidney, the better the chances are for proper functioning 
(Fig. 143.3). 


Fig. 143.3: Laparoscopic donor nephrectomy in progress (Black 
arrow shows tributaries of left adrenal vein and yellow arrow shows 
control of left adrenal vein) 


Box 143.8: Technique of cadaveric nephrectomy 


+ Full length midline incision or curved subcostal 

e Kidneys fully mobilized 

e Ureters are divided below pelvic brim, retain surrounding mesentery 

+ Aorta and inferior vena cava (IVC) controlled above and below 
renal vessels 

- Aorta and IVC ligated or clamped above and below renal vessels 


e Kidneys may be perfused in situ with a catheter placed into 
aorta keeping IVC untied above kidney 

+ Inferior vena cava and aorta divided above and below and split 
longitudinally to retain a cuff of IVC and aorta 

+ Kidneys removed and perfusion continued in vitro till the 
effluent is clear 

e Kidney carefully preserved in sterile ice bag 


Cadaveric Nephrectomy 


The procedure should be carried out with the donor 
on intermittent positive pressure ventilation guided by 
Human Tissue Transplantation Act, 1999. Full-length 
midline incision or curved subcostal incision is chosen. 
Kidneys are fully mobilized. Ureters divided below pelvic 
brim, retain surrounding tissue around ureter. Aorta and 
IVC controlled above and below renal vessels (Box 143.8). 

Aorta and IVC ligated or clamped above and below renal 
vessels. Kidneys may be perfused in situ with a catheter 
placed into aorta keeping IVC untied above kidney. IVC and 
aorta divided above and below. After removal of kidney, 
perfusion is continued in vitro till the effluent is clear. The 
kidney is then carefully preserved in sterile ice bag. 

Tubular cells of kidney are very susceptible to ischemic 
damage. 
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Table 143.1: Composition of University of Wisconsin solution 


Warm ischemia: Renal damage results beyond 20 minutes 
of ischemia at 37°C and is irreversible beyond 1 hour. 


Cold ischemia: Cooling between 0°C and 10°C reduces 
oxygen demand to 10% of that at 37°C and hence the 
accumulation of toxic metabolites combined with short 
ischemia (5 minutes or less)—kidneys may be stored at 4°C 
for at least 24 hours. This may be prolonged with perfusion 
machines. After removal from the donor the kidney is 
placed in the ice to reduce the surface temperature in 
order to reduce the tissue metabolism. The inner or core 
temperature is reduced by continuous irrigation of ice 
cold perfusion solution through the renal artery and is 
continued till the clear effluent is coming out from the renal 
vein. Various organ preservation solutions are available 
for perfusion of donor kidneys out of which University of 
Wisconsin (UW) Solution and Euro-collins solutions are 
popular (Table 143.1). Alternatively, Hartman’s solution 
with heparin and procaine may also be used. 

The transplant kidney is placed retroperitoneally in the 
iliac fossa leaving the native kidneys in situ. After induction 
of general anesthesia in a well-hydrated patient, a central 
venous line and a urinary catheter are inserted. A curved 
incision is made in the lower abdomen and after dividing 


Box 143.9: Techniques of renal transplantation 


the muscles of the abdominal wall, the peritoneum is 
mobilized medially to expose iliac vessels. The internal iliac 
artery and the external iliac vein are dissected carefully so 
that they can be controlled with vascular clamps during 
anastomoses. The kidneys are then removed from ice and 
the donor renal vein is anastomosed end to side to the 
external iliac vein using 5/0 proline. The donor renal artery 
is then anastomosed with the internal iliac artery with an 
end to end technique using 6/0 proline. 

During vascular anastomoses the kidney is kept cold 
by application of ice and continuous bathing of cold saline 
in order to reduce the metabolism of renal tissue. On 
completion of vascular anastomoses the vascular clamps 
are removed and immediately the kidney is reperfused 
with the recipient blood. 

The ureter which is kept reasonably short to avoid the 
risk of distal ischemia, is then anastomosed to the bladder 
using the Lich-Gregoir technique with or without DJ 
ureteric stent (Box 143.9). Currently advanced transplant 
centers doing their donor nephrectomy using hand 
assisted laparoscopic technique or standard laparoscopic 
techniques. The mostimportantadvantage ofthis technique 
is the faster recovery of the donor. The presence of arterial 
and venous anomalies in the graft can be reconstructed 
after perfusion on the side table, which will allow a perfect 
vascular anastomosis during transplantation. 

Orthotopic renal transplantation refers to a technique 
to put the transplanted kidney in the renal area rather 
than pelvis. Indications are iliac artery atheromatous 
disease, aortoiliac bypass and in recipient of multiple 
renal transplantation. The renal artery of the graft 
is anastomosed with splenic artery (end-to-end) or 
with abdominal aorta (end-to-side). The renal vein is 
anastomosed with the native renal vein or with the splenic 
vein rarely. The alograft renal pelvis is anastomosed with 
the native renal pelvis with a stent. In small children 
receiving an adult donor kidney the abdomen is opened 
through a midline incision and the graft is placed intra- 
abdominally with anastomoses of the renal vessels to the 
aorta and vena cava. The allograft response is primarily 
directed against mismatched HLA antigens and is T cell 
dependent. Class II HLA alloantigens, activate helper 
T-lymphocytes, resulting in release of macrophage- 
stimulating lymphokine (MSL) and expression of 
Interleukin-1 (IL-1) and 2 (IL-2) receptors on helper T cells. 
Class I HLA alloantigens activate cytotoxic T-lymphocytes 
to form IL-2 receptors. Stimulated macrophages release 
IL-1 which in turn causes the release of IL-2 from helper 
T cells. It is the IL-2 which then causes the specific clonal 
proliferation of activated helper and cytotoxic T cells. 
Immunosuppressive therapies are directed at interfering 
with one or more of these steps in the allograft response. 
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Box 143.10: Purpose of immunosuppressive drugs 


In order to prevent the graft rejection and to 
improve the over all survival of renal transplant patient 
immunosuppressive drugs are being used since early 
60s. These can be used in one of the three ways: (1) as an 
induction agents used immediately after transplantation; 
(2) for maintenance of immunosuppressive therapy 
initiated once serum creatinine become normalized; and 
(3) for treatment of acute rejection (Box 143.10). 


Immunosuppressive Agents 


Immunosuppressive agents are discussed in Box 143.11. 


Cyclosporin and Tacrolimus (FK506) 


Calcineurin, a phosphate plays a vital role in facilitating 
the transcription of IL-2, the main T cell growth factors, 
and other cytokines after T cell activation. By blocking 
cytokine synthesis, they exert a potentimmunosuppressive 
effect. They are nephrotoxic and have a relatively small 
therapeutic window. Each of the two agents binds 
within the T cells to a particular cytoplasmic protein or 
immunophilin. Cyclosporin binds to cyclophilin and 
tacrolimus bins to FK binding protein. The resulting 
immunophilin-drug complex then blocks the activity of 
calcineurin within the cytoplasm of the T cells.” 


Cyclosporin (Sandimmune) 


It acts primarily by the specific and reversible inhibition 
of activated T cell proliferation and by blocking the 
release of IL-2 by activated helper T cells. It has been 


Box 143.11: Immunosuppressive agents 


shown to improve 1 year graft survival by 15-20% over 
conventional multidrug regimens when given with 
low dose corticosteroids. It has significant side effects 
including potent nephrotoxicity and dose-dependent 
hepatotoxicity, hirsutism, and tremors. It is eliminated 
primarily by the liver with a mean half-life of 19 hours 
and is not dialyzable, and peak plasma concentrations are 
reached in approximately 3.5 hours. Drug levels should be 
maintained between 100-200 ng/mL and checked two to 
three times/weeks for the first 2 weeks. Avoid use of other 
potentially nephrotoxic drugs such as frusemide and 
aminoglycosides.!°*4 


Tacrolimus (FK 506) 


This is a recently introduced immunosuppressive agent, 
has similar properties and mode of action and efficacy to 
cyclosporin. It also suppresses IL-2 production from CD4+ 
cells (Table 143.2). Like cyclosporine and tacrolimus is 
used for maintenance of immunosuppressive therapy.” 


Mode of Action 


Inhibit inflammatory response and release of IL-1 from 
antigen presenting cells. Cytotoxic chemotherapeutic 
agent incorporates into DNA and inhibit cell mitosis and 


Table 143.2: Side effects of immunosuppression drugs 


Agents Side effects 


Cyclosporin (Sandimmune) 
Tacrolimus (FK 506) 
Antilymphocyte globulin (ALG) 


Monoclonal antibodies (OKT3) 
Anti CD 25 

Azathioprine (Imuran) 
Rapamycin (Sirolimus) 
Corticosteroids 
Mycophenolate mofetil 


Nephrotoxicity, hypertension, dyslipidemia, hirsutism, gingival hyperplasia 
Nephrotoxicity, hypertension, dyslipidemia, neurotoxicity, diabetes 

Leucopenia, thrombocytopenia 

Cytokine release syndrome, pulmonary edema, leucopenia 

None described 

Leucopenia, thrombocytopenia, hepatotoxicity, gastrointestinal (Gl) symptoms 
Thrombocytopenia, dyslipidemia 

Hypertension (HTN), diabetes, osteoporosis, avascular necrosis, cushingoid appearance 
Leucopenia, thrombocytopenia, GI Symptoms 
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proliferation. Blocks the transcription of IL-2 gene thereby 
inhibit proliferation and differentiation of T-lymphocytes. 
Polyclonal antibody against T-lymphocytes. Monoclonal 
antibody against CD-3 portion of T-lymphocyte receptor 
complex. Blocks IL-2 receptor signal transduction, inhibits 
synthesis of purine. 


Use 


Induction and maintenance of immunosuppression 
used in acute rejection. It has a significant side effect so 
only used in reversing acute rejection. It is used in acute 
rejection effective in steroid resistant rejection. It can 
be combined with cyclosporine in the maintenance of 
immunosuppression.'*** 


Monoclonal Antibody (OKT3) 


Monoclonal anti-T cell antibodies produced from murine 
hybridomas to the T3 antigen of T-lymphocytes have been 
successfully utilized for the treatment of acute rejection 
episodes. Again, anaphylactoid reactions can occur and 
most patients will develop anti-mouse antibodies making 
it useful for only one course of treatment.” 


Anti-CD 25 
This is a monoclonal antibody and targets activated T cells. 


Mycofenolate Mofetil (Cellcept) 


It is a recently introduced anti-proliferative agent. When 
taken orally inhibits the enzyme inosine monophosphate 
dehydrogenase resulting inhibition of purine nucleotide 
synthesis. This drug is nowadays considered to be the most 
useful regimen with cyclosporin and prednisolone.'*** 


Rapamycin 

It is a macrolide, newly discovered immunosuppressive 
agent. It acts by interfering with intracellular signaling from 
IL-2 receptors and arrests T cell division in the G1 phase. 


Azathioprine (Imuran) 

It is a mainstay of therapy for acute rejection and functions 
by inhibiting the multiplication of rapidly dividing 
immunologically competent lymphoid cells. Its major 
toxic side effect, myelosuppression, is best guarded against 
by monitoring the peripheral leukocyte count. 


Corticosteroid 
It inhibits IL-2 dependent T cell proliferation by preventing 
monocytes from releasing IL-1, which is necessary for 


Box 143.12: Complications of renal transplant 


release of IL-2. They also have an inhibitory effect on 
neutrophilic inflammatory response.'*** 


Acute Tubular Necrosis 


Acute tubular necrosis (ATN) is a common cause of early 
oliguria or anuria and is the result of ischemic insult to 
the kidney (Box 143.12). Recovery will generally occur 
within 3-6 weeks; however a renal biopsy may be helpful 
to rule out rejection. The diagnosis is made primarily by 
exclusion. 


Cyclosporin Nephrotoxicity 


It produces a difficult diagnostic dilemma in evaluating 
poor function in the postoperative period. Differentiating 
between ATN, acute rejection, and cyclosporin 
nephrotoxicity is not easy. It has no pathognomonic 
features and does not correlate with cyclosporin blood 
levels. Diagnosis is usually made by a process of exclusion, 
often necessitating renal biopsy. Patients are managed by 
switching to azathioprine (Table 143.3). 


Table 143.3: Differentiating acute rejection versus cyclosporin 
nephrotoxicity 


Acute rejection 
Serum creatinine rise > 50% 


Cyclosporine A nephrotoxicity 
Serum creatinine rise < 25% 
Slow rise in creatinine 

Normal intrarenal pressure 

(-) fever 

CSA level > 250 ng/mL 


Rapid rise in creatinine 
Increased intrarenal pressure 
(+) fever 

CSA level < 100 ng/mL 
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Box 143.13: Oliguria 


Exclude 


+ Catheter block 
+ Dehydration 
Ureteral leak through drain 


Perform 


Ultrasound of graft for obstructive uropathy 
Doppler study for vascular patency 


Diethyl triamine penta-acetic acid study to see how the graft is 
handling the isotope 

Renal biopsy for diagnosis of ATN or rejection 

Perform ultrasound of graft to rule out obstructive uropathy 
and to evaluate for signs of rejection (i.e. enlargement from 
edema, indistinct corticomedullary junction, and loss of central 
renal-sinus fat echo) 

Perform renal biopsy when poor function persists or diagnosis 
remains in doubt 


Oliguria or Anuria Following Renal Transplantation 


e Check Foley’s catheter for obstruction. 
e Check for signs of dehydration and check CVP. 
e Give fluid challenge, if suspicious (500 mL normal 
saline over 1 hour). 
e Check output of surgical drains for possible urine leak. 
e Perform diethyl triamine penta-acetic acid (DTPA) 
renal scan to evaluate renal perfusion. 
e Perform Doppler study of renal vessel (Box 143.13). 
Hyperacute rejection is an irreversible process, which 
begins within minutes to hours after transplantation and is 
the result of presensitization of the recipient with cytotoxic 
antibodies to donor HLA antigens (Box 143.14). These may 
arise from blood transfusion, a failed transplant, previous, 
pregnancy or if transplant is done in ABO incompatible 
donor. After revascularization of the graft, antibodies bind 
immediately to the vasculature, activate the compliment 
system, and causes extensive intravascular thrombosis and 
graft distraction within minutes and hours. This can be 
avoided by performing a crossmatched test on recipient 
serum to ensure that it does not contain antibodies 
directed against HLA expressed by a kidney donor.?°"8 
Acute rejection occurs within the weeks or months 
following transplantation and is clinically characterized 
by fever, swelling, and tenderness over the graft, with 
decreased function and urine output. Hypertension 


Box 143.14: Hyperacute rejection 


+ Occurs immediately after revascularization 


This occurs as a result of preformed antibody 
Common in ABO incompatible donor 
It can be prevented by a direct cross match test 


Box 143.15: Acute graft rejection 


Onset 

+ Occurs in most patients during the first three months after 
transplantation 

Mechanism 
Lymphocytic attack on blood vessels 

Pathology 

+ Lymphocytic infiltration, interstitial edema and hemorrhage; 
fibrinoid necrosis of blood vessels 

Clinically 

e Loss of graft function, fever, graft tenderness; isotope scan 
shows perfusion; needle biopsy may be helpful 

Action 
High dose methyl prednisolone 3-5 day courses given; failure to 
respond or fulminating rejection-transplant nephrectomy 

Management of acute rejection includes 

+ Steroid pulses—methylprednisolone 1 gm IV x 3 days 
Antilymphocyte globulin (ALG) 

+ OKT-3 monoclonal anti-T cell antibodies 


may also be present. It is mediated predominantly by 
T-lymphocyte but antibody may also be responsible. It is 
characterized by mononuclear cell infiltration of the graft. 
The mononuclear cell infiltrate is heterogeneous and 
includes cytotoxic T cells, B cells, NK cells and activated 
macrophages. Antibody deposition may also be present. It 
occurs in 25-50% cases and can be reversed by appropriate 
immunosupptressive therapy (Box 143.15).°!08 


Chronic Graft Rejection 


Chronic rejection results in a gradual deterioration of 
function months to years after transplantation without 
clear evidence of a rejection episode. These may be due to 
antibody and cell mediated effector mechanism. A number 
of risk factors for chronic renal graft rejection have been 
identified such as long cold ischemia time, HLA mismatch, 
previous episodes ofacute rejection, Cytomegalovirus (CMV) 


Box 143.16: Chronic rejection 


Mechanism 

+ Combination of antibody and cellular immunity 

Pathology 

+ Arterial and arteriolar myointimal thickening, interstitial fibrosis 
occurring progressively causing glomerular sclerosis 

Clinically 


Slow deterioration of renal function over weeks or months 


Hypertension common, peripheral edema, ultrasound thick- 
ened parenchyma, minimal dilatation of collecting system. 
Isotope scan and biopsy confirm the diagnosis 

Action 

+ Unresponsive to increased immunosuppression exclude other 
causes of graft failure-return to dialysis 
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Box 143.17: Investigations of graft dysfunction 


infection, and inadequate immunosupression. Currently, 
available immunosuppressive therapy has little effect in the 
prevention of chronic rejection (Box 143.16).°!°'9"” 


Chronic Graft Dysfunction 


This is the most common problem in transplant surgery. 
Possible causes are acute tubular necrosis, arteriovenous 
thrombosis, urinary leak or obstruction, hyperacute or 
accelerated acute rejection and calcineurin blockers 
toxicity.°108 


Early Graft Dysfunction (Within Four Weeks) 


The most common cause of early graft dysfunction is 
ATN, which occurs more commonly in cadaveric kidney 
transplants. It may be prevented by preparing the donor 
properly and minimizing the warm ischemia time (Box 
143.17).22013 


ANTEGRADE PYELOGRAPHY 


A Doppler ultrasound (US) examination is the single 
most important investigation as it allows the exclusion of 
vascular complication and urinary obstruction as causes 
of graft dysfunction. Nuclear renal function studies (MAG3 
or DMSA and DTPA scan) can provide vital information 
concerning renal perfusion and excretory function. 


Post-transplant Renal Function by Isotope Study 


Post-transplant renal function by isotope scan is graded as 
follows: 


Grade 0: No uptake 

Grade I: Only kidney outline, no excretion 

Grade II. Excrete without peak accumulation 

Grade III: Excrete with delayed peak accumulation and 
delayed clearance 

Grade IV: Excrete with normal peak accumulation but 
delayed clearance 

Grade V:  Excrete with normal peak accumulation and 


normal clearance 


Increasing grade correlates well with subsequent function 
of graft, e.g. grade I, II and III requires dialysis in 70%, 
50% and 30% of cases respectively. Acute tubular necrosis 
usually resolves within 4 weeks of transplantation except a 
few suffers from primary nonfunctioning of graft. 


Delayed graft Dysfunction 


Delayed graft dysfunction may be due to acute or chronic 
rejection, drug toxicity, ureteric obstruction, recurrent 
diseases and infection. In this situation assessment of 
levels of immunosuppressive drugs along with all above 
investigations are done to exclude ureteric obstruction. 
If ureteric obstruction is detected then percutaneous 
antegrade pyelography should be performed and in the 
same sitting ureteric dilation and stenting of ureter can be 
completed.'*1618 


SURGICAL COMPLICATIONS 


Complications after renal transplant is very common 
due to the facts that many complex issues are related to 
this surgery, e.g. immunological, vascular and urological 
techniques. 


Vascular Complications 


Vascular complications occur infrequently after transplan- 
tation; however, when they occur they can be disastrous 
and must be recognized immediately.'°?8 


Arterial Occlusion 


Arterial occlusion can occur within the first few days post- 
operatively. A DTPA renal scan can help make the 
diagnosis. Nephrectomy is usually necessary; salvage is 
rare, 1912.18 


Acute Hemorrhage 


Acute hemorrhage occurring within the first few hours 
after transplantation can be from dehiscence of a vascular 
suture line or from undetected or poorly ligated vessels. 
Late hemorrhage is most often from a pseudoaneurysm or 
a mycotic aneurysm. Transplant nephrectomy is usually 
necessary. 


Transplant Artery Stenosis 


Transplant artery stenosis may produce uncontrollable 
hypertension months to years after transplantation. 
Surgical correction is often possible. 
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Thrombophlebitis 


Thrombophlebitis is a relatively uncommon occurrence; 
however, ifsuspected, phlebography should be performed. 


Graft Rupture 


Graft rupture usually presents as spontaneous severe pain 
and shock from massive life-threatening hemorrhage. It 
is believed to be caused by acute rejection and ischemia. 
Immediate nephrectomy is indicated. 


Lymphocele 


Lymphatic drainage from the area of dissection may 
occasionally be excessive, resulting in leakage from the 
incision or surgical drains. Occasionally, more prolonged 
drainage can result in a lymphocele which is best 
diagnosed by US. The draining fluid can be differentiated 
from urine by its creatinine with plasma creatinine. If the 
fluid is urine, then the level of creatinine of measuring 
fluid will be greater than plasma. It can also be determined 
by intravenous injection of indigo carmine, which should 
only appear in the urine. Most lymph drainage will 
spontaneously resolve; however, if a significant collection 
develops and compromises renal function by local 
compression on the graft, then percutaneous or surgical 
drainage should be performed." 


Urologic Complications 


Decreased urine output in the immediate postoperative 
period may be due to a blood clot in the ureter or bladder. 
Irrigation of the bladder should be attempted. Mechanical 
obstruction at the ureterovesical anastomosis is common 
andcan be caused by edemaatthe anastomosis or infarction 
of the distal ureter. Ureteral ischemia can also result in 
urinary extravasation with fever and graft tenderness. 
Ultrasound will usually make the diagnosis. Prompt and 
aggressive open surgical intervention is indicated. 


Infectious Complications 


Infections are the most common and life-threatening 
complications for the transplant recipient. 
Immunosuppressive therapy coupled with leukopenia, 
hyperglycemia, and azotemia markedly increases the 
risk of serious complicated infections. Bacterial sepsis is 
most common; however, opportunistic infections such as 
CMV, herpes simplex, Pneumocystis carinii, tuberculosis 
or Candida albicans and Aspergillus infection are major 
problems. Opportunistic infections are rare in the first 


month post-transplant. Treatment of infections should 
be aggressive with intravenous antibiotics. Cyclosporine 
or azathioprine should be discontinued during life- 
threatening infections and corticosteroids should be given 
at physiologic doses.’°!*8 


Infectious Complications (General Points) 


A major causes of morbidity and mortality increased risk 
due to immunosuppression and chronic renal failure. 
Opportunist infection relatively common. Many units 
institute barrier nursing as prophylaxis for first 2 weeks 
when immunosuppression is kept at highest level.’ 

Urinary tract infections are a common source of 
bacterial sepsis in the post-transplant patient. Use of 
prophylactic antibiotics and early removal of the Foley’s 
catheter can help lessen their incidence.° 

Wound infection must always be suspected in the 
post-transplant patient with high fever. The incision will 
often look benign even in the face of a grossly purulent 
abscess. Do not underestimate the masking effect of 
immunosuppressive agents. 

Pulmonary infection with gram-negative bacteria, 
fungi, Pneumocystis carinii, and Cytomegalovirus usually 
presents with fever and pulmonary infiltrates. However, 
CMV and Pneumocystis can often cause severe respiratory 
failure prior to radiographic evidence of pneumonia.’ 


Box 143.18: Common post-transplant infections 
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Box 143.19: Post-transplant malignancy 


Meningitis will often be masked byimmunosuppressive 
therapy. Patients with unexplained fever, dull headache, 
photophobia, or mental status changes should undergo 
lumbar puncture. Look for Listeria, Candida, Cryptococcus, 
and Aspergillus (Box 143.18).° 


Post-transplant Malignancy 


Certain types of malignant disease related to oncoviruses 
are more common in post-transplant patients. The most 
common tumors are seen in post-transplant cases are skin 
cancers (squamous cell carcinoma, basal cell carcinoma 
and malignant melanoma), non-Hodgkin’s lymphoma 
and Kaposi’s sarcoma (uncommon) (Box 143.19). 


SKIN CANCERS 


The three most common skin cancers are squamous cell 
carcinoma, basal cell carcinoma and malignant melanoma. 

The cancers become more common with the age after 
transplantation and exposure to sun cure. Advanced 
tumors are usually fatal. 


Box 143.20: Factors influencing graft function 


OUTCOME OF RENAL TRANSPLANTATION 


Patient survival after cadaveric renal transplantation is 
more than 90% at 1 year and more than 80% at 5 years. In 
living related kidney transplantation, over all graft survival 
is more than 90% at one year and more than 80% at 5 years. 
Graft survival is around 85% at 1 year and 65% at 5 years. 
Graft survival after second transplant is only marginally 
worse than after a first graft. Graft survival is improved by 
good tissue matching especially at HLA-B and HLA-DR 
locus. Cyclosporin A has been shown to improve graft 
survival significantly. Most common cause of graft loss 
is chronic rejection. Death with a functioning graft is the 
second major cause of graft loss (Box 143.20). 

Survival rates for patients undergoing kidney transplants 
are 95-96% one year post-transplant, and 91% three years 
after transplant. More than 2,900 patients on the transplant 
waiting list died in 2001. The success of a kidney transplant 
graft depends on the strength of the match between donor 
and recipient and the source of the kidney. According 
to the organ procurement and transplantation network 
(OPTN) 2002 annual report, cadaver kidneys have a five- 
year survival rate of 63%, compared to a 76% survival rate 
for living donor kidneys. However, there have been cases of 
cadaver and living, related donor kidneys functioning well 
for over 25 years. In addition, advances in transplantation 
over the past decade have decreased the rate of graft 
failure; the United States renal data system (USRDS) reports 
that graft failure dropped by 23% in the years 1998-2000 
compared to failures occurring between 1994 and 1997.”4 


REFERENCES 


1. Bartlett ST, Farney AC, Jarrell BE, etal. Kidney transplantation 
at the University of Maryland. Clin Transpl. 1998.pp.177-85. 

2. Berney T, Malaise J, Mourad M, et al. Laparoscopic and 
open live donor nephrectomy: a cost/benefit study. Transpl 
Int. 2000;13(1):35-40. 

3. Delmonico FL, Sheehy E, Marks WH, et al. Organ donation 
and utilization in the United States, 2004. Am J Transplant. 
2005;5(4 Pt 2):862-73. 

4. Ratner LE, Kavoussi LR, Schulam PG, et al. Comparison of 
laparoscopic live donor nephrectomy versus the standard 
open approach. Transplant Proc. 1997;29(1-2):138-9. 

5. Rayhill SC, Heimes M, Kirk AD, et al. Simultaneous 
pancreas--kidney transplantation: recent experience 
at the University of Wisconsin. Exp Clin Endocrinol. 
Diabetes. 1996;104(5):353-9. 

6. Varon NF, Alangaden GJ. Emerging trends in infections 
among renal transplant recipients. Expert Rev Anti Infect 
Ther. 2004;2(1):95-109. 


939 


940 


10. 


15. 


16. 


Section 18 Transplant 


Magee CC. Transplantation across previously incompatible 
immunological barriers. Transpl Int. 2006;19:87-97. 

Huh KH, Kim MS, Ju MK, et al. Exchange living-donor kidney 
transplantation: merits and limitations. Transplantation. 
2008;86:430-5. 

Akers, Ivens K, GuoZ, etal. Cardiovascular complications after 
renal transplantation. Transplant Proc. 1998;30(5):2039-42. 
Al-asfari R, Fahdi L, Hadidy S, et al. Medical complications 
of renal transplantation. Transplant Proc. 1999;31(8):3218. 


. Bettschart V, Schneider R, Berutto C, et al. A step- 


by-step approach to _ laparoscopic live donor 


nephrectomy. Transplant Proc. 2000;32(1):117-8. 


. Beyga ZT, Kahan BD. Surgical complications of kidney 


transplantation. J Nephrol. 1998;11(3):137-45. 


. Braun WE. Long-term complications of renal transplan- 


tation. Kidney Int. 1990;37(5):1363-78. 

Hauser IA, Neumayer HN. Tacrolimus and cyclosporine 
efficacy in high-risk kidney transplantation. European 
Multicentre Tacrolimus (FK506) Renal Study Group. Transpl 
Int. 1998;11 Suppl 1:S73-7. 

Häyry P, Myllarniemi M, Calderon Ramirez L, et al. Imm- 
unobiology and pathology of chronic rejection. Transplant 
Proc. 1997;29(1-2):77-8. 

Hunsicker LG. A survival advantage for 
transplantation. N Engl J Med. 1999;341(23):1762-3. 


renal 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


Jindal RM, Hariharan S. Chronic rejection in kidney 
transplants. An in-depth review. Nephron. 1999;83(1):13-24. 
Jordan ML, Shapiro R, Vivas CA, et al. The use of tacrolimus 
in renal transplantation. World J Urol. 1996;14(4):239-42. 
Katz SM, Amante A, Schoenberg L, et al. Oral cyclosporine 
preparations immediately following renal transplan- 
tation. Transplant Proc. 1996;28(4):2164. 

Kozaki K, Takeuchi H, Hirano T, etal. Withdrawal or reduction 
ofsteroids based on pharmacodynamics assessed by antilym- 
phocyte action after renal transplantation. Transplant Proc. 
1996;28(3):1300-1. 

Kreis H, Cisterne JM, Land W, et al. Sirolimus in associ- 
ation with mycophenolate mofetil induction for the 
prevention of acute graft rejection in renal allograft recipi- 
ents. Transplantation. 2000; 69(7):1252-60. 

Lewis RM, Janney RP, Golden DL, et al. Stability of renal 
allograft function associated with long-term cyclosporine 
immunosuppressive — therapy—five follow-up. 
Transplantation. 1989;47(2):266-72. 

Wolfe RA, Ashby VB, Milford EL, et al. Comparison of 
mortality in all patients on dialysis, patients on dialysis 
awaiting transplantation, and recipients of a first cadaveric 
transplant. N Engl J Med. 1999;341(23):1725-30. 

Levinsky NG. Quality and equity in dialysis and renal 
transplantation. N Engl J Med. 1999;341(22):1691-3. 


year 


Chapter 


144 


PRELUDE 


Mahesh R Desai 


Laparoscopic organ donation has been accepted as a gold 
standard technique in most of the advanced renal transplant 
center. The procedure has a great impact over the donor 
motivation program. The growing shortage of organs 
available for transplantation has resulted in the increased use 
of living donors for kidney transplantation. A laparoscopic 
technique is now available for removal of kidneys from living 
donors which is superior to the old approach. Potential 
benefits include less pain, shorter hospitalization, rapid 
return to normal activity, and improved cosmesis.'® 


HISTORY OF LAP DONOR NEPHRECTOMY 


The first report of successful laparoscopic removal of a 
donor kidney was by Ratner and Kavousi. The surgery 
is performed in a fashion similar to other laparoscopic 
surgeries. The donor is under general anesthesia and is 
positioned on her side. The surgical dissection is done 
through four small laparoscopic operating ports ranging 
in size from 0.5 to 1.2 cm (Fig. 144.1). 


Traditional Open Living Donor Nephrectomy 


Until recently, living donor nephrectomy required incision 
in the flank either through or just below the 12th rib. 
The procedure is extremely safe (mortality 0.03%) and 
provides a kidney that is in optimal condition. However, 
the morbidity is substantial, ranging from 15% to 20% or 
higher. The risk of wound complications including flank 
hernia approaches 9% and the risk of pneumothorax is 8%. 

Chronic wound bulging or diastasis occurs in as many 
as 25% of patients. Return to normal activity may be as long 
as 6-8 weeks. The well-known limitations of the standard 
flank-incision open nephrectomy, combined with the 
success of other laparoscopic solid organ surgery such as 
splenectomy and adrenalectomy, provided the impetus to 
develop a minimally invasive method to remove kidneys 
from living donors. Potential benefits include less pain, 


Transperitoneal Donor 
Laparoscopic Nephrectomy 


Fig. 144.1: Intraoperative photograph of laparoscopic instrument 
placement during minimally invasive living donor nephrectomy. 
The patient’s head is to the left, with her right side down. The left- 
most port in the photograph is for the camera, and the other two 
are operating ports 


shorter hospitalization, rapid return to normal activity, 
and improved cosmesis.*'* 


Laparoscopic Techniques 


Both transperitoneal and retroperitoneal laparoscopic 
techniques reduce these disincentives, and data suggest 
that their availability may have increased the number of 
living renal donors at centers that have incorporated this 
technique. The first laparoscopic donor nephrectomy was 
performed in 1995. Donors are able to return to their normal 
responsibilities of family and work after only 1-2 days of 
postoperative hospital stay. Most centers begin their series 
with left-sided, single-artery kidneys, but multiple arteries 
and right-sided donation have been documented with 
excellent graft survival rates (Fig. 144.2). 

The positioning and dissection technique is similar to 
that of laparoscopic nephrectomy, except that the ligation of 
the vasculature is one of the last steps. The ureter, vein, and 
artery are circumferentially dissected and tagged. For the 
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Left donor 
kidney 


5 mm video and 
insufflation port 


10-12 mm 
harmonic 
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kidney retrieval 


Fig. 144.2: Port placement for the laparoscopic donor 
nephrectomy 


Ureter 


Fig. 144.3: Plan of live donor nephrectomy 


pure laparoscopic technique, a pre-marked low transverse 
incision is carried down to the peritoneum (Fig. 144.3). 

The ureter, artery, and vein are clipped and transected 
in sequential order. To optimize renal vein length, 
especially on the right side, an endoscopic stapler that lays 
down three rows of staples without cutting can be used, in 
place of the more commonly used stapler that lays down 
six rows of staples and cuts in between rows three and four. 
A peritoneotomy is made and the kidney is passed to the 
recipient team.” 


Hand-Assisted Laparoscopic Techniques 


Many centers use hand-assisted laparoscopic techniques 
for live renal donation. Proponents of hand-assisted 


Fig. 144.4: Final scar following laparoscopic donor nephrectomy 


approaches argue that the incision should be made at the 
beginning of the procedure and utilized for assistance in 
dissection. Others use the retroperitoneal approach for 
laparoscopic donor nephrectomy, claiming decreased 
operative times. Surgeon’s experience and comfort level 
will dictate the laparoscopic technique. Laparoscopic 
donor nephrectomy produces renal units that function as 
well as those from open donation procedures, with similar 
complication rates. With widespread use of laparoscopic 
renal donation, it is hoped that kidney supply will match 
the demand for these life saving organs (Fig. 144.4).*“ 


Benefits to the Donor 


The advantages of laparoscopic surgery come from 
minimizing the trauma of access to internal organs. By 
avoiding a long incision through the muscles, many 
postoperative problems are eliminated and pain is 
markedly reduced. This enables the donor to breathe and 
cough better. Use of strong pain medications is drastically 
reduced so the drowsiness, fatigue and unsteadiness they 
cause, is minimized. 


Risks for the Donor 


All operations carry some risk. Any operation can be 
complicated by bleeding and infection. If an operation 
has been performed through a large incision, a hernia (or 
muscle defect) can develop in the wound days, months 
or years later. Thrombosis and pulmonary embolus (clots 
to the lungs) are an ever present risk. It has been our 
experience that these complications are much less frequent 
after laparoscopic than conventional surgery. 

Even in traditional surgery, each operation has a 
specific complication that every surgeon strives to avoid. 
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These potential pitfalls are still present when the operation 
is performed laparoscopically. This may be suspected 
before the operation and confirmed with the laparoscope. 
If so, conversion to a conventional open procedure is for 
your safety. 


COMPLICATIONS 


Itis rare for there to be problems due to the surgery. Bleeding 
during or after surgery is the chief complication and is 
minimized by careful technique. Low blood pressure and 
faintness may be signs of bleeding and should be evaluated 
by the surgical team. Because the operation is performed 
alongside other organs it is theoretically possible that an 
injury could occur to one of them. Persistent pain, fever, 
nausea or vomiting should be notified to the surgeon. ^®191548 


CONCLUSION 


Laparoscopiclivingdonornephrectomy, likeits counterpart 
laparoscopic cholecystectomy, represents an important 
advance in surgical technology. It has significantly eased 
the discomfort and time required to donate a kidney. The 
procedure is technically demanding and should only be 
pursued by surgeons with advanced laparoscopic skills. As 
this technology encourages increased rates of living kidney 
donation, significant savings for end-stage renal disease 
(ESRD) medical care and increased worker productivity 
will be realized by avoiding the disability associated with 
ESRD. Future research should be conducted in large, 
multicenter, randomized controlled trials with defined 
follow-up periods, taking into consideration the experience 
of the surgeon, the learning curve of the procedure, and 
the comorbidities of the patient.*!*” 
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Most preferred modality for renal replacement therapy is 
renal transplantation, and its superiority in prolonging the 
longevity of patients with end-stage renal disease (ESRD) is 
well-established. In United States, more than 12,000 kidney 
transplants were performed in 1998 and the waiting list for 
transplants has increased threefold, from approximately 
13,000 in 1988 to 43,000 in 1999. Itis seen that economically, 
transplantis amore feasible method ofreplacement therapy, 
an important factor when considering the increasing health 
care costs and the government’s continued commitment to 
providing coverage of ESRD therapies. 

Series of cadaveric renal transplants performed in the 
early 1950s by Hume in Boston, as well as similar operations 
in Paris, marked the first successes in the field. During 
mid-1950s, expertise in the science of cell-mediated 
immunity provided a foundation for the understanding of 
the immune response. 

One of the mainstays in the immunosuppressive 
regimen, azathioprine, a less toxic derivative of 
6-mercaptopurine (MP) introduced in 1960, and 
corticosteroids remained the primary immunosuppressive 
drug regimen over the next two decades. 

Task of transplantation was revolutionized by the 
introduction of cyclosporine in the early 1980s, and this 
agent remains the mainstay of immunosuppression at most 
centers. The cyclosporine is derived from fungi and works 
by inhibiting the transcription of interleukin (IL)-2 mRNA, 
leading to decreased production of IL-2 and other cytokines 
critical to T cell activation and proliferation. The cyclosporine 
and other immunosuppressive drugs have lowered the 
incidence of acute rejection and have improved long-term 
survival. The median cadaveric graft survival improved from 
5.2 years in 1986-1987 to 10.2 years in1994-1995. 

The median living donor graft survival also improved 
over the same periods from 10 years to 16.2 years, and steady 
increases in both cadaveric and living donor graft survival 
also occurred. The patient survival has also improved, 


Medical Complications ot 
Renal Transplants 


but has been associated with medical complications that 
both impair the quality of life of transplant recipients 
and substantially add to societal health care costs. The 
long-term complications of renal transplantation can 
arbitrarily be thought of as those occurring more than 3 
months from the time of surgery. There are a number of 
complications in the early perioperative period, including 
delayed graft function due to tubular necrosis, acute 
allograft dysfunction from a variety of causes (acute 
rejection, ischemic tubular necrosis, nephrotoxic drugs 
and infection), untoward side effects from drugs at higher 
doses, and a variety of infections more common early in the 
transplant course. But, long-term medical complications of 
renal transplantation have become increasingly important. 
Most important of these include infection, malignancy, 
bone disease, and cardiovascular disease. Hypertension, 
post-transplant diabetes mellitus, cataracts, post-transplant 
erythrocytosis, chronic allograft nephropathy, and recurrent 
disease all account for increased morbidity in the transplant 
recipients and deserve special consideration. 

The first transplantation ofa kidney from one human to 
another in 1954, renal transplantation has evolved from the 
realm of experimental medicine to the commonplace. The 
transplantation is now the preferred treatment for ESRD, 
and, to date, more than 250,000 kidney transplants have 
been performed in the United States alone. 


POST-TRANSPLANTATION MORBIDITY 
AND MORTALITY 


Graft Prognosis 


The graft prognosis is directly related to the source of the 
donor kidney: recipients of cadaveric kidneys generally 
have more episodes of rejection and lower graft survival 
rates. Graft survival rate for kidneys from living donors is 
approximately 95% at 1 year and 76% at 5 years, whereas 
the graft survival rate for kidneys from cadaveric donors is 
89% at 1 year and 61% at 5 years. 
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Morbidity 


Complications of transplantation may include infection 
and graft failure, the major causes of morbidity after renal 
transplantation. Other complications are hypertension 
(occurring 75-85% of all renal transplant recipients), 
hyperlipidemia (60%), cardiovascular disease (15.8- 
23%—a 10-fold increase over the general population), 
diabetes mellitus (16.9-19.9%), osteoporosis (60%), and 
malignant neoplasm (14%). 

The cardiovascular disease is increased ten-fold 
compared with the general population, and the rate 
of malignancies appears to be related to the degree of 
immunosuppression. The diabetesis more likely to be present 
prior to transplantation, and new-onset diabetes is related to 
corticosteroid and tacrolimus use after transplantation. 


Mortality 

Recipients from living related donors have lower 
mortality rates than recipients from cadaveric donors 
and likely related to fewer rejection episodes and thus 
lower immunosuppression requirements. Survival rate of 
patients after transplantation from a living donor is 98% at 
1 year and 91% at 5 years; the survival rate after cadaveric 
donation is 95% at 1 year and 81% at 5 years. Most common 
causes include coronary artery disease (30.4%), sepsis 
(27.1%), neoplasm (13%), and stroke (8%). In the first year 
post-transplantation, most deaths are due to infectious 
causes. Long-term mortality rates are more closely related 
to the development of coronary artery disease. 


IMPORTANT HISTORY IN TRANSPLANTATION 
COMPLICATIONS 


Following are of particular importance in the history of any 
patient with an organ transplant presenting to the physicians: 
e ‘The current symptoms, especially fever 
e The transplant age (i.e. interval since transplant) 
e The living or cadaveric organ source 
e The previous episodes of rejection (may have 
necessitated an increase of immunosuppression) 
e ‘The current medications, including over-the-counter 
drugs 
e ‘The recent medication changes 
e ‘The immunosuppressive therapy 
e The compliance with therapy 
e ‘The previous infections 
e ‘The recent exposure to ill patients 
Patients with renal transplants, many of the specific 
etiologies of infections can be correlated to the age 
of the graft. The most opportunistic infections occur 
after the first month post-transplant up through the 
first year but especially between months 1 and 6 when 
immunosuppression is maximized. Patients with 


cadaveric grafts have significantly lower graft survival rates 
and increased infectious complications. 

The patients with multiple rejection episodes requiring 
more aggressive immunosuppression are at significantly 
higher risk for infectious complications than patients who 
have experienced little or no rejection. The noncompliance 
with antirejection medications is the leading cause of late 
acute rejection. Complete medication history must include 
all over-the-counter medications. The cyclosporine is 
especially important to note because of its wide range of 
drug interactions. 

It is also important to note are recent exposures to 
patients with infections [e.g. chickenpox, cytomegalovirus 
(CMV), tuberculosis] and history of chronic infections (e.g. 
CMV, EBV, hepatitis). The reactivation of chronic infections 
and exposures is the most common source of infections in 
transplant patients. 


Physical Examination 

Pyrexia is the most common presentation of an infection 
in patients with a transplant. It may be noted that uremia, 
hyperglycemia, and immunosuppressants (including 
steroids) commonly suppress or mask fever. Hypotension 
and tachycardia are obvious clues to hypovolemia. 
The edema is a less reliable finding owing to chronic 
hypoalbuminemiafrommalnutrition, nephroticsyndrome, 
and chronic liver disease common in these patients. The 
graft generally is placed in the right or left iliac fossa in an 
extraperitoneal position and is most often anastomosed 
to the internal or external iliac artery and should be 
inspected, palpated, and auscultated. Graft insertion site 
should be inspected for signs of wound infection. The 
graft tenderness and swelling often are observed in acute 
rejection, outflow obstruction, pyelonephritis, and renal 
vein occlusion. Bruit often can be heard in cases of renal 
artery stenosis and arteriovenous malformation. 


RENAL TRANSPLANTATION COMPLICATIONS 


Allograft Dysfunction and Rejection 


Dysfunction of renal allografts is now one of the most 
common causes of ESRD, accounting for 25% of all patients 
awaiting renal transplants. The renal transplants can fail for all 
the same causes as native kidneys, as well as for causes unique 
to transplant patients. The rejection is related primarily 
to activation of T cells, which, in turn, stimulate specific 
antibodies against the graft. Clinical syndromes of rejection 
can be correlated with the length of time after transplantation. 
The hyperacute rejection occurs immediately in the 
operating room, when the graft becomes mottled and 
cyanotic and this type of rejection is due to unrecognized 
compatibility of blood groups A, AB, B, and O (ABO) ora 
positive T cell crossmatch (class I HLA incompatibility). 
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Acute rejection appears within the first 6 post-transplant 
months and affects approximately 15% of transplanted 
kidneys. About 20% of patients with transplants experience 
recurrent rejection episodes. The patients present 
with decreasing urine output, hypertension, and mild 
leukocytosis. The fever, graft swelling, pain, and tenderness 
may be observed with severe rejection episodes. Rejection 
is secondary to prior sensitization to donor all antigens 
(occult T cell crossmatch) or a positive B cell crossmatch. 
Final diagnosis depends upon a graft biopsy. The acute 
rejection is treated with a 3-5 day course of high-dose 
intravenous steroids. Late acute rejection is correlated 
highly with scheduled withdrawal of immunosuppressive 
therapy 6 months after transplantation. 


CHRONIC ALLOGRAFT INJURY 


Gradual declining kidney foundation associated with 
interstitial fibrosis, tubular atrophy have been said to 
have chronic rejection or chronic allograft nephropathy. 
The causes of chronic allograft injury (CAI), includes 
hypertension, calcineurin inhibitor (CNI), toxicity, chronic 
antibody mediated rejection and others. The overall cause 
of death is up to 50% of graft failure. The most common 
causes are CAI, followed by acute rejection and recurrent 
primary kidney disease. 


Anatomic Complications 


The renal artery thrombosis generally a complication of 
the immediate post-transplant hospitalization, though it 
may present later may be caused by a low flow state from 
hypotension or vascular kinking due to surgical error. 
Presenting symptom is sudden cessation of urine output, 
and the likely outcome is graft loss. It is diagnosed by color 
flow Doppler ultrasonography. 

The renal vein thrombosis, typically an early 
complication, presenting as graft tenderness and edema. 
Patient develops pain and swelling over the graft site, as 
well as dark hematuria and diminished urine volume. This 
is diagnosed by color flow Doppler ultrasonography. 

The renal artery stenosis usually is a later complication 
and may presents as uncontrolled hypertension, allograft 
dysfunction, and peripheral edema. This is diagnosed by 
color Doppler ultrasonography or magnetic resonance 
angiography (MRA). 

The urine leak results from disruption of the 
anastomotic connection of the ureter to the graft; this 
generally occurs within the first 2 months post-transplant. 
The symptoms include fever, pain, abdominal swelling, 
and graft dysfunction. Ultrasonography demonstrates 
perigraft fluid collection. 


The ureteric obstruction can be due to hematuria or 
chronic fibrotic changes at the anastomosis site or due 
to extrinsic compression from urinoma, hematoma, or 
lymphocele. The graft becomes distended and edematous, 
and ultrasonography reveals hydronephrosis. 

The perinephric lymphocele can occur in up to 15% 
of patients as a result of operative trauma to lymphatic 
vessels. It may presents as a mass at the graft site that can 
occasionally impinge on and obstruct the ureter. 


Infection 


The infection is the most common cause of first-year 
post-transplantation mortality and morbidity. In the first 
post-transplantation year, 40-80% of transplant recipients 
experience at least one infection; however, these numbers 
are decreasing as more transplant recipients receive 
preoperative immunizations and take post-transplantation 
antibiotic prophylaxis. 

The infection most commonly occurs in mucocuta- 
neous areas (41%), the urinary tract (17.2%), and the 
respiratory tract (13.9%). The most common infective 
agents were bacterial (45.9%), viral (40.6%), fungal (12.5%), 
and protozoan (1%). CMV (31.5%), herpes simplex (23.4%), 
and herpes zoster (23.4%) were the most frequent viral 
illnesses. Infection (32%) was the most common cause 
of death; pneumonias accounted for 50% of the patient 
deaths from infection. 

The infectious agents can often be identified by 
the time interval from transplantation to presentation. 
First post-transplantation month is dominated by 
infections directly related to the surgery. Tuberculosis 
is common in Asian countries, particularly South Asia, 
which comprise 12-15%. Extrapulmonary tuberculosis 
is more common than pulmonary tuberculosis. Anti- 
tubercular drug is cautiously administered and if patients 
received cyclosporine the dose is increased 2-3 fold when 
rifampicin is added. 

Initial six post-transplant months are associated with 
the highest levels of immunosuppression and therefore 
carry the greatest risk of viral and opportunistic infections. 
It is to be noted that CMV is responsible for more 
than two-thirds of febrile episodes during this period 
and these patients often present with fever, malaise, 
lymphadenopathy, arthralgias, and myalgias. Laboratory 
studies may show leukopenia with atypical lymphocytes 
and mild hypertransaminasemia. Diagnosis is based upon 
isolation of virus or antibody titers. Untreated CMV has 
been associated with a mortality rate as high as 15%. Other 
opportunistic infections may include Pneumocystis carinii 
pneumonia, listeriosis meningitis, and sepsis with the 
organism Aspergillus fumigatus. 
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Following the first 6 months, patients with renal 
transplants are divided into the following three subgroups: 
e The patients with good graft function on minimal 

immunosuppressants, who have the same risk of 

infection as the general population. 

e ‘The patients chronically infected with latent viruses 
(e.g. CMV, EBV, hepatitis B and C), who often have 
significant and ongoing end-organ damage (e.g. 
cirrhosis) due to such infections. The patients with 
poorly functioning grafts, who have sustained multiple 
episodes of rejection and who require large dosages of 
immunosuppressants. 


Malignancy 


The transplant recipients are at significantly higher risk for 
cancers than the general population because of (1) chronic 
immunosuppression; (2) chronic antigenic stimulation; 
(3) increased susceptibility to oncogenic viral infections 
and; (4) direct neoplastic action of immunosuppressants. 
The transplant recipients have a significant overall 2-5-fold 
higher riskin both sexes for cancers of the colon, larynx, lung, 
and bladder and in men for cancers of the prostate and testis. 
Ten to thirty fold high-risks exist for cancers of the lip, skin 
(nonmelanoma), kidney endocrine glands, non-Hodgkin 
lymphoma, and, in women, cervix and vulva-vagina. 


Liver Disease 


The chronic liver disease is an important cause of morbidity 
and mortality for patients with renal transplants. The 
etiologies of hepatic dysfunction include viral hepatitis and 
antirejection therapy. Out of all the viral infections, CMV 
is the leading cause of hepatic dysfunction, followed by 
hepatitis C and B. Ofantirejection medications, azathioprine 
and cyclosporine are known to cause cholestatic jaundice. 


Cyclosporine Toxicity 


The cyclosporine and tacrolimus (FK-506) nephrotoxicity 
is related to hemodynamic factors and acute cyclosporine 
toxicity (serum level > 300 ng/mL) causes vasoconstriction 
and renal ischemia, which can be reversed by decreasing 
drug dosage. Chronic toxicity results in fixed vascular 
lesions and irreversible renal ischemia. The calcium 
channel antagonists (e.g. diltiazem, verapamil, 
nicardipine) and certain antibiotics (e.g. erythromycin, 
doxycycline, ketoconazole) increase levels of cyclosporine 
and predispose to nephrotoxicity. Antibiotics (e.g. 
nafcillin, cotrimoxazole, isoniazid, rifampin) and 
certain anticonvulsants (e.g. phenytoin, phenobarbital, 
carbamazepine) decrease levels of cyclosporine and 


thereby predispose the patient to rejection. The drugs 
that enhance the nephrotoxicity of cyclosporine without 
altering blood levels include amphotericin B, acyclovir, 
and nonsteroidal anti-inflammatory drugs. 


Hypertension 


About50% ofallrenaltransplantpatients have hypertension. 
Most possible etiologies of hypertension include graft 
rejection, cyclosporine toxicity, glomerulonephritis, graft 
renal artery stenosis, essential hypertension from native 
kidneys, hypercalcemia, and steroid use. 


Cardiovascular Complications 


Risk of cardiovascular disease after transplant is up to 
10 times that for age- and sex-matched controls and the 
risk factors for such disease include pretransplant cardiac 
disease, hyperlipidemia secondary to antirejection 
medications, hypertension, steroid use, type-1 diabetes 
mellitus, erythrocytosis, smoking history, and multiple 
previous rejection episodes. 


MANAGEMENT STRATEGIES FOR COMMON 
PRESENTATIONS 


Work-up of Suspected Infection 


Obtain the following studies: 

e Urinalysis 

e Complete blood count (CBC) 

e Cultures (i.e. mouth, sputum, urine, blood, stool, 
access sites as appropriate) 

e Cytomegalovirus antibody titers 

e Chest radiography 

e Transplant ultrasonography 

e Lumbar puncture (in cases of suspected meningitis, 
particularly due to Listeria species) 


The urinary tract infections from indwelling catheters 
are the most common source of bacterial infections in 
this patient population and account for up to 69% of 
bacterial infections. Increased count of leukocyte with a 
left shift commonly is observed with bacterial infections 
unless immunosuppressive agents have suppressed the 
bone marrow. The leukopenia with an increase in atypical 
lymphocytes commonly is observed with viral infections. 

The patients may present with pneumonia from 
bacterial or viral agents. The tuberculosis may present 
with typical upper lobe distribution in reactivation forms; 
however, tuberculosis also may present atypically as a 
primary infection. 
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The ultrasonography is performed to identify urinary 
obstruction as well as fluid collections suggesting urine 
extravasation, abscess, pyelonephritis, or wound infection. 


Work-up of Acute Kidney Injury 


Acute kidney injury (AKI) in patients with transplants is 
defined as a 20% rise in serum creatinine level (as opposed 
to a 50% rise in nontransplant patients). The work-up, 
estimate the patient’s volume status. Hypovolemia should 
be corrected rapidly in all patients. 

Obtain the following studies: 

e Urinalysis 

e Electrolyte levels 

e Blood, urea and nitrogen and creatinine levels 
e Cyclosporine level 

e Transplant ultrasonography 

e Consultation for renal biopsy (if necessary). 

The urinalysis showing proteinuria and red cells raises 
suspicion for glomerulonephritis. The white cells raise 
suspicion for infection and obstruction. Hyperkalemia 
is a common complication of renal graft rejection and 
cyclosporine use. The cyclosporine (C2) levels greater 
than 1,500 ng/mL in Ist 3 months are associated with 
increased nephrotoxicity. Patient receives tacrolimus, 
level for 4-6 months are usually between 7 and 10 mg/ 
mL ultrasonography is performed to identify urinary 
obstruction. Color flow Doppler ultrasonography is 
necessary to evaluate vascular occlusion or stenosis. 

The renal biopsy represents the ultimate diagnostic 
modality and usually is required to diagnose most renal 
graft dysfunction definitively. 
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INTRODUCTION 


Jagdeesh N Kulkarni 


Renal tumor is a very common presentation in urological 
practice. Anumber of tumors may arise in kidney from the 
epithelium of collecting system or from connective tissues. 
Most important kidney neoplasms are adenocarcinoma 
of kidney, Wilms’ tumor, transitional cell carcinoma, 
sarcoma, oncocytoma, angiomyolipoma, leiomyoma, 
lipoma, heman-gioma, etc. Liberal use and wide 
availability of ultrasound (US), computed tomography 
(CT) and magnetic resonance imaging (MRI) scan, solid 
lesions in kidney are recognized in earlier stage and 
referred to urologist for management. Renal tumors can 
be benign and malignant. 


BENIGN TUMORS 


With the liberal use of CT scans and MRI, benign renal 
masses are being detected more frequently. Benign renal 
tumors include: 

e Adenoma 

e Oncocytoma 

e Angiomyolipoma 

e Leiomyoma, lipoma 

e Hemangioma 

e Juxtaglomerular tumors. 


Renal Adenomas 


Theadenomaisthemostcommon benignrenalparenchymal 
lesion. These are small, well-differentiated glandular tumors 
of the renal cortex. They are typically asymptomatic and 
usually identified incidentally. At autopsy, 7-22% of patients 
are found to have a renal adenoma. 

Despite the classification of adenoma as a benign 
tumor, no clinical, histologic, or immunohistochemical 
criteria differentiate renal adenoma from renal carcinoma. 
Previously, all renal tumors less than 3 cm were considered 
adenomas. However, even such small tumors can be of 
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high grade and advanced stage and metastasize and are 
now classified as renal cell carcinoma (RCC) (Fig. 146.1).!” 


Renal Oncocytoma 


Renal oncocytoma has a spectrum ofbehavior ranging from 
benign to malignant. Composed of large epithelial cells 
with finely granular eosinophilic cytoplasm (oncocytes), 
oncocytomas occur in various organs and organ systems 
including adrenal, salivary, thyroid, and parathyroid 
glands as well as the kidney. An estimated 3-5% of renal 
tumors are oncocytomas. Men are affected more often 
than women. Renal oncocytomas generally occur within 
a well-defined fibrous capsule, with tumor tissue rarely 
penetrating the renal capsule, pelvis, collecting system, or 
perinephric fat.” 

Metastasis is extremely rare though invasion of the 
lymphovascular spaces has been observed. On cut 
section, the surface of the tumor is usually tan or light 
brown with a central stellate scar, but necrosis typical of 
renal adenocarcinoma is absent. The tumors are usually 
solitary and unilateral, although several bilateral cases 


Fig. 146.1: Small renal cell cancer at upper pole of left kidney 
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and multiple oncocytomas occurring simultaneously 
(oncocytomatosis) have been reported. 

Oncocytomas can also be associated with benign 
tumors of hair follicles (fibrofolliculomas), colon polyps/ 
tumors, and pulmonary cysts as part of the Birt-Hogg-Dubé 
syndrome. The Familial Renal Oncocytoma syndrome has 
also been described. 

These patients may have a characteristic genetic 
abnormality involving a gene located on 17p encoding a 
protein named folliculin (Nickerson, 2002). Histologically, 
well-differentiated oncocytomas are made up of large, 
uniform cells containing an intensely eosinophilic 
cytoplasm, which on ultrastructural studies is found to be 
packed with mitochondria. Mitotic activity is absent, and 
nuclear pleomorphism is uncommon. 

Consistent chromosomal alterations such as loss of 
chromosome 1 or Y and translocations in the short arm 
of chromosome 11 have been described in oncocytomas. 
The cellular origin of renal oncocytes has not been fully 
elucidated, although some early evidence suggested that 
oncocytes resemble proximal convoluted tubular cells. 
Other findings suggest their origin may be a precursor 
stem cell or the intercalated cells of the collecting ducts. 

The diagnosis of oncocytoma is predominantly 
pathologic because there are no reliable distinguishing 
clinical characteristics. Gross hematuria and flank pain 
occur in < 20% of patients. No characteristic features of the 
tumors appear on CT, US, intravenous urography (IVU) or 
MRI. Angiographic features of oncocytomas include the 
“spoke-wheel” appearance of tumor arterioles, the “lucent 
rim sign” of the capsule, and a homogeneous capillary 
nephrogram phase.** 

Unfortunately, these findings are not invariable, 
and similar findings have been reported in patients 
with RCC. High-grade oncocytomas may be intermixed 
with elements of RCC and can be found as co-existing 
lesions within the same or opposite kidney. The role of 
fine-needle aspiration in the preoperative diagnosis of 
oncocytomas remains controversial and limited, due to a 
lack of characteristic features that distinguish oncocytoma 
from RCC. 


Angiomyolipoma (Renal Hamartoma) 


Angiomyolipoma is a rare benign tumor of the kidney seen 
in two distinct clinical populations. Angiomyolipomas are 
found in approximately 45-80% of patients with tuberous 
sclerosis and are typically bilateral and asymptomatic. 
Tuberous sclerosis is a familial inherited disorder 
comprising adenoma sebaceum, mental retardation, and 
epilepsy. In patients without tuberous sclerosis, renal 


angiomyolipomas can be unilateral and tend to be larger 
than those associated with tuberous sclerosis.° 

There is no known histologic difference between the 
lesions seen in these two populations. Almost 25% of cases 
can be present with spontaneous rupture and subsequent 
hemorrhage into the retroperitoneum. Angiomyolipomas 
are unencapsulated yellow-to-gray lesions, typically round 
to oval that elevate the renal capsule, producing a bulging 
smooth or irregular mass. 

They are characterized by three major histologic 
components: mature fat cells, smooth muscle, and blood 
vessels. Renal hamartomas may extend to perirenal 
or renal sinus fat and involve regional lymphatics and 
other visceral organs. The presence of renal hamartomas 
in extrarenal sites is a manifestation of multicentricity 
rather than metastatic potential, because only one 
well-documented case of malignant transformation of 
angiomyolipoma has been reported." 

Patients with a rare condition termed lymphangio- 
leiomyomatosis may have multiple renal and hepatic 
angiomyolipomata, multiple pulmonary cysts, enlarged 
abdominal lymph nodes, and lymphangiomyomas. The 
diagnosis of renal angiomyolipoma has evolved with the 
widespread use of US and CT. Arteriography can reveal 
neovascularity similar to that of renal cancer and therefore 
is not helpful in differential diagnosis. 

Ultrasonography and CT are frequently diagnostic in 
lesions with high fat content. Fatvisualized on US appears as 
very high intensity echoes. Fat imaged by CT has a negative 
density, 20-80 Hounsfield units, which is pathognomonic 
for angiomyolipomas when tuberous sclerosis is a familial 
inherited disorder comprising adenoma sebaceum, mental 
retardation, and epilepsy. In patients without tuberous 
sclerosis, renal angiomyolipomas can be unilateral and 
tend to be larger than those associated with tuberous 
sclerosis. There is no known histologic difference between 
the lesions seen in these two populations. As many as 
25% of cases can present with spontaneous rupture and 
subsequent hemorrhage into the retroperitoneum. 

Angiomyolipomas are unencapsulated yellow-to-gray 
lesions, typicallyround to oval that elevate the renal capsule, 
producing a bulging smooth or irregular mass. They are 
characterized by three major histologic components: (1) 
mature fat cells; (2) smooth muscle; and (3) blood vessels. 
Renal hamartomas may extend to perirenal or renal sinus 
fat and involve regional lymphatics and other visceral 
organs. The presence of renal hamartomas in extrarenal 
sites is a manifestation of multicentricity rather than 
metastatic potential, because only one well-documented 
case of malignant transformation of angiomyolipoma has 
been reported.’ 
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Patients with a rare condition termed lymphangioleio- 
myomatosis may have multiple renal and hepatic 
angiomyolipomata, multiple pulmonary cysts, enlarged 
abdominal lymph nodes, and lymphangiomyomas. The 
diagnosis of renal angiomyolipoma has evolved with the 
widespread use of US and CT. Arteriography can reveal 
neovascularity similar to that of renal cancer and therefore 
is not helpful in differential diagnosis. Ultrasonography 
and CT are frequently diagnostic in lesions with high 
fat content. Fat visualized on US appears as very high 
intensity echoes. Fat imaged by CT has a negative density, 
20-80 Hounsfield units, which is pathognomonic for 
angiomyolipomas when observed in the kidney. 

Therole ofMRlasadiagnostictoolhasbeeninvestigated; 
as in CT, the high fat content makes this lesion suitable for 
MRI diagnosis (Uhlenbrock, Fischer, and Beyer, 1988); 
however, because the presence of bleeding in any renal 
tumor can mimic the typical pattern of angiomyolipoma, 
MRI should not be considered the diagnostic method of 
choice. MRI can however be more useful than CT scanning 
in distinguishing lipid poor angiomyolipoma with low fat 
content from other solid renal lesions (Kim, 2006). 

The management of angiomyolipomas historically has 
been correlated with symptoms. Steiner and colleagues 
(1993) reported a long-term follow-up study of 35 patients 
with angiomyolipomas. They proposed that patients 
with isolated lesions less than 4 cm be followed up with 
yearly CT or US. Patients with asymptomatic or mildly 
symptomatic lesions, more than 4 cm, should be followed 
up with semiannual US. Patients with lesions more than 4 
cm with moderate or severe symptoms (bleeding or pain) 
should undergo renal-sparing surgery or renal arterial 
embolization. Given the difference in the natural history 
of angiomyolipomas in patients with tuberous sclerosis, 
Steiner et al. advocate prophylactic intervention in patients 
with lesions more than 4 cm irrespective of symptoms, 
with close follow-up of smaller lesions. Pregnancy may 
also increase the risk of growth and bleeding from larger 
renal angiomyolipomas which could be preemptively 
managed by embolization prior to or early in pregnancy. 


OTHER RARE BENIGN RENAL TUMORS 


Several other benign renal tumors are quite rare, including 
leiomyomas, hemangiomas, lipomas, and juxtaglomerular 
cell tumors. With the exception of juxtaglomerular tumors, 
there are no features that unequivocally establish the 
diagnosis before surgery; therefore, the pathologist 
most often provides the diagnosis after nephrectomy. 
Leiomyomas are rare small tumors typically found in 
smooth muscle-containing areas of the kidney including 


the renal capsule and renal pelvis. Two groups of renal 
leiomyomas have been described. The more common 
group comprises cortical tumors that are less than 2 cm 
and may be multiple. These tumors are typically found 
at autopsy and are not clinically significant. A larger, 
commonly solitary leiomyoma has been described, which 
may cause symptoms and is confirmed pathologically 
after nephrectomy.” 

Hemangiomas are small vascular tumors occurring 
in the kidney with a frequency second only to that in the 
liver among visceral organs. Multiple lesions in one kidney 
occur in approximately 12% of cases; however, they are 
rarely bilateral. They can occasionally be the elusive source 
of hematuria in an otherwise well-evaluated patient. The 
diagnosis may be determined by CT angiography, MR 
angiography, or by direct visualization by endoscopy.°” 

Renal lipomas are very uncommon deposits of mature 
adipose cells without evident mitosis that arise from the 
renal capsule or perirenal tissue. They are seen primarily 
in middle-aged females and, owing to the characteristic 
CT differentiation of fat, are best detected radiographically 
on CT scanning. 

The juxtaglomerular cell tumor is the most clinically 
significant member of this subgroup of rare benign tumors 
because it causes significant hypertension that can be 
cured by surgical treatment. It is a very rare lesion, with 
less than 100 reported cases and may have characteristic 
chromosomal alterations. The tumors occur more 
commonly in women in their 20s and 30s and are rarely 
malignant. The tumors originate from the pericytes of 
afferent arterioles in the juxtaglomerular apparatus and 
can be shown to contain renin secretory granules. They 
are typically encapsulated and located in the cortical 
area. The diagnosis is suspected when there is secondary 
hyperaldosteronism and is confirmed by selected renal 
vein sampling for renin. Although complete nephrectomy 
was advocated in the past, several recent reports indicate 
that partial nephrectomy can be equally effective. 


Adenocarcinoma of the Kidney 


In the United States in 2007, an estimated 51,190 new 
cases of adenocarcinoma of the kidney are expected to be 
diagnosed, and 12,890 deaths will occur from this disease. 
Renal cell carcinoma accounts for roughly 2.8% of adult 
cancers and constitutes approximately 85% of all primary 
malignant renal tumors. There appears to be an increase 
in the incidence of all stages of RCC over the past few 
decades. Renal cell carcinoma occurs most commonly 
in the fifth to sixth decade and has a male-female ratio of 
2:1. The incidence of renal cancer may vary based on race, 
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with black men demonstrating a higher incidence than in 
men of all other races. Black men may also have a higher 
likelihood of a subsequent RCC in the. Asians appear to 
have the lowest incidence of RCC. 

The cause of renal adenocarcinoma is unknown. 
Occupational exposures, chromosomal aberrations, and 
tumor suppressor genes have been implicated. Cigarette 
smoking is the only risk factor consistently linked to RCC 
by both epidemiologic case-control and cohort studies, 
with most investigations demonstrating at least a two-fold 
increase in risk for the development of RCC in smokers. 
Exposure to asbestos, solvents, and cadmium has also 
been associated with an increased incidence of RCC.” 

Renal cell carcinoma occurs in two forms, inherited 
and sporadic. In 1979, Cohen and colleagues described 
a pedigree with hereditary RCC in which the pattern of 
inheritance was consistent with an autosomal dominant 
gene with a balanced reciprocal translocation between 
the short arm of chromosome 3 and the long arm of 
chromosome 8. Subsequent work has documented 
that both the hereditary and sporadic forms of RCC are 
associated with structural changes in chromosome 3p. Two 
other hereditary forms of RCC have been described.” 

von Hippel-Lindau disease is a familial cancer 
syndrome in which affected individuals, have a 
predisposition to have tumors develop in multiple 
organs, including cerebellar hemangioblastoma, retinal 
angiomata, and bilateral clear cell RCC. In 1993, Latif and 
colleagues identified the von Hippel-Lindau gene, leading 
to the detection of a germ line mutation in approximately 
75% of families affected by von Hippel-Lindau disease.* 

Hereditary papillary renal carcinoma characterized 
by a predisposition to develop multiple bilateral renal 
tumors with a papillary histologic appearance. In contrast 
to von Hippel-Lindau patients, the major neoplastic 
manifestations appear to be confined to the kidney.’ 

Acquired cystic disease of the kidneys is a well- 
recognized entity of multiple bilateral cysts in the native 
kidneys of uremic patients. The risk of developing RCC has 
been estimated to be more than 30 times higher in patients 
receiving dialysis who have cystic changes in their kidney 
than in the general population.”! 

Several series reported in the literature suggest that 
RCC occurs in 3-9% of patients with acquired cystic 
disease of the kidneys.*'! Most RCC cases have been 
described in patients undergoing hemodialysis, but RCC 
has been reported in association with peritoneal dialysis 
and successful renal transplants and in patients with long- 
term renal insufficiency not requiring dialysis." 


Sarcoma of the Kidney 


Primary sarcomas of the kidney are rare, with a reported 
incidence ranging from 1-3% of all malignant renal 
neoplasms. Renal sarcomas are most commonly present in 
patients in the fifth decade of life, and there is a slight male 
predominance. Flank or abdominal pain and weight loss 
are the most frequent presenting symptoms. Primary renal 
sarcomas may be difficult to distinguish histologically 
from the sarcomatoid variant of renal carcinoma. 
Leiomyosarcomas compose approximately 50% of all renal 
sarcomas and occur with a female predominance of 2:1. 

The remaining 40-50% of renal sarcomas consists of 
fibrosarcomas, liposarcomas, hemangiopericytomas, 
osteogenic sarcoma, and malignant schwannomas. Renal 
sarcomas are typically of renal capsular origin. They 
present with symptoms analogous to those of other renal 
masses and tend to exhibit aggressive local spread with 
distant metastases to lung and liver as late findings. 

Radical nephrectomy for localized disease is the 
only effective therapy. Adjuvant radiotherapy has 
been demons-trated to decrease the incidence of local 
recurrence in patients with resectable retroperitoneal 
sarcomas; however, there is no improvement in overall 
survival. Various chemotherapeutic agents, including 
doxorubicin, dacarbazine, and ifosfamide, have activity 
in the treatment of metastatic disease, but responses are 
typically partial and of brief duration. 


Secondary Renal Tumors 


The kidney is a frequent site for metastatic spread of both 
solid and hematologic tumors. Wagle, Moore, and Murphy 
(1975) surveyed 4,413 autopsies at a major cancer center 
and found 81 (18%) cases of secondary carcinoma of the 
kidney (hematologic tumors were excluded). The most 
frequent primary site of cancer was lung (20%), followed 
by breast (12%), stomach (11%), and renal (9%). The 
authors noted that metastases to the renal parenchyma 
typically demonstrated capsular and stromal invasion with 
sparing of the renal pelvis and that bilateral secondary 
renal involvement was found in approximately 50% of 
cases. Albuminuria and hematuria are relatively common 
findings in patients with secondary renal metastases; 
however, pain and renal insufficiency are rare. 

Secondary, metastatic disease to the kidneys tends 
to be a late event, frequently in the setting of widely 
disseminated disease, which typically portends a poor 
prognosis. Therapy is dictated by the responsiveness of 
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the primary neoplasm; that is, patients with breast and 
ovarian cancers for which there is effective therapy are 
more likely to respond than patients with primary lung or 
gastric cancers.'*'® 

Autopsy series have reported clinically evident renal 
invasion by lymphoma to be 0.5-7%, with the rates of 
Hodgkin’s and non-Hodgkin’s lymphoma distributed 
equally. Renal involvement is usually in the form of 
bilateral, multiple, discrete tumor nodules. 

Renal involvement by non-Hodgkin’s lymphoma is 
typically characterized by diffuse, aggressive histologic 
findings (i.e. diffuse large cell) in the setting of extensive 
disease. Therapy typically consists of combination 
chemotherapy, with the prognosis of patients similar to 
that of patients without renal involvement but with widely 
disseminated, aggressive lymphomas.*®”* 


REFERENCES 


1. Linehan WM, Walther MM, Zbar B. The genetic basis of 
cancer of the kidney. J Urol.2003;170:2163-72. 

2. Minor LD, Picken MM, Campbell SC, et al. Benign renal 
tumors. AUA Update. 2003; 22:170-5. 

3. Schatz SM, Lieber MM. Update on oncocytoma. Curr Urol 
Rep. 2003;4:30-5. 

4. Chow WH, Devesa SS, Warren JL, et al. Rising incidence 
of renal cell cancer in the United States. JAMA. 
1999;281:1628-31. 

5. Neumann HP, Zbar B. Renal cysts, renal cancer, and von 
Hippel-Lindau disease. Kidney Int. 1997;51:16-26. 

6. Nelson CP, Sanda MG. Contemporary diagnosis and manage- 
ment of renal angiomyolipoma. J Urol. 2002;168:1315-25. 

7. Blute ML, Leibovich BC, Lohse CM, et al. The Mayo Clinic 
experience with surgical management complications and 
outcome for patients with renal cell carcinoma and venous 
tumour thrombus. BJU Int. 2004;94:33-41. 

8. Bosniak MA. The use of the Bosniak classification system for 
renal cysts and cystic tumors. J Urol. 1997;157:1852-3. 

9. Zbar B, Tory K, Merino M, et al. Hereditary papillary renal 
cell carcinoma. J Urol. 1994;151:561-6. 


10. Choyke PL, White EM, Zeman RK, et al. Renal metastases: 
clinicopathologic and radiologic correlation. Radiology. 
1987;162:359-63. 

Bukowski RM, Novick AC (Eds). Renal cell carcinoma: 
Molecular biology, immunology, and clinical management, 
Totowa, NJ: Humana Press; 2000. 

Crotty TB, Farrow GM, Lieber MM. Chromophobe cell renal 
carcinoma: clinicopathological features of 50 cases. J Urol. 
1995;154:964-7. 

Davis CJ, Barton JH, Sesterhenn IA, et al. Metanephric 
adenoma: Clinicopathological study of fifty patients. Am J 
Surg Pathol. 1995;19:1101-14. 

Davis CJ, Mostofi FK, Sesterhenn IA. Renal medullary 
carcinoma: The seventh sickle cell nephropathy. Am J Surg 
Pathol. 1995;19:1-11. 

Guinan PD, Vogelzang NJ, Fremgen AM, et al. Renal 
cell carcinoma: Tumor size, stage and survival. J Urol. 
1995;153:901-3. 

Herr HW. Partial nephrectomy for unilateral renal carcinoma 
and a normal contralateral kidney: 10-year follow-up. J Urol. 
1999;161:33-4. 

Lam JS, Shvarts O, Pantuck AJ. Changing concepts in the 
surgical management of renal cell carcinoma. Eur Urol. 
2004;45:692-705. 

Leibovich BC, Pantuck AJ, Bui MH, et al. Current staging of 
renal cell carcinoma. Urol Clin North Am. 2003;30:481-97. 
Motzer RJ, Mazumdar M, Bacik J, et al. Survival and 
prognostic stratification of 670 patients with advanced renal 
cell carcinoma. J Clin Oncol. 1999;17:2530-40. 

Robson CJ, Churchill BM, Anderson W. The results of 
radical nephrectomy for renal cell carcinoma. J Urol. 
1969;101:297-301. 

Schmidt L, Duh FM, Chen FẸ et al. Germline and somatic 
mutations in the tyrosine kinase domain of the MET 
proto-oncogene in papillary renal carcinomas. Nat Genet. 
1997;16:68-73. 

Schmidt LS, Nickerson ML, Angeloni D, et al. Early onset 
hereditary papillary renal carcinoma: Germline missense 
mutations in the tyrosine kinase domain of the met proto- 
oncogene. J Urol. 2004;172:1256-61. 


TI, 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22, 


955 


Chapter 


147 


PRELUDE 


Muhammad Choudhury 


Renal cell carcinoma (RCC) accounts for 90-95% of 
neoplasms and approximately 3% of adult malignancies 
arising from the kidney. A number of tumors may arise in 
kidney from the epithelium of collecting system or from 
connective tissues. Most important kidney neoplasms are 
adenocarcinoma of kidney, Wilms’ tumor, transitional 
cell carcinoma (TCC), sarcoma, etc. Liberal use and wide 
availability of ultrasound, Computed tomography (CT) 
and magnetic resonance imaging (MRI) scan, solid lesions 
in kidney are recognized in earlier stage and referred to 
urologist for management. 

Renal cell cancer well-marked by a lack of early 
warning signs, diverse clinical manifestations, resistance 
to radiation and chemotherapy, and surgical intervention 
remained as the only treatment of choice for the organ 
confined cancer. Metastatic renal cell cancer (mRCC) is a 
great challenge as the cancer is chemo and radio resistant. 
Currently molecular targeted therapy with tyrosine kinase 
inhibitor such as sunitinib, sorafenib, etc. become a 
standard protocol for the patients with metastatic RCC.'** 


PATHOPHYSIOLOGY 


The tissue of origin for RCC is the proximal renal tubular 
epithelium. Renal cancer occurs in both a sporadic 
(nonhereditary) and a hereditary form, and both forms 
are associated with structural alterations of the short 
arm of chromosome 3p (Fig. 147.1). Genetic studies of 
the families at high-risk for developing renal cancer led 
to the cloning of genes whose alteration results in tumor 
formation. These genes are either tumor suppressors 
(VHL, TSC) or oncogenes (MET). 

At least four hereditary syndromes associated with 
RCC are recognized: 
1. von Hippel-Lindau (VHL) syndrome 
2. Hereditary papillary renal carcinoma (HPRC) 


Renal Cell Carcinoma 


3. Familial renal oncocytoma (FRO) associated with Birt- 
Hogg-Dube syndrome (BHDS), and 
4. Hereditary renal carcinoma (HRC). 
von Hippel-Lindau disease is transmitted in an 
autosomal dominant familial multiple-cancer syndrome, 
which confers predisposition to a variety of neoplasms, 
including the following: 
e Renal cell carcinoma with clear cell histologic features 
e Pheochromocytoma 
e Pancreatic cysts and islet cell tumors 
e Retinal angiomas 
e Central nervous system hemangioblastomas 
e Endolymphatic sac tumors 
e Epididymal cystadenomas. 


DNA sequence 
in renal cell carcinoma 


Fig. 147.1: Chromosomal deletions and translocations of the 
short arm of chromosome 3 (3p) are associated with many renal 
cell carcinoma 
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Renal cell carcinoma develops in nearly 40% of patients 
with VHL disease and is a major cause of death among 
these patients. Deletions of 3p occur commonly in RCC 
associated with VHL disease. The VHL gene is mutated in 
a high percentage of tumors and cell lines from patients 
with sporadic (nonhereditary) clear cell renal carcinoma. 
Mutations of the VHL gene result in the accumulation 
of hypoxia inducible factors (HIFs) that stimulate 
angiogenesis through vascular endothelial growth factor 
and its receptor (VEGF and VEGER, respectively). VEGF 
and VEGFR are important new therapeutic targets. 
Current concept of treatment of the metastatic RCC is 
based on this principle.'* 

Hereditary papillary renal carcinoma is an inherited 
disorder with an autosomal dominant inheritance pattern; 
affected individuals develop bilateral, multifocal papillary 
renal carcinoma. Germ line mutations in the tyrosine 
kinase domain of the MET gene have been identified. 

Individuals affected with FRO can develop bilateral, 
multifocal oncocytoma or oncocytic neoplasms in 
the kidney. Birt-Hogg-Dube syndrome is a hereditary 
cutaneous syndrome. Patients with BHDS have a 
dominantly inherited predisposition to develop benign 
tumors of the hair follicle (i.e. fibrofolliculomas), 
predominantly on the face, neck, and upper trunk, and 
are at risk of developing renal tumors, colonic polyps or 
tumors, and pulmonary cysts. 


Incidence of Renal Cell Carcinoma 


The age-adjusted incidence of RCC has been rising by 3% 
per year. According to the American Cancer Society, in 
2007 there will be 51,590 cases (31,990 in males and 19,600 
in females) of malignant tumors of the kidney diagnosed 
in the United States with 12,890 deaths (8,080 in males 
and 4,810 in females); renal cell cancer accounted for 
80% of this incidence and mortality. The greatest increase 
in incidence currently is observed in African-Americans. 
Number of deaths worldwide from kidney cancer exceeded 
100,000 in 2001.°1° 


Mortality/Morbidity 


Renal cell carcinoma is the eighth or ninth leading cause 
of cancer death in the United States. The 5-year survival 
rates initially reported by Robson in 1969 were 66% for 
stage I renal carcinoma, 64% for stage II, 42% for stage 
III, and only 11% for stage IV. Except for stage I, these 
survival statistics have remained essentially unchanged 
for several decades.’ 


Causes 


No specific cause is found but a number of environmental 
and genetic factors have been identified which is associated 
with the development of RCC. 

e Cigarette smoking doubles the risk of RCC and 
contributes to as many as one-third of all cases. The 
risk appears to increase with the amount of cigarette 
smoking in a dose-dependent fashion. 

e Obesity is another risk factor, particularly in women; 
increasing body weight has a linear relationship with 
increasing risk. 

e Hypertension may be associated with an increased 
incidence of RCC. 

e Phenacetin-containing analgesia taken in large 
amounts may be associated with increased incidence 
of RCC. 

e There is an increased incidence of acquired cystic 
disease of the kidney in patients undergoing long-term 
renal dialysis; this predisposes to renal cell cancer. 

e Tuberous sclerosis 

e Renal transplantation: Acquired renal cystic disease of 
the native kidney also predisposes to renal cell cancer 
in renal transplant recipients. 

e VHL disease: This inherited disease is associated 
with RCC. 


Race Sex and Age 


Renal cell carcinoma is more common in people of 
Northern European ancestry (Scandinavians) and North 
Americans than in those of Asian or African descent. 
In the United States, its incidence has been equivalent 
among whites and African Americans, but incidence 
among African Americans is increasing rapidly. Renal cell 
carcinoma has a male-to-female preponderance of 1.6:1. 
This condition occurs most commonly in the fourth to 
sixth decades of life, but the disease has been reported in 
younger people who belong to family clusters. 


WORK-UP OF RENAL CELL CARCINOMA 


History 


Renal cell carcinoma may remain clinically occult for most 
of its course. The classic triad of flank pain, hematuria, 
and flank mass is uncommon (10%) and is indicative of 
advanced disease. Twenty-five to thirty percent of patients 
are asymptomatic, and their RCCs are found on incidental 
radiologic study.?*!04 
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Most common presentations (Classic triad) 

e Hematuria (40%) 

e Flank pain (40%) 

e Palpable mass in the flank or abdomen (25%). 


Other Signs and Symptoms 


Weight loss (33%), fever (20%), hypertension (20%), 
hypercalcemia (5%), night sweats, malaise and varicocele, 
usually left-sided, due to obstruction of the testicular vein 
(2% of males).?4!%!4 

Renal cell carcinoma is unique and challenging tumor 
because of the frequent occurrence of paraneoplastic 
syndromes, including hypercalcemia, erythrocytosis, 
and nonmetastatic hepatic dysfunction (i.e. Stauffer 
syndrome). Polyneuromyopathy, amyloidosis, anemia, 
fever, cachexia, weight loss, dermatomyositis, increased 
erythrocyte sedimentation rate, and hypertension also are 
associated with RCC (Box 147.1). 24104 

Cytokine released by tumor [e.g. Interleukin (IL)-6, 
erythropoietin, nitric oxide] causes these paraneoplastic 
conditions. Resolution of symptoms or biochemical 
abnormalities may follow successful treatment of the 
primary tumor or metastatic foci. 


Physical Examination 


e Gross hematuria with vermiform clots suggests upper 
urinary tract bleeding. 

e Look for hypertension, supraclavicular adenopathy, 
and flank or abdominal mass with bruit. 

e Approximately, 30% of patients with renal carcinoma 
present with metastatic disease. Physical examination 
should include thorough evaluation for metastatic 
disease. Organs involved include: lung (75%), soft 
tissues (36%), bone (20%), liver (18%), cutaneous sites 
(8%), and central nervous system (8%). 


Box 147.1: Presentation of renal cell carcinoma 


e Varicocele and findings of paraneoplastic syndromes 
raise clinical suspicion for this diagnosis. 


WORK-UP 


Laboratory Studies 


e Laboratory studies in the evaluation of RCC should 
include a work-up for paraneoplastic syndromes. 
Initial studies are as follows: urine analysis, complete 
blood count (CBC) with differential, electrolytes and 
renal profile. 

e Liver function tests [aspartate aminotransferase (AST) 
and alanine aminotransferase (ALT)]. 

e Calcium. 

e Erythrocyte sedimentation rate. 

e Prothrombin time. 

e Activated partial thromboplastin time. 

e Other tests indicated by presenting symptoms. 


Imaging Studies 


A large proportion of patients diagnosed with renal cancer 
have small tumors discovered incidentally on imaging 
studies. A number of diagnostic modalities are used to 
evaluate and stage renal masses, including the following: 
e Ultrasonography biography 

e Excretory urography 


e CT scan 
e CT, MR Angiography 
e MRI 


e Positron emission tomography (PET). 

Ultrasound examination is the first imaging modalities 
which is a part of the clinical evaluation nowadays. 
Ultrasound can be useful in evaluating questionable cystic 
renal lesions if CT imaging is inconclusive. Large papillary 
renal tumors and tumor less than 2 cm are frequently 
undetectable by renal ultrasound. 

Determining whether a space-occupying renal mass 
is benign or malignant can be difficult. Radiologic studies 
should be tailored to enable further characterization 
of renal masses, so that nonmalignant tumors can be 
differentiated from malignant ones. 

Excretory urography is not used currently in the initial 
evaluation of renal masses because of its low sensitivity 
and specificity. A small to medium-sized tumor may be 
missed by excretory urography. 

Multislice contrast-enhanced CT scanning has become 
the imaging procedure of choice for diagnosis and staging 
of renal cell cancer and has virtually replaced excretory 
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urography and renal ultrasound. In most cases, CT 
imaging can differentiate cystic masses from solid masses 
and supplies information about lymph node, renal vein, 
and inferior vena cava (IVC) involvement. 

Currently, CT and MR angiogram is available with 
conventional CT urogram or MRI scan. Formal renal 
arteriography is not used currently. When renal vein or IVC 
involvementis suspected, MR angiogram or CT angiogram 
may provide important information in planning the 
vascular aspect of the operative procedure. 

A bone scan is recommended for bony symptoms with 
elevated alkaline phosphatase level. Positron emission 
tomography imaging remains controversial in kidney 
cancer. Its sensitivity for detecting metastatic lesions is 
better than for determining the presence of cancer in the 
renal primary site.” 


Fine Needle Aspiration Cytology 


Fine needle aspiration cytology (FNAC) seems to bear 
a significant role, has the definitive role in the diagnosis 
of RCC. Safety of needle tract invasion is now confirmed. 
Importance of this procedure is stressed in some 
preliminary controlled trials. Previously, it was indicated 
only in situation where there is metastasis. 


Percutaneous Core Biopsy in Evaluation 
of the Renal Mass 


A confident diagnosis can be made in the, majority of renal 
masses, thanks to the improved sensitivity and specificity of 
various techniques in the imaging armamentarium. Even 
when the diagnosis remains in question, few indications 
exist for per cutaneous renal biopsy, because it will affect 
patient management. The currently accepted indications 
for per cutaneous renal biopsy include the renal abscess, 
lymphoma, or metastatic disease to the kidney. 

Indication of percutaneous core renal biopsy: 

e Renal abscess 

e Complex cyst 

e Wilms’ tumor 

e Lymphoma 

e Secondaries in kidney. 

Patients with a febrile urinary tract infection (UTI) 
and concomitant renal mass may be candidates for 
per cutaneous renal biopsy to evaluate for abscess vs 
malignancy. Several different patterns of lymphomatous 
involvement of the kidneys are known. Focal parenchymal 
disease is often misdiagnosed as TCC. Per cutaneous 
biopsy should be considered for definitive diagnosis, 
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with treatment directed systemically toward the primary 
pathology. 

Needle tract invasion is used very rare after renal 
biopsy and FNAC. Percutaneous renal biopsy appears to 
be a safe procedure and provide valuable information in 
planning treatment. 


Metastatic Work-up 


Metastatic work-up should include routine chest X-ray 
(CXR), CT, liver function tests and serum calcium. A bone 
scan should be obtained in any patient with skeletal pain 
or other evidence of metastatic disease. 


Clinical Staging 


e Early/localized RCC 
e Advanced RCC 
e Metastatic RCC. 


CLASSIFICATION 


Benign Tumor 


In general, benign tumor of kidney are rare, they include 
adenoma, angiolipoma, hemangioma, etc. 


TYPES OF RENAL TUMORS 
Primary 


Benign 

e Adenoma 

e Hemangioma 

e Angiomyolipoma 

e Oncocytoma 

e Leiomyoma 

e Lipoma 

e Juxtaglomerular tumor. 


Malignant 


Parenchymal tumors 

e Renal cell carcinoma 
e Wilms’ tumor 

e Sarcoma. 


Tumors of the pelvis 
e Transitional cell carcinoma 
e Squamous cell carcinoma. 


960 


Section 19 Uro-oncology 


Secondary 


From Lung, breast, stomach and kidney. 


Histologic Findings of Renal Cell Carcinoma 


Renal cell carcinoma has five histologic subtypes, as follows: 
Clear cell (75%) 

Chromophilic (15%) 

Chromophobic (5%) 

Oncocytoma (3%) 

Collecting duct (2%). 

Unusually, clear cells with a cytoplasm rich in lipids 
and glycogen characterize clear cell carcinoma, which 
is most likely to show 3p deletion. Chromophilic tumors 
tend to be bilateral and multifocal and may have trisomy 7 
and/or trisomy.” Large polygonal cells with pale reticular 
cytoplasm characterize chromophobic carcinoma, which 
does not exhibit 3p deletion.®* 
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Fuhrman Grade 


Histological factors include Fuhrman grade, histological 
subtype, sarcomatoid features, microvascular invasion, 
tumor necrosis and collecting system invasion. Fuhrman 
nuclear grade is the most widely accepted histological 
grading system in RCC. Although affected by intra- 
and inter-observer discrepancies, it is an independent 
prognostic factor (Figs 147.2 to 147.4). 


system correlated well with survival in patients with renal cell 
carcinoma. Grade 1 tumors have round, uniform nuclei with 
inconspicuous or absent nucleoli. (Courtesy: Dharam M Ramnani 
(dramnani@uro.com), webpathology.com) 


Fuhrman Nuclear Grading System 


Studies have shown a trend towards a better prognosis for 

patients with chromophobe, papillary and conventional 

(clear cell) RCCs, respectively. However, the prognostic 

information provided by the RCC subtype is lost when 

stratified to tumor stage. 
Among papillary RCCs, two subgroups with different 

outcomes have been identified (Fig. 147.5): 

e Type I are low-grade tumors with a chromophilic 
cytoplasm and a favorable prognosis. 

e Type II are mostly high-grade tumors with an 
eosinophilic cytoplasm and a great propensity for 
developing metastases. The RCC type sub-classification 
has been confirmed at the molecular level by 
cytogenetic and genetic analyses. 


Molecular Factors 


There is no specific molecular marker for RCC but a 
number of molecules being investigated, which include: 
e Carbonic anhydrase IX (CaIX) 
e Vascular endothelial growth factor, HIF 
e Ki67 (proliferation), p53, PTEN (phosphatase and 
tensin homolog) 
e E-cadherin 
e (CD44 (cell adhesion). 
As yet, these markers are not in widespread use and still 
under investigation. Recently, gene expression profiling has 


Fig. 147.3: Fuhrman nuclear grade 2. Nuclear contours are more 
irregular than grade 1; nuclei are about 15 microns in diameter. 
Nucleoli may be visible at high magnification. (Courtesy: Dharam 
M Ramnani (dramnani@uro.com), webpathology.com) 
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Fig. 147.4: Fuhrman nuclear grade 3. Nuclear contours are even 
more irregular. Nuclear diameters can approach 20 microns. Nucleoli 
are readily seen. (Courtesy: Dharam M Ramnani (dramnani@uro. 
com), webpathology.com) 


Fig. 147.5: Papillary renal cell carcinoma (RCC) comprises 15-18% of 
renal cell carcinoma. Note the prominent papillary structures many 
of which enclose clusters of foamy macrophages. The tumor cells 
have abundant eosinophilic cytoplasm and mildly atypical nuclei 


identified 259 genes, which predict survival independent of 
clinical prognostic factors in conventional RCC. 


Clinical Factors 


Clinical factors include patient performance status, 
localized symptoms, cachexia, anemia and platelet count. 


Staging 


The Robson modification of the Flocks and Kadesky 
system is uncomplicated and is used commonly in clinical 


practice. This system was employed to correlate stage at 
presentation with prognosis (Box 147.2) (Fig. 147.6). 


Tumor, Nodes and Metastases Classification 


The tumor, nodes, and metastases (TNM) classification 
is endorsed by the American Joint Committee on Cancer 
(AJCC). The major advantage of the TNM system is that it 
clearly differentiates individuals with tumor thrombi from 
those with local nodal disease. In the Robson system, stage 
III inferior vena caval involvement (IIIA) is the same stage 
as local lymph node metastases (IIIB). 

Although patients with Robson stage IIIB renal 
carcinoma have greatly decreased survival rates, the 
prognosis for patients with stage Robson IIIA renal 
carcinoma is not markedly different from that for patients 
with Robson stage I or II renal carcinoma.*® 

The TNM classification system is as follows: 

e Primary tumor 

Tx: Primary tumor cannot be assessed 

TO: No evidence of primary tumor 

Tl: Tumor 7 cm or smaller in greatest dimension, 

limited to the kidney 

T2: Tumor larger than 7 cm in greatest dimension, 

limited to the kidney 

T3: Tumor extends into major veins or invades adrenal 

gland or perinephric tissues but not beyond the 

Gerota’s fascia 

T3a: Tumor invades adrenal gland or perinephric 

tissues but not beyond the Gerota’s fascia 

T3b: Tumor grossly extends into the renal vein(s) or 

vena cava below the diaphragm 

T3c: Tumor grossly extends into the renal vein(s) or 

vena cava above the diaphragm 

T4: Tumor invading beyond the Gerota’s fascia 
e Regional lymph nodes: Laterality does not affect the N 

classification 

Nx: Regional lymph nodes cannot be assessed 

NO: No regional lymph node metastasis 

N1: Metastasis in a single regional lymph node 

N2: Metastasis in more than one regional lymph node 


Box 147.2: The Robson staging system 
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Stage | (Tumor is confined 
within renal capsule) 


Renal vein Tumor 
and IVC 
involvement 
Kidney 
IVC 
Ureter 
Aorta 


Stage III Tumor involves the renal vein or inferior 
vena cava. Tumor involves the regional lymph nodes 


L 


Stage II (Tumor invades perinephric fat 
but confined within Gerota’s fascia) 


Spleen 
IVC 
Thrombus 
Pancreas 
Lymph 
node 
IVC 


Tumor invading 
spleen pancreas 
lymph nodes 


Stage IV (Involves the adjacent organs 
and distant matastases) 


Fig. 147.6: The Robson staging system of RCC 


e Distant metastasis 
Mx: Distant metastasis cannot be assessed 
MO: No distant metastasis 
M1: Distant metastasis. 


American Joint Committee on Cancer Stages 


e AJCC stage I- T1, NO, MO 

e AJCC stage II - T2, NO, MO 

e AJCC stage III - T1-2, N1, MO or T3a-c, NO-1, MO 

e AJCC stage IV - T4; or any T, N2, MO; or any T, 
any N, M1. 


Surgical Treatment 


Surgical resection remains the only known effective 
treatment for localized RCC, and it is also used for 
palliation in metastatic disease. The RCC is resistant to 
chemotherapy and radiotherapy (Figs 147.7 and 147.8). 


Until recently, radical nephrectomy that included the 
removal of the tumor-bearing kidney was the gold 
standard for curative therapy for localized RCC and it 
still offers a reasonable chance of curing the disease. A 
consensus has been made that nephron sparing surgery 
(NSS) can produce a similar result compared to radical 
nephrectomy. There is no evidence to favor a specific 
surgical approach. The evidence also indicates that a 
routine adrenalectomy is not necessary during the surgical 
treatment of RCC, provided tumor staging is negative 
according to preoperative imaging (CT, MRI). There are 
two exceptions to this general rule, which are: 

1. Large upper pole tumor, which is associated with a risk 
of direct invasion of the adrenal gland. 

2. Tumor of more than 7 cm maximum diameter, which 
is associated with a higher risk of intra-adrenal 
metastatic spread. 

Radical lymph node dissection does not improve 
survival in patients without clinically detectable lymph 
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Fig. 147.8: Large renal cell carcinoma 


nodes and distant metastases. In patients with palpable 
or CT-detected enlarged lymph nodes, lymph node 
dissection should still be performed to obtain adequate 
stage information. 


Nephron Sparing Surgery 


Nephron sparing surgery (NSS) for RCC becomes gold 
standard for the treatment of RCC. Nephron sparing 
surgery, when performed in patients with a solitary tumor 
less than 4 cm maximum diameter, provides recurrence- 
free and long-term survival rates similar to those observed 
after a radical surgical procedure. Nephron sparing surgery 
carried out for absolute rather than elective indications 
has an increased complication rate and higher risk of 
developing locally recurrent disease, probably due to the 
larger tumor size (Fig. 147.9). 


Fig. 147.9: Open nephron sparing surgery 


There is some evidence that radical nephrectomy 
compared to NSS carries an increased risk of impaired 
renal function, resulting in chronic renal insufficiency 
and proteinuria. In a few series, even patients with larger 
tumors (up to 7 cm), who have undergone NSS, have shown 
oncological outcomes equivalent to those of radical surgery. 

Standard indications for NSS are divided into the 
following categories: 

e Absolute (anatomical or functional solitary kidney) 
e Relative (functioning opposite kidney that is affected by 

a condition that might impair renal function in future) 
e Elective (localized unilateral RCC with a healthy 

contralateral kidney). 

Relative indications also include patients with 
hereditary forms of RCC, who are at high-risk of developing 
a tumor in the contralateral kidney in the future. 

Radical nephrectomy, which remains the most 
commonly performed standard surgical procedure today 
for treatment of localized renal carcinoma, involves 
complete removal of the Gerota’s fascia and its contents, 
including a resection of kidney, perirenal fat, and 
ipsilateral adrenal gland, with or without ipsilateral lymph 
node dissection. Radical nephrectomy provides a better 
surgical margin than simple removal of the kidney, since 
perinephric fat may be involved in some patients. Twenty 
to thirty percent of patients with clinically localized 
disease develop metastatic disease after nephrectomy. 
Some surgeons believe that the adrenal gland should not 
be removed because of the low probability of ipsilateral 
adrenal metastasis and the morbidity associated with 
adrenalectomy. In the absence of distant metastatic 
disease with locally extensive and invasive tumors, 
adjacent structures such as bowel, spleen, or psoas muscle 
may be excised en bloc during radical nephrectomy.''*!>""° 
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Lymph nodes may be involved in 10-25% of patients. 
The 5-year survival rate in patients with regional node 
involvement is substantially lower than in patients with 
stage I or II disease. Regional lymphadenectomy adds little 
in terms of operative time or risk and should be included 
in conjunction with radical nephrectomy. 

Approximately, 5% of patients with RCC have inferior 
vena caval involvement. Tumor invasion of the renal vein 
and IVC usually occurs as a well-vascularized thrombus 
covered with its own intimal surface. In patients with 
renal vein involvement without metastases, radical 
nephrectomy is performed with early ligation of the renal 
artery but no manipulation of the renal vein. If the IVC 
is involved, then vascular control of the IVC is obtained 
both above and below the tumor thrombus, and the 
thrombus is resected intact, with subsequent closure of 
the vena cava. Patients with actual invasion of the inferior 
vena caval wall have poor prognoses, despite aggressive 
surgical approaches. 

At least three common approaches exist for removal of 
kidney cancer, as follows: 

1. Transperitoneal approach. 
2. Fank approach. 
3. Thoracoabdominal approach. 

Approach depends on tumor location and size and 
the body habitus of the patient. The thoracoabdominal 
approach offers the advantage of palpation of the ipsilateral 
lung cavity and mediastinum, as well as the ability to resect 
solitary pulmonary metastases. 


Laparoscopic Nephrectomy 


Laparoscopic nephrectomy is a less invasive procedure, 
incurs less morbidity, and is associated with shorter 
recovery time and less blood loss. The need for pain 
medications is reduced, but operating room time and costs 
are higher. Disadvantages include concerns about spillage 
and technical difficulties in defining surgical margins. 
Laparoscopic partial nephrectomy can be considered at 
centers with experience in this procedure for early stage 
renal cell cancer (Fig. 147.10). 

Palliative nephrectomy should be considered in patients 
with metastatic disease for alleviation of symptoms such as 
pain, hemorrhage, malaise, hypercalcemia, erythrocytosis, 
or hypertension. Several randomized studies are now 
showing improved overall survival in patients presenting 
with metastatic kidney cancer who have nephrectomy 
followed by either interferon or IL-2. If the patient has 
good physiological status, then nephrectomy should 
be performed prior to immunotherapy. Reports have 
documented regression of metastatic RCC after removal 
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Fig. 147.10: Laparoscopic radical nephrectomy, organ retrieval 


of the primary tumor. Adjuvant nephrectomy is not 
recommended for inducing spontaneous regression; rather, 
itis performed to decrease symptoms or to decrease tumor 
burden for subsequent therapy in carefully controlled 
environments. 

About 25-30% of patients have metastatic disease at 
diagnosis, and fewer than 5% have solitary metastasis. 
Surgical resection is recommended in selected patients 
with metastatic renal carcinoma. This procedure may not 
be curative in all patients but may produce some long- 
term survivors. The possibility of disease-free survival 
increases after resection of primary tumor and isolated 
metastasis excision. 

Since, its introduction, laparoscopic nephrectomy 
for RCC has become an established surgical procedure 
worldwide. Whether done retro-or transperitoneally, the 
laparoscopic approach must duplicate established open 
surgical oncological principles, which are: 

e Early control of the renal vessels before tumor 
manipulation 

e Wide specimen mobilization external to Gerota’s fascia 

e Avoidance of specimen traumatization or rupture 

e Intact specimen extraction. 

In the hands of experienced laparoscopic urological 
surgeons, and adhering to these principles of open radical 
nephrectomy, laparoscopic radical nephrectomy may now 
be considered a standard of care for patients with T1-2 
RCCs. Intermediate outcome data indicate equivalent 
cancer-free survival rates when compared with open 
radical nephrectomy. 


Surgery in Bilateral Renal Cell Carcinoma 


Incidence of bilateral carcinoma is about 1.8-3%. The 
principle of treatment is removal of the cancer bearing 
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area leaving functioning renal parenchyma. Any of the 

following options may be suitable: 

e Bilateral NSS 

e Radical nephrectomy in one side and partial 
nephrectomy in other side 

e Bilateral radical nephrectomy and hemodialysis 
program. Renal transplantation may be performed 
after 2 years if no metastasis was seen 

e Bench surgery and auto transplantation in one side or 
in both side 

e Five years survival rate is about 72-85% with NSS for 
bilateral disease was reported. 


Surgery for Vena Cava Thrombosis 


Renal cell carcinoma has a propensity to invade renal vein 
in 15-20% cases and IVC in 8-15% cases but prognosis may 
not alter if the tumor thrombus is removed entirely and if 
the blood vessel wall is not invaded (Box 147.3). 

Suprahepatic vena caval thrombosis, sometimes 
extend into right atrium, which can be removed by open- 
heart surgical techniques. 

Intrahepatic tumor thrombus may be removed by 
mobilizing the liver to get the upper limit of the tumor, 
clamp applied above and below the tumor thrombus 
and the thrombus is removed after administration of 
mannitol and heparin. Subhepatic tumor thrombus is 
easily managed by clamping vena cava above and below 
the tumor. 

If vena caval wall is infiltrated the vena cava may be 
resected and can be grafted with Gore-Tex. Following this 
procedure a standard radical nephrectomy should be 
performed. 


Incidental Renal Tumor 


Mostly these tumors are RCC. The outcome of the disease 
and the treatment options should be discussed and he 
should be carefully evaluated. Nephron sparing surgery 
with a clear margin has become the standard treatment. 
This procedure can be done by laparoscopic technique 
safely. Percutaneous treatment with laser, cryotherapy, 
high focused ultrasound or radio frequency is currently 
under investigation. 


Box 147.3: Classifications of vena caval thrombosis 


Partial Laparoscopic Nephrectomy 


In experienced hands, laparoscopic partial nephrectomy 
is an alternative to open NSS for selected patients. The 
optimal indication for laparoscopic NSS is a relatively 
small and peripheral renal tumor. It has been suggested 
that the oncological outcome following laparoscopic 
partial nephrectomy duplicates that of open NSS. 
However, currently, there are no larger studies able to 
reveal reliable long-term equivalence. Disadvantages of 
the laparoscopic approach are the longer warm ischemia 
time and increased. intraoperative and postoperative 
complications compared with open surgery. 


Percutaneous Minimally Invasive Technique 


Image-guided percutaneous and minimally invasive 
techniques, e.g. percutaneous radiofrequency ablation 
(RFA) cryoablation, microwave ablation, laser ablation 
and high-intensity focused ultrasound (HIFU) ablation. 
Possible advantages of these and other techniques include 
reduced morbidity, outpatient therapy, and the ability 
to treat high-risk surgical candidates. Indications for 
minimally invasive techniques, including RFA, are small, 
incidentally found, renal cortical lesions in elderly patients, 
patients with genetic predisposition to multiple tumors, or 
patients with a solitary kidney, or bilateral tumors. 

Contraindications tothe above-mentioned procedures 
include a poor life expectancy of less than 1 year, multiple 
metastases, or difficulty for successful treatment due to 
size or location of tumor. In general, tumors more than 
5 cm or tumors in the hilum, the proximal ureter or 
central collecting system are not typically recommended 
for RFA. Absolute contraindications include irreversible 
coagulopathies or severe medical instability, such as 
sepsis. 

Although, even in high-risk patients, the reported 
complication rates are low, greater multicenter 
experience is needed to define the oncological success 
and complications of these procedures as an alternative 
to open or laparoscopic surgery. The minimally 
invasive approaches currently have the status of 
experimental treatment options for kidney cancer. 
Their efficacy should be further evaluated within 
clinical trials. Their disadvantage is a lack of adequate 
histopathological evaluation. However, their advantage 
is decreased invasiveness, enabling treatment of less 
well patients with a poor performance status and unfit 
for conventional surgery. 

Currently, patients not suitable for open or 
laparoscopic surgery due to a poor performance status 
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with smaller peripheral tumors should be considered 
for nonsurgical alternative techniques. These techniques 
include image-guided percutaneous and minimally 
invasive techniques, percutaneous RFA, cryoablation, 
microwave ablation, laser ablation and high-intensity 
focused ultrasound ablation. 


Radiation Therapy 


Renal cell carcinoma is a radio-resistant tumor and as 
such it holds no role as a primary treatment of RCC. 
Patients with untreated brain metastasis have a median 
survival time of 1 month, which can be improved with 
glucocorticoid therapy and brain irradiation. Stereo tactic 
radiosurgery is more effective than surgical extirpation for 
local control and can be performed on multiple lesions. 

Radiation therapy may be considered as the primary 
therapy for palliation in patients whose clinical condition 
precludes surgery, either because of extensive disease or 
poor overall condition. A dose of 4,500 centigray (cGy) is 
delivered, with consideration of a boost up to 5,500 cGy. 

Preoperative radiation therapy yields no survival 
advantage. Controversies exist concerning postoperative 
radiation therapy, but it may be considered in patients 
with perinephric fat extension, adrenal invasion, or 
involved margins. A dose of 4,500 cGy is delivered, with 
consideration of a boost. 

Palliative radiation therapy is often used for local or 
symptomatic metastatic disease, such as painful osseous 
lesions or brain metastasis, to halt potential neurological 
progression. Surgery also should be considered for 
solitary brain or spine lesions, followed by postoperative 
radiotherapy. About 11% of patients develop brain 
metastasis during the course of illness. 


Metastatic Disease 


Two percent of RCC are seen with pulmonary metastasis. 
Resection of primary and secondary lesions may prolong 
the survival. Palliative nephrectomy may be required to 
control intractable hematuria and hormone production 
(paraneoplastic syndrome) in metastatic disease. 


Adjuvant Therapy for Renal Cell Carcinoma 


There is evidence that adjuvant TKI therapy with sunitinib, 
sorafinib, bevacuzumab or tumor vaccination might 
improve the duration of the progression-free survival of 
selected subgroups of patients undergoing nephrectomy 
for T3 renal carcinomas. However, further confirmation 
is needed regarding the impact on overall survival. 


Uro-oncology 


Prognostic algorithms might identify patients likely to 
benefit most from adjuvant vaccination therapy. 


Surgery for Metastatic Renal Cell Carcinoma 


Tumor nephrectomy is curative onlyifsurgery can excise all 
tumor deposits. For most patients with metastatic disease, 
tumor nephrectomy is palliative and other systemic 
treatments are necessary. Nephrectomy in patients with 
metastatic disease is indicated for patients who are both 
suitable for surgery and have a good performance status. 
Complete removal of metastatic lesions contributes to 
an improvement of clinical prognosis. Immunotherapy, 
where there has been complete resection of metastatic 
lesions or isolated local recurrences, does not contribute 
to an improvement in clinical prognosis (Box 147.4). 


Spontaneous Regressions of Renal Cell Carcinoma 


Renal cell carcinoma is an immunogenic tumor, and 
spontaneous regressions have been documented. Many 
immune modulators, such as interferon, IL-2 [aldesleukin 
(Proleukin)] bacillus Calmette-Guérin (BCG) vaccination, 
lymphokine-activated killer (LAK) cells plus IL-2, 
tumor-infiltrating lymphocytes, and nonmyeloablative 
allogeneic peripheral blood stem-cell transplantation, 
have been tried.”>6 


Management of Metastatic Renal Cell Cancer 


More than 50% of patients with RCC are cured in early 
stages, but outcome for stage IV disease is poor. The 
probability of cure is related directly to the stage or degree 
of tumor dissemination, so the approach is curative for 
early stage disease. Selected patients with metastatic 


Box 147.4: Surgical guidelines for renal cell carcinoma 
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disease respond to immunotherapy, but many patients 
can be offered only palliative therapy for advanced disease. 

The treatment options for renal cell cancer are surgery, 
radiation therapy, chemotherapy, hormonal therapy, 
immunotherapy, or combinations of these. 

Options for chemotherapy and endocrine- 
based approaches are limited, and no hormonal or 
chemotherapeutic regimen is accepted as a standard 
of care. Objective response rates, either for single or 
combination chemotherapy, usually are lower than 15%. 
Therefore, various biologic therapies have been evaluated. 


MULTIKINASE INHIBITORS 


Sunitinib (Sutent) 


Sunitinib is another multikinase inhibitor approved by the 
Food and Drug Administration (FDA) in January 2006 for the 
treatment of metastatic kidney cancer that has progressed 
after a trial of immunotherapy. The approval was based on 
the high response rate (40% partial responses) and a median 
time to progression of 8.7 months and an overall survival 
of 16.4 months. The receptor tyrosine kinases inhibited by 
sunitinib include VEGFR 1-3 and PDGFR a and b. 

Major toxicities (grade II or higher) include fatigue 
(38%), diarrhea (24%), nausea (19%), dyspepsia (16%), 
stomatitis (19%), and decline in cardiac ejection fraction 
(11%). Dermatitis occurred in 8%, and hypertension 
occurred in 5% of patients. 

A recent phase 3 study evaluating sunitinib in the 
first-line setting, compared against IFN-a, in patients with 
metastatic RCC demonstrated significant improvement in 
PFS and response rates compared against the control arm. 
These results are considered to be preliminary, and longer- 
term follow-up is necessary for conclusive results.”°*4 


Sorafenib 


Sorafenib (Nexavar), a small molecule Raf kinase and 
VEGF multireceptor kinase inhibitor, for the treatment of 
patients with advanced RCC. This indication is based on 
the demonstration of improved progression-free survival 
in a large, multinational, randomized double-blind, 
placebo-controlled phase 3 study and a supportive phase 
2 study. Overall survival results from the phase 3 study are 
preliminary at this time. 

The sorafenib phase 3 study was conducted in patients 
with advanced (unresectable or metastatic) RCC who had 
received one prior systemic treatment. Study endpoints 
included overall survival, progression-free survival, and 
response rate. 


The recommended dose is 400 mg (two 200 mg tab) 
twice daily taken either 1 hour before or 2 hours after meals. 
Adverse events were accommodated by temporary dose 
interruptions or reductions to 400 mg once daily or 400 mg 
every other day. Sorafenib targets serine/threonine and 
receptor tyrosine kinases, including those of RAF; VEGFR- 
2,3; PDGFR-b; KIT; FLT-3; and RET. Further clinical studies 
evaluating the role of sorafenib in the first-line setting, 
in combination with other immunomodulators, are 
underway. Preliminary results appear promising.”°™ 


Temsirolimus (Torisel) 


Temsirolimus inhibits mTOR (mammalian target of 
rapamycin), which is a serine/threonine kinase important 
in the regulation of cell growth and division. Genes involved 
with the response to hypoxia (HIF pathway described 
above) are also upregulated by mTOR and are believed to 
be central to the pathogenesis of kidney cancers. 

Temsirolimus has been tested alone and in conjunction 
with interferon in patients with poor prognosis advanced 
RCC. Temsirolimus monotherapy at a dose of 25 mg 
IV weekly showed longer overall and progression-free 
survival compared to interferon (median survival 10.9 
months versus 7.3 months, p = 0.008). There was no 
significant additive effect of interferon combined with 
temsirolimus. A second study combining the temsirolimus 
and interferon over a range of dose levels showed overall 
survival of 18.8 months and progression-free survival of 
9.1 months for the combination. Partial response was 
observed in 8% and stable disease in 36% of patients. 

Common toxicities of temsirolimus include asthenia, 
rash, anemia, hypophosphatemia and hyperlipidemia. 
FDA approval for temsirolimus was given in May 2007 for 
the treatment of advanced RCC at a dose of 25 mg weekly 
IV until progression. 

The novel combination of bevacizumab (a neutralizing 
monoclonal antibody to VEGF which binds to and inhibits 
it) and interferon has been shown to have activity against 
metastatic RCC.”°4 


Everolimus (Afinitor) 


RADOO1 [Everolimus (Afinitor)] is a serine-threonine 
kinase inhibitor of mTOR, an important regulatory protein 
in cell signaling. A recent phase 2 trial in patients with 
metastatic RCC demonstrated promising preliminary 
clinical results. Everolimus was approved by the US FDA 
in March 2009 for advanced RCC after failure of treatment 
with sunitinib or sorafenib. Other multikinase inhibitors 
are undergoing investigation for RCC. 
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Lapatinib is an endothelial growth factor receptor 
(EGFR) and ErbB-2 dual tyrosine kinase inhibitor, which 
appears to have efficacy in the treatment of tumors, 
including RCC, which overexpress EGFR. This was recently 
reported in a phase 3 study in advanced RCC evaluating 
lapatinib against hormonal therapy in patients who had 
failed prior therapy. 


Bevacizumab Monotherapy and Combined 
with Interferon-Alpha 


Bevacizumab is a humanized monoclonal antibody that 
binds isoforms of VEGF-A. Bevacizumab, 10 mg/kg every 
2 weeks, in patient’s refractory to immunotherapy showed 
an increase in overall response (10%) and in progression- 
free survival versus placebo.’ A recent double-blind 
phase III trial (n = 649) in mRCC compared bevacizumab 
+ IFN-alpha to IFN-alpha monotherapy.® The median 
overall response was 31% in the bevacizumab + IFN-alpha 
group versus 13% in the IFN-alpha only group (p < 0.0001). 
Median progression-free survival increased significantly 
from 5.4 months with IFN-alpha to 10.2 months for 
bevacizumab + IFN-alpha (p < 0.0001), but only in low-risk 
and intermediate-risk patients. No benefit was seen in 
high-risk patients. No mature data are yet available on 
overall survival.*°** 

Future treatment strategies for advanced RCC will likely 
incorporate a combination of molecular approaches, using 
multidrug regimens consisting of small-molecule kinase 
inhibitors with biologic therapies, immunomodulatory 
therapies or both. 

For early stage RCC, current and future treatment 
strategies would utilize these molecular approaches earlier 
in the adjuvant setting in order to improve overall survival 
rates. Indeed, a randomized phase 3 trial of sunitinib 
versus sorafenib versus placebo as adjuvant therapy in 
patients with resected RCC is currently ongoing and open 
for patient enrolment. 

The optimal sequence or combination of active agents 
in advanced RCC is not yet defined. Based on decisions 
arrived at from considering level 1 evidence, the following 
may be considered as reasonable targeted therapy choices 
in metastatic RCC not eligible for high-dose IL-2 therapy. 

For previously untreated patients with clear cell, renal 
cell cancer of low or intermediate risk, sunitinib or the 
combination of bevacizumab and interferon alpha. For 
patients with previously untreated clear cell renal cell 
cancer with poor prognostic (high-risk) characteristics, 
temsirolimus. 


Sorafenib for patients with previously treated clear cell 
renal cell cancer; an increase in dose of sorafenib may give 
responses in patients in whom standard doses initially fail; 
patients in whom sorafenib is failing may be treated with 
sunitinib if that drug had not been previously used. 

The treatment of metastatic RCC is problematic, 
and, wherever possible, patients should be directed to 
approved and controlled clinical trials. This applies as 
well in the adjuvant treatment of surgically resected RCC, 
for which no therapy to the present has been found to be 
of survival benefit. 

High-dose IL-2 must be considered for robust 
patients with excellent cardiopulmonary reserve, as it 
remains the only treatment known to induce complete 
and durable remissions, albeit in a minority of patients. 
Prospective studies are underway to identify patients 
more likely to respond to IL-2 immunotherapy based 
on carbonic anhydrase IX expression in the primary 
tumor and other assessments of immune function and 
regulation. This study may help to resolve the sequence 
and selection of available agents for individual patients 
with metastatic disease.” 


Chemotherapy 


Renalcellcarcinomaisrefractorytomostchemotherapeutic 
agents because of multidrug resistance mediated by 
p-glycoprotein. Normal renal proximal tubules and 
RCC both express high levels of p-glycoprotein. Calcium 
channel blockers or other drugs that interfere with the 
function of p-glycoprotein can diminish resistance to 
vinblastine and anthracycline in human RCC cell lines. 
Arecent phase 2 trial of weekly intravenous gemcitabine 
(600 mg/m? on days 1, 8, and 15) with continuous infusion 
fluorouracil (150 mg/m?/d for 21 d in 28-d cycle) in 
patients with metastatic renal cell cancer produced a 
partial response rate of 17%. No complete responses were 
noted. Eighty percent of patients had multiple metastases, 
and 83% had received previous treatment. The mean 
progression-free survival duration of 28.7 weeks was 
significantly longer than that of historic controls. 
Floxuridine [5-fluoro 2’-deoxyuridine (FUDR)], 
5-fluorouracil (5-FU), and vinblastine, paclitaxel (Taxol), 
carboplatin, ifosfamide, gemcitabine, and anthracycline 
(doxorubicin) all have been used. Floxuridine infusion has 
a mean response rate of 12%, while vinblastine infusion 
yielded an overall response rate of 7%. 5-FU alone has a 
response rate of 10%, but when used in combination with 
interferon, it had a 19% response rate in some studies. 
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BIOLOGIC THERAPIES 
Interferon-alpha 


The interferons are natural glycoproteins with antiviral, 
antiproliferative, and immunomodulatory properties. The 
interferons have a direct antiproliferative effect on renal 
tumor cells in vitro, stimulate host mononuclear cells, and 
enhance expression of major histocompatibility complex 
molecules. Interferon-alpha, which is derived from 
leukocytes, has an objective response rate of approximately 
15% (range 0-29%). 


Interleukin-2 


Interleukin-2 is a T-cell growth factor and activator of T 
cells and natural killer cells. IL-2 affects tumor growth by 
activating lymphoid cells in vivo without affecting tumor 
proliferation directly. Most patients responded after 
the first cycle, and those who did not respond after the 
second cycle did not respond to any further treatment. 
Therefore, the current recommendation is to continue 
treatment with high-dose IL-2 to best response (up to 
six cycles) or until toxic effects become intolerable. 
Treatment should be discontinued after two cycles, if the 
patient has had no regression. 


Combinations of Interleukin-2 and Interferon 


Combinations of IL-2 and interferon or other 
chemotherapeutic agents such as 5-FU have not been 
shown to be more effective than high-dose IL-2 alone. 
Toxic effects associated with high-dose IL-2 are related 
to increased vascular permeability and secondary cytokine 
secretion (e.g. IL-1, interferon gamma, tumor necrosis 
factor, nitric oxide). The major toxic effect of high-dose IL-2 
is a sepsis-like syndrome, which includes a progressive 
decrease in systemic vascular resistance and an associated 
decrease in intravascular volume due to capillary leak. 
Other toxic effects are fever, chills, fatigue, infection, 
and hypotension. High-dose IL-2 has been associated 
with a 1-4% incidence of treatment-related death and 
contraindicated in patients with ischemic heart disease. 


Experimental Approaches 


Other experimental approaches for treatment include 
immunomodulatorydrugs, vaccines, andnonmyeloablative 
allogeneic peripheral blood stem-cell transplantation. The 


immunomodulator, lenalidomide (Revlimid), a derivative 
of thalidomide, inhibits VEGF, stimulates T and NK cells, 
and inhibits inflammatory cytokines. It has been evaluated 
extensively in hematologic malignancies and recently was 
reported to demonstrate efficacy in RCC regression and 
delayed time to progression in a phase 2 study of mRCC. 


Vaccine with Autologous Cultured 
Renal Cell Cancer Lines 


Few antigens have been identified that induce T-cell 
responses from RCC. Patients then are immunized 
with irradiated tumor cells secreting large amounts 
of granulocyte-macrophage colony stimulating factor 
(GM-CSF) and are evaluated for immune responses and 
clinical tumor regression. Other approaches to vaccination 
include tumor lysates and dendritic cells. Autologous 
vaccine therapy is now being tried in combination with 
cytokine therapy. 


Nonmyeloablative Allogeneic Stem- 
Cell Transplantation 


Nonmyeloablative allogeneic stem-cell transplantation 
can induce sustained regression of mRCC in patients who 
have had no response to conventional immunotherapy. 
The initial responses are encouraging. Further trials are 
needed to confirm these findings and to evaluate long- 
term benefits. 


Endocrine Treatment of Renal Cell Carcinoma 


Multiple studies have been conducted using megestrol in 
the treatment of RCC. No benefit has been shown except 
for appetite stimulation, so megestrol is currently not 
recommended. Antiestrogens such as tamoxifen (100 
mg/m?/d or more) and toremifene (300 mg/d) also have 
been tried, with a response rate as low as that of most 
chemotherapeutic agents. 


Arterial Embolization 


Preoperative arterial embolization is a process by which 
the renal artery is occluded by putting gelfoam, steel 
coil using the endovascular techniques. Although this is 
minimally invasive technique to cause angio infarction, 
the results are not good because the tumor quickly regains 
its blood supply from the peripheral abnormal new 
vascular connection. 


969 


Section 19 Uro-oncology 


Surveillance after Radical Surgery 


It is important to monitor the patient following treatment 
of RCC particularly if a radical surgery is performed. The 
reason for surveillance is to identify metastases early. This 
is because a greater extension of tumor growth can reduce 
the possibility of surgical resection, which is considered 
the standard therapy in cases of resectable and, preferably 
solitary, metastatic lesions. In addition, within clinical 
trials, an early diagnosis of tumor recurrence might 
enhance the efficacy of a systemic treatment if the tumor 
burden is low. The objective of the surveillance may be to 
detect: 

e Postoperative complications 

e Renal function 

e Local recurrence 

e Recurrence in the contralateral kidney 

e Development of metastases. 

No universal protocol is available. Patients with radical 
nephrectomy should have three monthly check-up for first 
year, which includes a history and physical examination, 
laboratory and radiographic studies as clinically indicated 
(Chest X-ray, liver function test, renal function test and 
ultrasound scan of the abdomen). Then yearly follow-up 
includes the previous protocol and bone scan. 

For stage I and II disease, complete history, physical 
examination, chest radiographs, liver function tests, blood, 
urea and nitrogen (BUN) and creatinine, and calcium are 
recommended every 6 months for 2 years, then annually 
for 5 years. Abdominal CT scan is recommended once at 
4-6 months and then as indicated. 

For stage III renal cell carcinoma, physical examination, 
chest radiographs, liver function tests, BUN and creatinine, 
and calcium are recommended every 4 months for 2 years, 
every 6 months for 3 years, and then annually for 5 years. 
Abdominal CT scan should be performed at 4-6 months, 
then annually or as indicated. 

Spontaneous regression has been reported anecdotally 
in renal cell carcinoma. As many as 10% of patients with 
metastatic disease show no progression for more than 
12 months. All systemic therapies are associated with 
treatment-related toxicity and low response, so close 
observation is an option for asymptomatic metastatic 
disease. Once evidence of progression or symptoms 
appears, appropriate therapy should be initiated. 

Risk groups can be stratified according to the Mayo 
scoring system” into low-risk, 0-2, intermediate-risk, 3-5, 
and high-risk, more than 6. The use of scoring systems, 
such as the Mayo System, helps the urologist to select the 
use of imaging and to appropriately target those patients 
most in need of intensive surveillance (Table 147.1). 


Table 147.1: Mayo scoring system for RCC 
Feature Score 
Primary tumor/T-stage 
Tla 0 
pT1b 2 
pI2 3 
pT3-pT4 4 
Tumor size 
<10cm 0 
>10cm 1 
Regional lymph node status 
pNx/pNO 0 
pN1-pN2 2 
Nuclear grade 
Grade 1-2 0 
Grade 3 1 
Grade 4 3 
Tumor necrosis 
No necrosis 0 


Necrosis 1 


In cases with a very low-risk for tumor recurrence or 
systemic tumor progression, CT scans can be omitted 
as routine follow-up examinations. In these patients, 
a CT scan is only justified in cases of possible tumor 
associated symptoms. In the intermediate-risk group, an 
intensified follow-up that includes CT scans at regular 
time intervals should be performed according to a risk- 
stratified monogram. In high-risk patients, the follow-up 
examinations should include routine CT scans. 


SUMMARY OF TREATMENT OF 
RENAL CELL CARCINOMA 
Surgery is the only effective and curative treatment for 


primary renal cell carcinoma. These tumors are usually 
radioresistant and insensitive to chemotherapy. 


Stages I and II (Localized or Organ Confined Tumor) 
Nephron Sparing Surgery or Radical Nephrectomy 


Radical nephrectomy (en block removal of the kidney 
and its enveloping fascia including the ipsilateral adrenal, 
proximal one-half of the ureter, and lymph nodes up to the 
area of transection of the renal vessels) is standard therapy. 
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No randomized study has ever clearly demonstrated 
higher survival rates for radical nephrectomy over simple 
nephrectomy; however several theoretical points make 
radical nephrectomy the standard approach. Smaller tumor 
can nowadays be successfully removed by laparoscopic 
procedure in major urological centers. 


Minimally Invasive Surgical Approach 


Nephron sparing surgery has become the state of art for 
smaller RCC. Percutaneous RFA orcryoablation oflocalized 
RCC under ultrasound/CT guidance is performed in some 
centers now days. The patient can be followed up closely 
and the procedure can be repeated when it is necessary. 
Early results showed promising future of this technique 
but the safety of this technique are not ensured. 


Stage III (Locally Advanced Tumor) 


Patients with only renal vein or IVC thrombus appear to 
benefit from radical nephrectomy and show a favorable 
prognosis. Regional lymph node or adjacent organ 
involvement is a dire prognostic sign. However, since 
radical nephrectomy is the only effective therapy for renal 
cell cancer, extended radical surgery may be appropriate, 
if complete excision is contemplated. 


Stage IV (Metastatic Tumor) 


Distant metastatic disease is present in 30% of patients 
at the time of diagnosis. These patients have an average 
survival of only 4 months and only 10% survive one year. 
The use of “adjunctive nephrectomy” in this group was 
adopted in the past because ofthe rare cases ofspontaneous 
regression of metastases, which had occurred following 
nephrectomy. However, regression can be expected in less 
than 1% of patients, which advises against such therapy. 
“Palliative nephrectomy” is reserved for patients with 
severe hemorrhage, pain or paraneoplastic syndromes. 

The role of regional lymphadenectomy is controversial 
some studies showed improvement of survival but other 
did not show such. Most of the authorities think that it can 
add little to survival. 

Current treatment strategies for advanced renal 
cell carcinoma will likely incorporate a combination of 
molecular approaches, using multidrug regimens consisting 
of small-molecule kinase inhibitors, e.g. sunitinib, sorafinib, 
bevacizumab, etc. with biologic therapies, immuno- 
modulatory therapies or both. 


Table 147.2: Prognosis of renal cell carcinoma 
Year 1 Year 3 Year 10 
0.5 Dal TRS 

9.6 20.2 357 
42.3 62.9 76.4 


Risk group 


Low 
Intermediate 
High 


Prevention of Renal Cell Carcinoma 


Avoidance of causative factors such as smoking, obesity 
and other factors as described in causes is recommended. 
Careful surveillance of patients with end-stage renal 
disease or VHL disease, those who have undergone 
renal transplantation, and other high-risk groups by 
ultrasonography and CT scan is recommended. 


Complications of Renal Cell Carcinoma 


Excruciating, sharp, band-like back pain may be an 
early warning for cord compression due to metastatic 
renal cell carcinoma (mRCC) and should not be ignored. 
Urgent MRI should be performed to rule out cord 
compression, and high-dose dexamethasone therapy 
should be started. 


Prognosis of Renal Cell Carcinoma (Table 147.2) 


Metastatic disease has increased survival with (1) a long 
disease-free interval between initial nephrectomy and 
the appearance of metastases; (2) the presence of only 
pulmonary metastases; (3) good performance status; and 
(4) removal of the primary tumor. Five-year survival rates 
are as follows: 

After radical nephrectomy for stage I renal cell 
carcinoma, the 5-year survival rate is approximately 94%, 
and patients with stage II lesions have a survival rate of 
79%. A tumor confined to the kidney is associated with 
a better prognosis. The 5-year disease-specific survival 
rate associated with T1 renal carcinoma is 95% and with 
stage T2 disease, 88%. Patients with T3 renal carcinoma 
had a 5-year survival rate of 59%, and those with T4 
disease had a 5-year disease-specific survival rate of 20% 
(Box 147.5). 

Patients with regional lymph node involvement or 
extracapsular extension have a survival rate of 12-25%. 
Although renal vein involvement does not have a markedly 
negative effect on prognosis, the 5-year survival rate for 
patients with stage IIIB renal cell carcinoma is 18%. In 
patients with effective surgical removal of the renal vein 
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Box 147.5: Prognosis of renal cancer 


or inferior vena caval thrombus, the 5-year survival rate is 
25-50%. Five-year survival rates for patients with stage IV 
disease are low 0-20%.?7-?9 


Prognostic Factors of Renal Cancer 


A recent trial identified five prognostic factors for 
predicting survival in patients with mRCC. These factors 
are used to categorize patients with mRCC into three risk 
groups. Patients in the favorable-risk group (zero risk 
factors) had a median survival of 20 months. Patients 
with intermediate risk (1 or 2 risk factors) had a median 
survival of 10 months, while patients in the poor-risk 
group (3 or more risk factors) had a median survival of 
only 4 months.?’8 
The prognostic factors were as follows: 
e Low Karnofsky performance status (< 80%) 
e High serum lactate dehydrogenase level (> 1.5 times 
upper limit of normal) 
e Low hemoglobin (below lower limit of normal) 
e High “corrected” serum calcium (> 10 mg/dL) 
e No prior nephrectomy. 
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The urothelial cancer is the most common cancer of the 
genitourinary tract in Asian countries. Prevalences of 
the bladder cancer is higher in whites than in African 
Americans in USA. It may be important to know that in 
the developing countries the incidence of transitional cell 
carcinoma (TCC) is increasing whereas in Europe and 
in USA it is declining. This may relate to the reduction of 
the smoking habit and exposure to the carcinogens. In 
developing countries the peoples are more exposed to 
the harmful carcinogens than the west. Average age at 
diagnosis of urothelial cancer is 65 years.’ 


NORMAL UROTHELIUM 


Normally, the urothelium is composed of 3-7 layers 
of transitional cell epithelium resting on a basement 
membrane composed of extracellular matrix. Basal cells 
are actively proliferating cells resting on the basement 
membrane; the luminal cells, perhaps the most important 
feature of normal bladder epithelium, are larger umbrella- 
like cells that are bound together by tight junctions (Figs 
148.1 and 148.2). 

Below the basement membrane there is loose 
connective tissue, the lamina propria, in which occasionally 
smooth-muscle fibers can be identified and these muscle 
fibers should be distinguished from deeper, more extensive 
muscle. Smooth muscular wall of the bladder is composed 
of muscle bundles coursing in multiple directions and 
these converge near the bladder neck, three layers can be 
recognized: inner and outer longitudinally oriented layers 
and a middle circularly oriented layer.” 


RISK FACTORS AND PATHOGENESIS"? 


Peoples working in the chemical, dye, rubber, petroleum, 
leather, and printing industries are at increased risk. Most 
important occupational carcinogens may include: 


Urothelial Cancer 


e Benzidine 

e Beta-naphthylamine 
e 4-aminobiphenyl 

e Cyclophosphamide. 

Interval period between exposure and tumor 
development may be prolonged. The patients who have 
received cyclophosphamide for the management of various 
malignant diseases are also at increased risk of having TCC. 
The smokers have approximately a two-fold increased risk 
of bladder cancer than nonsmokers, and the association 
appears to be dose related. The chemical agents are thought 
to be alpha- and beta-naphthylamine, which are secreted 
into the urine of smokers. 

Trauma or irritation to the urothelium induced by 
infection, instrumentation, and calculi increases the risk of 
malignancy. Exact genetic events leading to the development 
of bladder cancer are unknown, but they are likely to be 
multiple and may involve the activation of oncogenes and 
inactivation or loss of tumor suppressor genes. 


Fig. 148.1: Normal urothelium 
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Fig. 148.2: Urothelial cancer 


The loss of genetic material on chromosome 9 appears 
to be a consistent finding in patients with both low-grade, 
low-stage and high-grade, high-stage disease, which 
suggests that this may be an early event in bladder cancer 
development. The loss of chromosome 9 in multiple 
tumors from an individual patient supports the concept 
that genetic changes in bladder cancer represent a “field 
defect” that may occur throughout the urothelium. More 
recent studies examining p53 tumor suppressor gene 
mutations in primary, recurrent, and upper tract tumors 
suggest that these tumors can have a single clonal origin. 

It should be noted that deletions of chromosome 17p 
have also been detected in over 60% of all invasive bladder 
cancers, but 17p deletions have not been described in 
superficial tumors and this finding is noteworthy because 
the p53 tumor suppressor gene maps to chromosome 17p.°** 


Molecular Marker for Urothelial Cancer 


The molecular and genetic markers may help in the early 
detection and prediction of urothelial carcinoma. The urine 
assays [i.e. bladder tumor antigen (BTA-Stat, BTA-TRAK), 
nuclear matrix protein (NMP-22), fibrin/fibrinogen 
degradation products (FDP)] are being used for the 
detection and surveillance of urothelial carcinoma. These 
tests have high false-positive and false-negative rates. 
Tumor growth and metastasis require the growth 
of new blood vessels, through angiogenesis. Increased 
microvascular density has been associated with lymph 
node metastases, disease progression. The overall survival 
in patients with invasive bladder cancer treated with 
radical cystectomy influenced by the above variables. p53 
gene is a tumor suppressor gene that plays a key role in the 


regulation of the cell cycle. With DNA damage, the level of 
p53 protein increases, causing cell cycle arrest and repair 
of DNA. 

The retinoblastoma (Rb) gene, a tumor suppressor 
gene, is associated with high-grade, high-stage bladder 
cancers and Rb alteration appears to be significantly 
associated with decreased overall survival in such patients. 
Despite the above development no marker has been 
shown to effectively replace cystoscopy for the detection 
of bladder tumors.*"! 


HISTOPATHOLOGY 


Ninety-eight percent of all bladder cancers are epithelial 
malignancies, with most being TCCs. 
Histological types of urothelial tumor: 

Benign Papilloma (very rare) 

Malignant Transitional cell carcinoma 90% 
Adenocarcinoma more than 2% 
Squamous cell carcinoma 5-10% 
Undifferentiated carcinoma more than 2% 
Mixed carcinoma 4-6% 

Carcinoma in situ (CIS) 
Carcinosarcomas, melanoma, carcinoid 
tumor, etc. 


Rare tumors 


Papilloma 


World Health Organization recognizes a papilloma as a 
papillary tumor with a fine fibrovascular stalk supporting 
an epithelial layer of transitional cells with normal 
thickness and cytology. The papillomas are a rare benign 
condition usually occurring in younger patients. 


Transitional Cell Carcinoma 


About 90% ofall bladder cancers are TCCs. They commonly 
appear as papillary, exophytic lesions; less commonly, 
they may be sessile or ulcerated. The exophytic lesion 
is usually superficial in nature and sessile growths are 
often invasive. The CIS is recognizable as flat, anaplastic 
epithelium which lacks the normal cellular polarity, and 
cells contain large, irregular hyperchromatic nuclei with 
prominent nucleoli. 


Nontransitional Cell Carcinoma?‘ 
Adenocarcinoma 


The adenocarcinomas account for less than 2% of all bladder 
cancers. The primary adenocarcinomas of the bladder may 
be preceded by cystitis and metaplasia. And histologically, 
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adenocarcinomas are mucus-secreting and may have 
glandular, colloid, or signet-ring patterns. The primary 
adenocarcinomas often arise along the floor of the bladder, 
adenocarcinomas arising from the urachus occur at the dome. 
They are often localized at the time of diagnosis, but muscle 
invasion is usually present. Five-year survival is usually less 
than 40%, despite aggressive surgical management. 


Squamous Cell Carcinoma 


The squamous cell carcinoma accounts for between 
5% and 10% of all bladder cancers is often associated 
here with a history of chronic infection, vesical calculi 
or chronic catheter use. The squamous cell carcinoma 
may also be associated with bilharzial infection owing 
to Schistosoma haematobium, because squamous cell 
carcinoma accounts for approximately 60% of all bladder 
cancers in Egypt and parts of Africa, and the Middle East, 
where this infection is prevalent. These squamous cell 
carcinoma are often nodular and invasive at the time 
of diagnosis. And histologically they appear as poorly 
differentiated neoplasms composed of polygonal cells 
with characteristic intercellular bridges. 


Undifferentiated Carcinomas 


Undifferentiated bladder carcinomas, which are rare 
(accoun-ting for < 2%), have no mature epithelial elements. 
Very undifferentiated tumors with neuroendocrine 
features and small cell carcinomas tend to be aggressive 
and present with metastases. 


Mixed Carcinoma 


The mixed carcinomas constitute 4-6% of all bladder 
cancers and are composed ofa combination of transitional, 
glandular, squamous or undifferentiated patterns. Most 
common type comprises transitional and squamous cell 
elements. Almost all mixed carcinomas of bladder are 
large and infiltrating at the time of diagnosis. 


Rare Epithelial and Nonepithelial Carcinomas 


Sometimes a rare epithelial carcinomas identified in the 

bladder include villous adenomas, carcinoid tumors, 

carcinosarcomas, and melanomas. Rare nonepithelial 

cancers of the urinary bladder include: 

e Pheochromocytomas 

e Lymphomas 

e Choriocarcinomas and 

e Mesenchymal tumors (hemangioma, 
sarcoma, and myosarcoma). 


osteogenic 


Cancers of the prostate, cervix and rectum may 
involve the bladder by direct extension. The most 
common tumors metastatic to the bladder include (in 
order of incidence) melanoma, lymphoma, stomach, 
breast, kidney, lung and liver. 


Staging 


Tumor, nodal and metastases (TNM) system is commonly 
used in staging the bladder cancer. This allows for a precise 
and simultaneous description of the primary tumor stage 
(T stage), the status oflymph nodes (N stage), and metastatic 
sites (M stage) (American Joint Committee on Cancer, 1997). 


T Stage 


e Tx: Primary tumor cannot be assessed 
— TO: No evidence of primary tumor 
— Ta: Non invasive papillary carcinoma 
— Tis: Carcinoma in situ, flat tumor 
— T1: Tumor invades subepithelial connective tissue 
— T2: Tumor invades muscle 
- T2a Tumor invades superficial muscle 
- T2b Tumor invades deep muscle 
— T3:Tumor invades perivesical tissue 
- T3a Microscopically 
- T3b Macroscopically (extravesical mass) 
— T4: Tumor invades the adjacent organs or 
abdominal walls 
- T4a: Adjacent organs invasion 
- T4b: Abdominal wall. 


Nodal (N) Stage 


e Nx: Cannot be assessed 

e NO: No nodal metastases 

e NI: Single node less than 2 cm involved 

e N2: Single node involved 2-5 cm in size or multiple 
nodes none more than 5 cm 

e N3:One or more nodes more than 5 cm in size involved. 


Metastases (M) Stage 


e Mx: Cannot be defined 
e MO: No distant metastases 
e M1: Distant metastases present. 

Staging errors exist when one compares the clinical 
stage (that based on physical examination and imaging) 
with the pathologic stage (that based on removal of 
the bladder and regional lymph nodes). Over staging 
is relatively uncommon, but clinical under staging 
commonly occurs. 
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TREATMENT OPTIONS FOR UROTHELIAL CANCER 
Transurethral Resection’ 


Transuretheral resection (TUR) is the initial form of 
treatment for all bladder cancers. Transuretheral resection 
may also be performed in specially selected cases of upper 
tract of TCC. Generally, TCC upper tract is treated by 
radical nephroureterectomy (Figs 148.3 and 148.4). 
Transurethral resection of bladder cancer allows a 
reasonably accurate estimate of tumor stage and grade 
and the need for additional treatment. The patients with 
single, low-grade, noninvasive tumors may be treated with 


Fig. 148.3: Principle of transurethral resection of bladder 
tumor (TURBT) 


Fig. 148.4: Transurethral resection of bladder tumor (TURBT) 
is in progress 


TUR alone. But those with non muscle invasive disease 
or superficial disease but high-risk features should be 
treated with TUR followed by selective use of intravesical 
therapy. If TUR specimen shows histological proof of 
muscle invasion a radical surgery become the only choice 
of treatment which can offer a long-term survival.'*"® 


Laser Photocoagulation 


Photocoagulation of superficial TCC is possible with 
laser beam through rigid or flexi cystoscope as a day care 
basis. This procedure is good for follow-up cystoscopy 
and control of recurrent small tumor (Fig. 148.5). Before 
laser application a dose of hematoporphyrin is given to the 
patient. Hematoporphyrin is absorbed by tumor tissues 
and make the tumor photosensitive. If laser is applied now 
through cystoscope, then these sensitized tissues absorb 
laser and become necrosed. 


Intravesical/Luminal Immunotherapeutic or 
Chemotherapeutic Agents 


To prevent the recurrence of TCC, chemotherapeutic or 
immunotherapeutic or agents can be instilled into the 
bladder or ureter directly via catheter, thereby avoiding the 
morbidity of systemic administration in most cases. This 
intravesical therapy can have a prophylactic or therapeutic 
objective, either to reduce recurrence in patients whose 
tumors have been completely resected or lased with laser 
if the lesion is in the ureter. 


Fig. 148.5: Holmium laser 
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Mitomycin C 


This is an antitumor, antibiotic, alkylating agent that 
inhibits DNA synthesis. With a molecular weight of 329, 
systemic absorption is minimal. The usual dose is 40 mg 
in 40 cc of sterile water or saline given once after the TUR. 
Recurrent bladder cancer may be treated with 40 mg a 
week for 6 weeks. 


Bacillus of Calmette and Guérin 


The BCG is an attenuated strain of Mycobacterium bovis. 
Different strains of BCG become available for clinical use. 
They may vary in the number, pathogenicity, viability, and 
immunogenicity of organisms. The BCG has been shown 
to be very effective for TCC when used therapeutically and 
prophylactically. This seems to be the most efficacious 
intravesical agent for the management of CIS. Complete 
responses are recorded in 36-71% of patients with residual 
carcinoma. The recurrence rates are reduced substantially 
in patients treated after endoscopic resection. It has been 
shown the BCG is superior to intravesical chemotherapy in 
preventing recurrence in patients with high-risk superficial 
bladder cancer. 

Normally, BCG is administered every week for 6 weeks 
and another 6 week course may be administered if a repeat 
cystoscopy reveals tumor persistence or recurrence. 
Current evidence indicates that maintenance therapy with 
a weekly treatment for 3 weeks every 6 months for 1-3 
years may provide more lasting results. Current evidences 
are there that the dose of BCG may be reduced to half or 
even less without compromising the therapeutic efficacy. 


PROGNOSIS OF URETHELIAL CANCER 


The prognosis of bladder cancer is principally depends 
on tumor grade and stage. The multiplicity or rapid 
recurrence following an initial transurethral resection 
of bladder tumor is associated with greater recurrence 
rates. High risk cancers carry a correspondingly worse 
prognosis. T1-G3 cancers usually recur, and they progress 
in approximately 70-75% patients. This subset of cancer 
bladder patient demonstrates CIS frequently and making 
the prognosis worsen further. Immediate radical surgery 
may save the patient.’® 
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Transitional epithelial cells line the whole urinary tract; 
consequently, it has been suggested that in cases of 
transitional cell carcinoma (TCC) the entire urothelium is 
at risk of developing subsequent tumors. Only about 5% of 
all transitional cell tumors are located in the renal pelvis 
or ureter. The other 95% are located in the bladder (90%) 
and urethra (5%). Transitional cell carcinoma accounts for 
more than 90% of urothelial tumors of the upper urinary 
tract with 3 times more common in male than in female. 
In addition approximately 1/3 of patients with an upper 
tract TCC will develop an associated lower tract tumor 
and about 2-4% will develop a tumor in the contralateral 
collecting system. 


EPIDEMIOLOGY 


The mean age in persons who develop upper urinary 
tract urothelial tumors is 65 years. The incidence of TCC 
increases with age. Upper tract urothelial tumors are more 
common in men, with a male-to-female ratio of 3:1. Upper 
tract urothelial tumors are twice as common in white 
people as in black people. 

Upper tract TCC is associated with Balkan nephropathy, 
which is a degenerative interstitial nephritis of unknown 
etiology that predisposes to upper tract TCC in individuals 
from rural Balkan areas by a factor of 100-200 greater than 
that in individuals residing in neighboring communities. 
Tumors associated with Balkan nephropathy are generally 
low-grade, multiple, and bilateral, in contrast to TCC of 
other etiologies.” 


ETIOLOGY 


Tobacco smoking is the factor most strongly associated 
with upper tract TCC and increases the risk more than 
three-fold. Estimates point to smoking as the cause of 70% 
of upper tract tumors in men and 40% in women. Drinking 
coffee slightly increases the risk of upper tract TCC; this 


Upper Tract Transitional 
Cell Tumors 


risk factor is typically observed in people who consume 
more than seven cups of coffee per day. 

Analgesic abuse is also a risk factor for urothelial 
malignancy. It is independent from and synergistic 
with renal papillary necrosis. Long-term exposure to 
analgesics, notably phenacetin, induces a nephropathy 
that raises the risk of upper tract TCC to as high as 70%. 
Capillarosclerosis, which is characterized by a thickening 
of the basement membrane, is the pathognomonic finding 
of analgesic abuse and is found in 15% of patients with 
upper urinary tract tumors. 

Occupational exposure to agents used in the 
petrochemical, plastic, and tar industries has been linked 
to an increased risk of TCC. Chronic infections, irritation, 
and calculi may also predispose to squamous cell 
carcinoma and, less commonly, adenocarcinoma of the 
upper urinary tract. 

Cyclophosphamide has been linked to the development 
of urothelial tumors. More specifically, a breakdown 
metabolite called acrolein is thought to be the causative 
agent. Tumors associated with cyclophosphamide tend 
to be high-grade. Finally, heredity may play a part in the 
development of TCC.** 


PATHOPHYSIOLOGY 


Several molecular mechanisms have been associated 
with the development of upper urinary tract TCC. Tumor 
suppressor genes p19, p16, RBI, and TP53 have all been 
associated with upper tract TCC. Losses of TP53, p19, 
and p16 are associated with low-grade cancers, while a 
loss of RBI has been associated with higher-grade, more 
aggressive tumors.’ 


Patterns of Spread 


Transitional tumors spread conventionally in an upward 
and downward direction. For instance, studies have 
shown a high rate of recurrence in the distal ureteral stump 
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in patients treated with nephrectomy and incomplete 
ureterectomy. Conversely, TCC rarely recurs proximal to 
the level of resection of a ureteral lesion. Approximately 
30-75% of patients with upper tract urothelial tumors 
develop bladder tumors at some point during their cancer 
course. The risk ofupper tract TCC in patients with a bladder 
malignancy is 2-4% but as high as 21-25% in patients with 
carcinoma in situ. Thus, higher grade increases the risk of 
upper tract disease (Fig. 149.1).7* 

Lymphatic extension is another pattern observed in 
TCC. The most common locations for spread, depending 
on the site of the primary tumor, include para-aortic, 
paracaval, ipsilateral common iliac, and the pelvic lymph 
nodes. 

Hematogenous seeding also occurs, with the liver, 
lung, and bone being common sites for metastases (Fig. 
149.2). 


Distribution of Upper Tract Transitional 
Cell Carcinoma 


e Renal pelvis: 58% 

e Ureter: 35% (73% of which are located in the distal 
ureter) 

e Both renal pelvis and ureter: 7% 

e Bilateral involvement: 2-5% 


Fig. 149.1: Urothelial tumor involving ureter 


Fig. 149.2: Transitional cell carcinoma (TCC) of ureter 


Types of Upper Urinary Tract Tumors 


Transitional cell carcinoma is the most common histology 
observed, accounting for greater than 90% of upper urinary 
tract urothelial tumors. Transitional cell carcinomas 
(TCCs) are strongly associated with smoking (Fig. 149.3). 

The majority of renal pelvic and ureteral cancers 
are TCCs (90% and 97% respectively). Squamous cell 
carcinomas account for approximately 10% of renal 
pelvic cancers and are much rarer in the ureter. The most 
common metastatic tumors include those of stomach, 
prostate, kidney, breast and lymphoma. Squamous cell 
carcinoma comprises 1-7% of upper tract urothelial 
tumors. Squamous cell carcinoma is frequently associated 
with longstanding infected stag horn calculi. Affected 
patients frequently present with moderately to poorly 
differentiated tumors and advanced disease (Fig. 149.4). 

Adenocarcinoma accounts for less than 1% of upper 
tract tumors. Patients with adenocarcinoma of the upper 
urinary tract may also have associated calculi and long- 
term obstruction, suggesting an etiologic origin for these 
processes. 

Inverted papilloma is an unusual lesion that is 
generally considered a benign histologic lesion; however, 
it may harbor foci of malignant change (Fig. 149.5). 


Secondary Malignant Urethelial Tumors 


Hematogenous or local extension of tumor in renal pelvis 
or bladder secondarily from breast, stomach, colon, and 
cervix has been reported. Bilateral obstruction of ureters 


Fig. 149.3: Low-grade transitional cell carcinoma of renal pelvis 
growing in a pushing fashion around the medullary renal tubules 
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Fig. 149.4: Gross appearance of transitional cell carcinoma of 
renal pelvis. The tumor protrudes into the pelvic cavity and has a 
granular surface 


Fig. 149.5: Upper tract TCC of right renal tract, preoperative 
computed tomography (CT) scan and nephroureterectomy 
specimen 


is commonly seen in carcinoma of cervix in 30% of cases. 
Aggressive surgical intervention is usually discouraged 
because the over all prognoses usually remain unaltered. The 
most appropriate management is antigrade placement of 
stent to relieve ureteric obstruction thereby improving renal 
function in order to provide appropriate adjuvant therapy. 


Presentation 


Gross or microscopic hematuria (75%) is the most common 
clinical presentation of urothelial tumors of the renal 
pelvis and ureters. Flank pain (18%) results from gradual 
obstruction/distention of the collecting system or acute 
colic due to obstruction by a blood clot. Dysuria (6%): Some 
patients report irritative lower urinary tract symptomatology 
such as burning upon urination (Fig. 149.6). 

Weight loss, anorexia, flank mass, or bone pain are 
symptoms of advanced disease that manifest in a minority 
of patients. The natural history of this disease has shown a 
high correlation between the tumor stage and grade and 
the prognosis. 


Laboratory Studies 


e Urinalysis 

e To confirm hematuria and to rule out a coexistent 
urinary tract infection 

e Basic metabolic panel—to check serum creatinine 
(assess renal function) and electrolytes 

e Activated partial thromboplastin time (aPTT), 
prothrombin time (PT), and international normalized 
ratio (INR)—to check baseline coagulation status. 


Imaging Studies 
Excretory Urography 


This test is commonly referred to as an intravenous 
pyelography (IVP). Intravenous pyelography and cystoscopy 


Fig. 149.6: Intravenous urogram (IVP) demonstrating an upper 
calyx and lower calices including pelvis filling defect characteristic 
of transitional cell carcinoma. Blunting of the involved calyx is 
noted 
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? E 2S 
Fig. 149.7: Computed tomography scan with computed tomography urogram demonstrating right renal pelvis transitional cell 
carcinoma. Contrast in the renal pelvis is displaced by the tumor 


comprise the standard work-up inapatientwho presents with 
microscopic or gross hematuria. Intravenous pyelography is 
used to evaluate the upper urothelial tract, and cystoscopy 
is used to evaluate the lower urinary system (i.e. bladder). 
Approximately, 50-75% of patients with urothelial tumors of 
the renal pelvis and ureters have a radiolucent filling defect 
that is characteristically irregular and in continuity with the 
wall of the collecting system. 

Approximately 10-30% of such tumors cause 
obstruction or nonvisualization of the collecting system. 


Computed Tomography Scanning 


Noncontrast CT scanning can be performed, followed by 
a contrast study. CT urography with digital reconstruction 
has replaced IVP at some institutions. Plain radiography, 
which demonstrates drainage and anatomy, can also be 
performed after CT scanning (Figs 149.7 and 149.8). 

Transitional cell carcinomas are usually present as 
an irregular filling defect. They tend to be hypovascular 
when compared to the rest of the kidney and demonstrate 
minimal increased density (enhancement) following 
intravenous contrast injection.>* 

Computed tomography scanning has limited value 
in staging TCC because stage Ta and T2 cannot be 
differentiated (see Staging). However, CT scanning is 
helpful in demonstrating peripelvic or periureteral tumor 
extension, thereby assisting with staging of aggressive 
disease. Hydronephrosis and obstruction are associated 
with a higher degree of invasiveness. As with CT scanning, 


i 


Fig. 149.8: Computed tomography scan demonstrating left distal 
ureteral transitional cell carcinoma (TCC). The left ureter is dilated 
and a medial filling defect is noted 

Source: Andrew J Taylor, University of Wisconsin Medical School. 


MRI is also of limited use in staging early TCC; however, it 
may have greater utility in more advanced disease.” ®? 


Cytology 


Cytopathology of voided urine samples yield low 
sensitivity, especially for low-grade tumors, which result 
in normal cytology results in up to 80% of cases. The 
sensitivity of cytopathology increases for higher-grade 
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tumors, which tend to shed more tumor cells (Fig. 149.9). 
Cytology yields an accuracy of 83% in patients with grade 
IV disease. Selective washings of both the upper tracts and 
the bladder can aid in tumor localization. Cytology plays a 
role in urothelial tumor surveillance in conjunction with 
cystoscopy/ureteroscopy. 


DIAGNOSTIC PROCEDURES 
Cystoscopy 


Cystoscopy is a procedure in which a small fiber-optic or 
a rigid cystoscope scope is inserted through the urethra 
in order to visualize the bladder. This ambulatory/clinical 
procedure is usually well tolerated by both women and 
men. A 16F flexible cystoscope is typically used in men, 
whereas women can undergo either rigid or flexible 
cystoscopic examination. This procedure is mandatory 
to rule out co-existent bladder lesions. Cystoscopy is also 
essential for postoperative surveillance to monitor for 
bladder tumor development. 


Retrograde Urography 


Retrograde urography is a procedure in which contrast is 
injected into the ureteral orifice with the aid ofa cystoscope. 
This can be performed with fluoroscopic guidance or with 
standard radiography plates. 

Retrograde urography allows better visualization 
of the collecting system than excretory urography by 


Fig. 149.9: Left retrograde ureterogram demonstrating the 
classic “goblet” sign of ureteral transitional cell carcinoma. Ureteral 
dilation distally and proximally to the tumor is present. The 
narrowed wall of the ureter is irregular 

Source: Andrew J Taylor, University of Wisconsin Medical School. 


increasing the distention of the urinary collecting system. 
Retrograde pyelography is preferable in patients with 
azotemia and/or contrast allergy. Overall, retrograde 
urography is more than 75% accurate in establishing a 
diagnosis of urothelial cancer.'® 


Ureteropyeloscopy 


Since the advent of rigid and flexible ureteroscopes, 
ureteropyeloscopy is used increasingly for the diagnosis of 
upper tract urothelial tumors. Biopsy forceps or cytology 
brushings can be used to collect tissue. This procedure 
yields an accuracy of 86% in diagnosing renal pelvis tumors 
and 90% in diagnosing ureteral tumors. Large size, broad 
base, and nonpapillary pattern favor tumor invasiveness. 
Studies have demonstrated that 85% of TCC lesions in the 
renal pelvis are papillary (Figs 149.10 and 149.11). 

The complication ratro associated with 
ureteropyeloscopy is approximately 7% including 
perforation, complete disruption, and ureteral stricture. 


Fig. 149.10: Ureteroscopic view of urothelial tumor of ureter 


Fig. 149.11: Ureteroscopic view of the renal pelvis showing TCC 
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Percutaneous nephroscopy is not indicated for the 
diagnosis of urothelial tumors ofthe renal pelvis and ureters 
because of the theoretical risk of tumor cell implantation 
in the retr staging The distribution of tumor stages and 
grades differs from study to study. Most urothelial tumors 
of the renal pelvis and ureters are low-grade, low-stage 
TCCs. Stage and grade yield the greatest prognostic value 
(Figs 149.12A and B). 


STAGING 


Stages are based on the depth of tumor invasion and 

are classified using the tumor, node, metastases (TNM) 

system. In a 1998 study, stage I disease was found in 96% of 

patients with grade I upper tract TCC. 

e Tis: Carcinoma in situ 

e Ta: Superficial/papillary 

e Tl: Lamina propria invasion 

e T2: Muscularis propria invasion 

e T3: Peripelvic/periureteral/renal invasion 

e T4: Contiguous organ involvement 

e NO: Negative nodes 

e N1: Metastasis in single node less than 2 cm in diameter 

e N2: Metastasis in single node 2-5 cm in diameter or 
metastasis to multiple nodes less than 5 cm in diameter 

e N3: Metastasis in lymph node greater than 5 cm in 
diameter 


e MoO: No distant metastasis 
e M1: Distant metastasis 

The location of the tumor can affect the findings. Renal 
pelvis tumors are more commonly invasive than bladder 
tumors, possibly because of delayed diagnosis and a less 
well-developed muscle layer. 


Conventional Staging 


Stage0 CIS or papillary noninvasive carcinoma (Tis/ 
Ta, NO, MO) 

StageI Tumor invades lamina propria (T1, NO, MO) 

StageII Tumor invades muscle (T2, NO, MO) 

Stage II Invasion of periureteral or peripelvic fat, or 
renal parenchyma (T3, NO, MO) 

StageIV Tumor invades adjacent organs or through 


renal capsule with or without metastasis. 


Tumor Grade 

Pathological assignments range from grade 1 for well- 

differentiated tumors to grade 4 for poorly differentiated. 

Grade 1 Well differentiated 

Grade 2 Moderately differentiated 

Grade 3-4 Poorly differentiated and undifferentiated. 
Currently, grade 2 and 3 both are recognized as high 

grade and they are treated with great care and accuracy 

(WHO Classification of TCC grading 2004). 


Figs 149.12A and B: Ureteric transitional cell carcinoma seen on ureteroscopy in patient of unexplained hematuria 


Chapter 149 Upper Tract Transitional Cell Tumors 


TREATMENT 


Treatment of ureter and renal pelvic tumors should 
be based primarily on grade, stage, position and 
multiplicity of the tumor. Complete nephroureterectomy 
with excision of a cuff of bladder remains the standard 
treatment because of the high incidence of recurrence 
with more conservative management. Laparoscopic 
nephroureterectomy have been performed in selected 
cases and early results are encouraging. 

Nephroureterectomy with excision of the bladder 
cuff is considered the standard therapy in patients with 
renal pelvis TCC, regionally extensive disease, and high- 
grade or high-stage lesions. Radical surgery also retains a 
role in treatment of medium-grade, noninvasive tumors 
of the renal pelvis and upper ureter when they are large, 
multifocal, or rapidly recurring despite maximal efforts at 
conservative surgery. Segmental ureterectomy coupled 
with ureteral reimplantation is indicated in patients with 
ureteral tumors located in the distal ureter, generally of 
lower grade and stage. Unfortunately, because of the 
multifocal nature of TCC, the ipsilateral recurrence rate is 
25% or greater after segmental ureterectomy.® 117 


Organ Preserving Protocol 


Renal-sparing surgery, including segmental ureterectomy 
and endoscopic therapy, maintains a vital role in the 
management of upper tract urothelial tumors. Typically, 
patients with small, low-grade superficial lesions are the 
best candidates for this approach. Some investigators use 
this approach more frequently in patients with a solitary 
kidney, bilateral disease, compromised renal function, 
synchronous tumors, or greater baseline operative risk.” 


Open Radical Nephroureterectomy 


Nephroureterectomy is the criterion standard for large, 
high-grade (grade 3) tumors of the renal pelvis and proximal 
ureter that are organ-confined or locally advanced. 
Nephroureterectomy is also recommended for multifocal, 
recurrent, grade 1-2 tumors, which are found to be less 
amenable to ureteroscopic management. 

This procedure involves removal of the kidney, ureter, 
and bladder cuff via a transperitoneal or retroperitoneal 
approach with a separate lower quadrant Gibson incision 
or through one anterolateral extended incision with the 
patient placed in a flank torque position. Care is taken to 
excise the entire distal ureter and bladder cuff through 
extravesical, or combined extra-and intravesical approach 
to prevent local recurrence. Distal ureterectomy may be 
done by traditional open distal ureterectomy, transurethral 
resection of the ureteral orifice, intussusception (stripping), 
transvesical laparoscopic ligation and detachment 
technique (Figs 149.13A and B).!°!2"6 


Lymphadenectomy 


Regional lymphadenectomy is included with radical 
nephroureterectomy for renal pelvis and proximal or 
mid-ureteral tumors, the ipsilateral renal hilar nodes and 
adjacent para-aortic or paracaval nodes are resected. 
This dissections adds little additional operative time or 
morbidity to surgery. It should be perform for staging 
purposes and potentially offers a therapeutic benefit. In 
case of patients with severe atherosclerosis of the aorta or 
grossly positive and fixed nodes, node dissection is limited 
or omitted in these cases. A recent study demonstrated 
a significant survival advantage in patients undergoing 


H 


AN 


Figs 149.13A and B: “Pluck” technique (Group 1): (A) The intramural ureter is circumferentially excised. A 5 French ureteral catheter may 
be inserted to facilitate excision of the orifice and later ureteral dissection. After repositioning, the ureter is first ligated below the tumor 
to prevent tumor cell spillage. The lower ureter is mobilized and, when the ureter is completely detached, it is “plucked.” (B) Transurethral 
extraction (Group 2): During nephrectomy, the ureter is first transected. The ureteral end with stylet inside of catheter is kinked and fixed 
with 2 ligatures. Under traction on the catheter the intramural ureter is excised, and the distal ureter is transurethrally extracted 


Source: Burkhard Ubrig, Michael Boenig, Michael Waldner, Stephan Roth. European UrologyVolume 46, issue 6, pages 681-826, December 2004. 
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extensive regional lymphadenectomy at the time of 
nephroureterectomy [RNU+RPLND]. 


Laparoscopic Nephroureterectomy 


The indications and oncologic surgical principles for 
laparoscopic nephroureterectomy are similar to those of 
the open approach. Pure laparoscopic transperitoneal 
and retroperitoneal approaches, as well as hand-assisted 
laparoscopic approaches, have been described. The 
optimal technique depends largely on surgeon experience. 
Laparoscopic nephroureterectomy is the preferred 
approach of 73% of urologists surveyed for the treatment 
of large, high-grade renal pelvic/upper-ureteral TCC. 

Optimal management of the bladder cuff remains 
controversial. Some investigators prefer hand-assisted 
laparoscopic en bloc excision of the distal ureter with 
closure of cystotomy defect. Operative time is comparable 
with that of the standard open procedure. 

Laparoscopic nephroureterectomy offers the benefits 
of minimally invasive surgery, including less blood loss, 
decreased narcotic analgesia requirements, shorter 
hospitalization, rapid return to normal activity, and 
improved cosmetic result. A recent series found that 
laparoscopic nephroureterectomy offers 5-year disease- 
specific survival rates comparable to those of open radical 
nephroureterectomy. 

Complete distal ureterectomy with a bladder cuff is 
necessary with nephroureterectomy and represents a 
distinct portion ofthe case, whetheran open orlaparoscopic 
approach to the kidney is used. General principles 
include intact complete ureteral excision with controlled 
occlusion of the ureteral orifice. The entire distal ureter, 
including the intramural portion and the ureteral orifice 
is removed. Failure to completely remove the entire distal 
ureter and ureteral orifice is associated with a high rate of 
tumor recurrence. The ureter may be kept in continuity 
with the kidney to obviate the risk of tumor spillage from 
the lumen. One should kept in mind that TCC is a tumor 
that has the potential to seed nonurothelial surfaces and 
maintenance of a “closed system” is important, especially 
with high-grade tumors.'** 


Ureteroscopic Treatment 


The ureteroscopic approach to tumors was first described 
by Goodman in 1984 and is generally favored for ureteral 
and small renal tumors. With the advent of small diameter 
rigid and flexible ureteroscope, tumor location and 
diagnosis can be easily ascertained. The advantage of 
ureteroscopic approach is lower morbidity than that of 


the percutaneous and open surgical counterparts, with 
the maintenance of a closed system. With a closed system, 
nonurothelial surfaces are not exposed to the possibility of 
tumor seeding." 

The major disadvantages of a retrograde approach are 
related to the smaller instruments that have a smaller field 
of vision and working channel. In addition, some portions 
of the upper urinary tract, such as the lower pole calyces 
cannot be reliably reached with working instruments. 
Smaller instruments limit the ability to remove large 
tumors and to obtain deep specimens for reliable staging. 
Retrograde ureteroscopy is difficult in patients with prior 
urinary diversion. 

Ureteroscopy offers a renal-preserving alternative to 
traditional nephroureterectomy and is used in patients 
with compromised renal function, bilateral upper 
tract disease, or other medical contraindications to 
nephroureterectomy. Ureteroscopic ablation is now the 
preferred choice for low-grade upper tract TCC. The use 
of Nd:YAG and Ho:YAG lasers, as well as small 2F-3F 
electrosurgical devices enable ureteroscopic resection, 
coagulation, and ablation of upper tract tumors under 
direct vision. At 2 weeks administration of topical adjuvant 
therapeutic agents such as bacillus Calmette-Guerin 
(BCG), mitomycin or adriamycin is possible if a ureteric 
stent is placed at the end of the ureteroscopic fulguration. 
Intravesical BCG or mitomycin will reach upper tract as 
the stent will allow refluxing the bladder content to the 
upper tract.?®?425 


Percutaneous Treatment 


The percutaneous approach was first described 
by Tomera and coworkers in 1982 and is generally 
favored for larger tumors located proximally in the 
renal pelvis or proximal ureter. The main advantage of 
the percutaneous approach is the ability to use larger 
instruments that can remove a large volume tumor in 
any portion of the renal collecting system. Because 
deeper biopsy specimens are obtained, tumor staging 
as well as grading is usually possible.” 

With a percutaneous approach the established 
nephrostomy tract can be maintained for immediate 
postoperative nephroscopy andasecond looknephroscopy 
is performed 4-14 days later to allow adequate healing and 
administration of topical adjuvant therapeutic agents such 
as BCG, mitomycin, or adriamycin. Tumor seeding of the 
nephrostomy tract, although rare, has been reported and 
is associated with high-grade lesions. Recurrence rates 
by grade are as follows: grade I (18%); grade II (33%); and 
grade III (50%).!5??-*4 
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Partial Ureterectomy 


Distal ureterectomy with reimplantation is a reasonable 
alternative for patients with low-grade, noninvasive, 
tumors of the distal ureter. Preservation of the ipsilateral 
renal moiety is particularly advantageous for patients with 
borderline renal function. The surgical procedure might 
require a psoas hitch or boari bladder flap, depending 
upon the length of resected ureter. Although the open 
approach has traditionally been described for distal 
ureteral resection, early reports of success with both the 
laparoscopic and robotic techniques indicate that these 
may be feasible options. Finally, bladder reimplantation 
should be at a site that is amenable for future upper-tract 
access as recurrence rates are significant.” 


COMPLICATIONS 


e Disease progression 
e Obstruction 

e Bleeding 

e Infection. 

Open procedures are associated with an increased risk 
of postoperative pulmonary complications. Laparoscopic 
approach may be associated with bleeding, infection, 
injury to surrounding bowel or viscera, and port site 
hernia are several complications to fully discuss with 
patients during the informed consent process. Ureteral 
perforation, delayed ureteral stricture, extraluminal 
tumor spillage, and tumor propagation are some of 
several complications associated with endoscopic 
surgery. In addition, the reliability in staging tumors is 
lacking with this approach. Percutaneous surgery carries 
a risk of immediate and delayed bleeding, a risk of tumor 
seeding, and a risk of pleural cavity violation, potentially 
resulting in hydrothorax that will necessitate chest tube 
drainage. Instillation of topical chemotherapeutic agents 
is associated with collecting system scarring, obstruction, 
systemic absorption, sepsis, and toxic agranulocytosis 
due to heightened perfusion pressures. Medical therapy 
carries a complication profile that is similar to that of 
nontreatment. 


FOLLOW-UP 


Follow-up is largely determined by tumor grade and stage. 
Tighter follow-up intervals are warranted in patients 
with higher-grade or higher-stage lesions (Table 149.1). 
Surveillance ureteroscopy under local anesthesia in the 
clinic is feasible and well tolerated in selected patients. 
The high rate of recurrence mandates a strict postoperative 


Table 149.1: Prognosis of nephroureterectomy 
(5-year survival by stage) 


Stage Tis, Ta, T1 

Stage T2 

Stage T3/T4 or N1/N2 
Stage N3/M1 


surveillance for any renal-sparing treatment strategy used 
to manage upper-tract urothelial tumors. 

Astandard surveillance protocol consists of cystoscopy 
and selective urine cytology at 3-month intervals 
postoperatively for the first year and every 6 months 
during the second year. Excretory urography or retrograde 
ureteropyelography can be performed at 3- to 6-month 
intervals to evaluate the upper tract. Ureteroscopy is 
the most sensitive tool in detecting recurrence and is 
performed routinely at 3-month intervals initially, with 
the frequency increasing to 6 months after the first year. At 
2-5 years, cystoscopy and ureteroscopy are continued at 
6-month intervals. 

As mentioned above, ureteroscopy is the preferred 
surveillance tool in detecting recurrences after endoscopic 
ablation of upper tract TCC. Ureteroscopy with biopsy 
and cytology yields a sensitivity of 93.4% and specificity 
of 65.2%. In the same series, surveillance with retrograde 
pyelography had a sensitivity and specificity of 71.7% and 
84.7%, respectively. 

Voided urine cytology and microscopic hematuria 
yield a low sensitivity but reasonable specificity in 
detecting upper tract recurrences. Upon any recurrence, 
the endoscopic cycle is restarted. The contralateral 
collecting system is studied radiographically once yearly 
with retrograde pyelography or IVP and cytology. 

Surveillance cystoscopy andimaging ofthecontralateral 
upper tractis also required to detect recurrences in patients 
treated with nephroureterectomy. Several novel markers 
in addition to urine cytology may be helpful in detecting 
recurrent urothelial carcinoma. A recent prospective study 
reported urinary fibrinogen/fibrin degradation products 
(FDPs), bladder tumor antigen (BTA), and urine cytology 
to yield sensitivities of 100%, 50% and 29%, respectively, in 
detecting upper-tract TCC. Specificity was 83%, 62% and 
59% for FDP, BTA, and cytology, respectively.”® 

On multivariate analysis, only stage and age were 
significant prognostic factors for survival. The type of 
surgical procedure (radical vs renal-sparing) approached 
significance. Most evidence suggests that, for small, 
low-grade/low-stage tumors, a renal-sparing procedure 
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and nephroureterectomy achieve equivalent results. 
Evidence demonstrates that patients with grade III lesions 
cannot be cured with anything other than radical surgery.” 
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Bladder carcinoma is the most common malignancy of 
the urinary tract. It is the second most common urologic 
malignancy. Eighty percent of cases occur in patients over 
50 years of age. Men are affected more commonly than 
women in a 2-3:1 ratio. 

Transitional cell carcinoma (TCC) accounts for 90% of 
these cases, squamous cell carcinoma (SCC) about 8% and 
adenocarcinoma 2%. (123) Whites are more commonly 
affected than blacks by a 4:1 ratio. Approximately, 75-85% 
of patients with bladder cancer present with disease 
confined to the mucosa [stage Ta, carcinoma in situ (CIS)] 
or submucosa (stage T1).14 


RISK FACTORS FOR THE DEVELOPMENT OF 
BLADDER CANCER (BOX 150.1) 


As with most cancers, no cause of bladder cancer is known. 
However, there is strong circumstantial evidence that 
environ-mental exposure to carcinogens plays a major 
role. Up to 33% of cases may be related to occupational 
exposures to carcinogenic aromatic amines in dye, textile, 
rubber, cable, printing and plastic industries. Four proven 
bladder carcinogens are: 

1. Beta-naphthylamine 

2. 4-aminobipheny]l (xenylamine) 

3. 4-nitrobiphenyl 

4. 4,4-diaminobiphenyl (benzidine) 

Significant nonoccupational exposures are cigarette 
smoking, dietary nitrosamines, schistosoma hematobium 
infestation of the bladder and possibly caffeine, saccharin 
and phenacetin (Table 150.1). 

Up to 80% of bladder cancer cases are associated 
with environmental exposure, which suggests that 
bladder cancer is potentially preventable. Smoking is the 
most commonly associated risk factor and accounts for 
approximately 50% of all bladder cancers. Nitrosamine, 
2-naphthylamine, and 4-aminobiphenyl are possible 


Bladder Cancer 


carcinogenic agents found in cigarette smoke. Bladder 
cancer is also associated with industrial exposure to 
aromatic amines in dyes, paints, solvents, leather dust, 
inks, combustion products, rubber, and textiles. Therefore, 
higher-risk occupations associated with bladder cancer 
include painting, driving trucks, and working with metal.**° 

Several medical risk factors are associated with 
bladder cancer. Patients with prior exposure to radiation 
treatment of the pelvis have an increased risk of bladder 
cancer. Chemotherapy with cyclophosphamide increases 
the risk of bladder cancer via exposure to acrolein, a 
urinary metabolite of cyclophosphamide. Pelvic radiation 
of carcinoma cervix has two- to four-fold increased risk of 
developing TCC of the bladder. Patients with spinal cord 
injuries who have long-term indwelling catheters have 
a 16- to 20-fold increased risk of developing SCC of the 
bladder.*® 

Coffee consumption does not increase the risk of 
developing bladder cancer. Early studies of rodents and a 
minority of human studies suggested a weak connection 
between artificial sweeteners (e.g. saccharin, cyclamate) 
and bladder cancer; however, most recent studies show no 
significant correlation. 

Although no convincing evidence exists for a hereditary 
factor in the development of bladder cancer, familial 
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clusters of bladder cancer have been reported. Several 
genetic mutations have been identified in bladder cancer. 
Mutations of the tumor suppressor gene for p53, found on 
chromosome 17, are associated with high-grade bladder 
cancer and CIS. Mutations of the tumor suppressor gene 
for p15 and p16, found on chromosome 9, are associated 
with low-grade and superficial tumors. Retinoblastoma 
(Rb) tumor suppressor gene mutations are also noted. 
Bladder cancer is associated with increased expression of 
the epidermal growth factor gene and the erb- b2 oncogene 
(Table 150.1).°° 

Many of the occupations may be related to urothelial 
carcinogens. At-risk groups include workers in the 
following industries: printing, iron and aluminum 
processing, industrial painting, gas and tar manufacturing. 
Another prominent risk factor is cigarette smoking, which 
triples the risk of developing bladder cancer (Box 150.1). 
Smoking leads to higher mortality from bladder cancer 
during long-term follow-up.*° 


EXTERNAL BEAM RADIATION THERAPY 


Increased rates of secondary bladder malignancies have 
been reported after external beam radiation therapy 
(EBRT) for gynecological malignancies with relative risks 
of 2-4. In patients treated for prostate cancer, the incidence 
of bladder cancer was significantly lower in patients 
treated with radical prostatectomy than in patients who 
underwent EBRT.** 


Dietary Factors 


Several dietary factors had been related to bladder cancer, 
but the results of different studies have been controversial. 
Currently, there is limited evidence of a causal relationship 
between bladder cancer and dietary factors. A meta- 
analysis of reporting data on diet and bladder cancer 
supported the hypothesis that vegetable and fruit intake 
reduced the risk of bladder cancer.*® 


Chronic Urinary Tract Infection 


Muscle-invasive bladder cancer, particularly invasive SCC, 
is directly related to the presence of chronic urinary tract 
infection. Bladder schistosomiasis has been considered 
a definitive cause of urinary bladder cancer with an 
associated five-fold risk. Schistosomiasis is the second 
most common parasitic infection after malaria, with about 
600 million people exposed to infection in Africa, Asia, 
South America and the Caribbean.**® 
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Table 150.1: Etiology and risk factors for the development 


of bladder cancer 
Cigarette smoking Lather industry 
Industrial exposure Analgesics (Phenacetin) 
Textile industry Cyclophosphamide 


Chronic irritation 


Rubber fire industry 


Hair dresser Schistosoma hematobium 


Painters Urachal remnants 


Metal workers Radiotherapy 


In the same way as cyclophosphamide, an alkylating 
agent used for treatment of lymphoproliferative diseases 
and other non-neoplastic diseases, it has been correlated 
with posterior development of muscle-invasive bladder 
cancer with a period of latency of 6-13 years. Acrolein is 
a metabolite of cyclophosphamide and is responsible for 
an increase in the incidence of bladder cancer, which is 
independent of the occurrence of hemorrhagic cystitis 
related to the same treatment.*® 


PATHOLOGY 


Transitional cell carcinoma is described as a field defects 
because the entire urothelium, from the renal pelvis to the 
bladder, is bathed in the urinary carcinogens. However, 
most tumors occur on the floor of the bladder where 
exposure is greatest. These tumors usually grow in a 
papillary fashion and are often multicentric. 

Almost all bladder cancers are epithelial in origin. The 
urothelium consists of a 3-7 cell mucosal layer within the 
muscular bladder. Of these urothelial tumors, more than 
90% are TCCs. However, up to 5% of bladder cancers are 
squamous cell in origin, and 2% are adenocarcinomas. 
Nonurothelial primary bladder tumors are extremely rare 
and may include small cell carcinoma, carcinosarcoma, 
primary lymphoma, and sarcoma. 

Bladder cancer is often described as a polyclonal 
field change defect with frequent recurrences due to 
a heightened potential for malignant transformation. 
However, bladder cancer has also been described as 
a problem with implantation and migration from a 
previously affected site. 

The World Health Organization (WHO) classifies 
bladder cancers as low-grade (grade 1 and 2) or high-grade 
(grade 3). Tumors are also classified by growth patterns: 
papillary (70%), sessile or mixed (20%), and nodular 
(10%). Carcinoma in situ is a flat, noninvasive, high-grade 
urothelial carcinoma. The most significant prognostic 
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factors for bladder cancer are grade, depth of invasion, 
and the presence of CIS. 

Upon presentation, 55-60% of patients have low-grade 
superficial disease, which is usually treated conservatively 
with transurethral resection (TUR) and periodic 
cystoscopy. Forty to forty-five percent of patients have 
high-grade disease, of which 50% is muscle invasive and is 
typically treated with radical cystectomy. 

Less than 5% of bladder cancers in the United States are 
SCCs. However, worldwide, SCC is the most common form, 
accounting for 75% of bladder cancer in underdeveloped 
nations. In the United States, SCC is associated with 
persistent inflammation from long-term indwelling Foley 
catheters and bladder stones. In underdeveloped nations, 
SCC is associated with bladder infection by Schistosoma 
hematobium. 

Adenocarcinomas account for less than 2% of primary 
bladder tumors. These tumors are observed most 
commonly in exstrophic bladders and respond poorly to 
radiation and chemotherapy. Radical cystectomy is the 
treatment of choice. 

Small cell carcinomas are aggressive tumors 
associated with a poor prognosis and are thought to arise 
from neuroendocrine stem cells. Carcinosarcomas are 
highly malignant tumors that contain both mesenchymal 
and epithelial elements. Primary bladder lymphomas 
arise in the submucosa of the bladder and are treated 
with radiation therapy. Rhabdomyosarcomas most 
commonly occur in children and carry a poor prognosis 
(Box 150.2). 


TRANSITIONAL CELL CARCINOMA 


This tumor commonly appears as papillary lesion, less 
commonly they may be sessile or ulcerated. The former 
group is usually superficial in nature and sessile growths 
are often invasive. The frequency of tumor invasion, 
recurrence and progression is strongly correlated with 
tumor grade. Patients with low-grade tumors have an 
excellent 10 years survival (98%), those with high-grade 
tumors have a reduced survival (35%). 


Box 150.2: Most common bladder cancer 


Box 150.3: Relative frequency of tumor incidence in bladder 


Histological Types of Urothelial Tumor 


Benign 
Malignant 


Papilloma (very rare) 

Transitional cell carcinoma 90% 
Adenocarcinoma more than 2% 
Squamous cell carcinoma 5-10% 
Undifferentiated carcinoma more than 2% 
Mixed carcinoma 4-6% 

Carcinoma in situ 

Carcinosarcomas, melanoma, carcinoid 
tumor, etc. 

Two important variants of bladder cancer are bladder 
papilloma and CIS. Bladder papilloma is transitional 
cell tumors or stage 0 bladder cancers with a high rate of 
recurrence (up to 47%). Close follow-up of these lesions is 
necessary because approximately 3% will progress to frank 
bladder cancer. Carcinoma in situis characterized by severe 
urothelial dysplasia and is clearly associated with a poor 
prognosis despite being confined to the mucosa. It has a 
highrecurrencerate ofmorethan 80% mostbeing multifocal 
and with progression to a higher stage and grade in 50-75% 
(Box 150.3). 


Rare tumors 


Staging Nomenclature and Criteria 


The histologic stage of the cancer (i.e. depth of invasion 
into the bladder wall) is the single most important 
prognostic factor. Two principal staging classifications 
exist while transition is occurring from the older ABCD 
system of Jewett and Marshall to the newer tumor, 
nodes and metastases (TNM) classification. Both are 
reviewed here." 


Carcinoma in Situ 


Defined as noninvasive, high-grade, flat cancer confined 
to the epithelium, CIS may be localized or diffuse, and it 
may occur in association with low-stage or muscle invasive 
TCC. It is recognized endoscopically as a friable red area 
indistinguishable from inflammation. Carcinoma in situ 
spreads laterally, displacing normal epithelium. 

Urine cytology is positive in 90% of patients because 
of a loss in the cohesiveness of cells. The diffuse nature of 
the disease was first documented by Melicow; he reported 
that the entire bladder was involved in 71% of cases, with 
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associated distal ureteral and bladder neck carcinoma in 
57% and urethral involvement in 62%. 

The behavior of CIS is highly variable. The likelihood 
of progression to muscle-invasive bladder cancer depends 
on the extent to which the mucosa is involved with 
CIS. With transurethral surgery as sole treatment, most 
patients with CIS demonstrate muscle invasion by 10 
years. Most patients achieve durable complete responses 
to intravesical therapy, in particular, Bacillus Calmette- 
Guérin (BCG). A proportion of patients who are resistant 
to therapy require cystectomy. 


Natural History of Bladder Cancer 


The natural history of superficial bladder carcinoma was 
evaluated in a longitudinal, multi-institutional prospective 
study reported by the National Bladder Cancer Group 
in 1983. The rate of progression to muscle invasion or 
metastasis was 2% for grade I, 11% for grade II, and 45% 
for grade III tumors in 207 patients analyzed for a median 
of 39 months. Only 4% of Ta tumors progressed, compared 
with 30% of T1 tumors."! 

When moderate to severe dysplasia was present 
elsewhere in the bladder, 33% progressed, compared with 
8% when there were no associated mucosal abnormalities. 
Thirty-five percent of tumors greater than 5 cm progressed, 
compared with 9% when tumors were smaller than 5 
cm. The progression rate was 2% for Ta grade I tumors, 
compared with 48% for grade III T1 tumors (Box 150.3). 

Recurrence of non-muscle invasive tumor is a more 
common problem than progression. In the National 
Bladder Cancer Group study, the recurrence rate at 1 year 
was 30% for grade I, 28% for grade II, and 70% for grade 
III tumors. At 3 years, the recurrence rate was 48% for Ta 
tumors, compared with 70% for Tl tumors. Recurrence 
rates increased when there were associated mucosal 
abnormalities, positive cytology, four or more tumors, and 
tumors larger than 5 cm in maximum diameter. 


Staging of Bladder Cancer 


Fundamental basis of the treatment of the bladder cancer 
is based on perfect staging of the individual patient. The 
classic clinicopathologic studies by Jewett and Strong in 
1945 and Jewett in 1952 correlate the probability ofregional 
lymph node and distant metastases with the depth of 
tumor penetration into and through the muscular wall of 
the bladder. With slight modifications, these studies form 
the basis of the current major staging systems and table. 
Despite their fundamental value, however, these staging 
systems have several shortcomings: 


Table 150.2: Comparison of different staging system for 
transitional cell carcinoma bladder 


TNM Classification 
Tis NO MO: Ta NO MO 


Jewett/Marshall stage 
e CIS,O 


“A T1 NO MO 


-B1 T2 NO MO 
°B2,C T3a, NO MO; T3b NO MO 


-D1,D2 4 NO MO, AnyT, N1, N2, N3 MO; Any T, Any 
N, M1 


e Clinical staging underestimates disease extent (judged 

by pathologic staging) in up to 50%. 

e Importance of vascular and lymphatic invasion as an 
independent prognostic variable is ignored. 

e The danger of invasion of lamina propria is underrated. 

e Carcinoma in situ of the bladder is no included. 

The 1997 American Joint Committee on Cancer (AJCC) 
clinical staging system is a compromise between clinical 
and pathologic staging systems. Although it fine tunes 
the prior AJCC system, it requires fractionated of bladder 
tumors (TURBT) or a cystectomy to differentiate the T2 
sub stages and a cystectomy to distinguish T2 from T3a.'*"° 

This may lead to inconsistencies in reporting and may 
create problems when comparing outcome of patients 
managed by cystectomy with those managed by an organ- 
sparing approach (Table 150.2). 


Jewet/Marshall Staging System (Fig. 150.1) 


StageO Carcinoma in situ (CIS) or superficial papillary 
tumor confined to the mucosa with no 
invasion. 

Stage A Papillary tumor invading the lamina propria 

Stage B1 Tumor with superficial muscle invasion 

Stage B2 Tumor with deep muscle invasion 

StageC Invasion of the perivesical fat 

Stage D1 Involvement of adjacent viscera and/or pelvic 
nodes 

Stage D2 Involvement of nodes above the aortic 


bifurcation or distant spread. 


TNM Staging or Tumor, Nodes and Metastases 
Classification (Fig. 150.2) 


The 2002 TNM classification approved by the Union 
International Contre le Cancer (UICC) has been widely 
accepted (Boxes 150.4 and 150.5).!° 

TNM staging system of bladder cancer is universally 
accepted, convenient and easy to practice. Most advanced 
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Stage 0 
Urothelium 
Stage | 
Lamina propria 
Stage Il 
Muscle 
Stage Ill Peritoneum 
Fat 
Bladder 
Stage IV 


Fig. 150.1: Jewet/Marshall staging system of bladder cancer 


institution dealing the bladder cancer as high volume 


Box 150.4: TNM staging of the bladder cancer ; : : 
center is using this protocol. 


Tumor Status 
TX Primary tumor cannot be assessed 
TO No evidence of primary tumor World Health Organization Grading 


Ta. Non-invasive papillary carcinoma of Bladder Cancer 
Tis Carcinoma in situ: ‘flat tumor’ ee . . : 
Tunormmeades dbepnhclnlcanmecuret ae In 1998, the new classification of non-invasive urothelial 


Tumor lnvadesinucele tumors was proposed by the WHO and the International 
T2a Tumor invades superficial muscle (inner half ) Society of Urological Pathology (ISUP) (1998 WHO/ISUP 
T2b Tumor invades deep muscle (outer half ) classification) and published by the WHO in 2004. Its 
Tumor invades perivesical tissue: major contribution is a detailed histological description 
T3a Microscopically of the various grades, employing specific cytological and 
T3b Macroscopically (extravesical mass) architectural criteria. A website (www.pathology.jhu. 
Tumor invades prostate, uterus or vagina Tumor invades edu/bladder) illustrating examples of various grades 
pelvic wall or abdominal wall was developed to improve accuracy further in using the 
T4a Tumor invade any of the following: prostate, uterus, vagina, system. Tumor grade refers to the histologic morphology 
as determined by cellular atypia, nuclear abnormalities 
and the number as well as the location of mitotic figures.” 


T4b Tumor invades pelvic wall, abdominal wall 
Lymph Node Status 
N-Lymph nodes 
NX — Regional lymph can not be assessed 
NO No regional lymph node metastasis 


N1 Metastasis in a single lymph node more than 2 cm but not e Grade 1 = Well-differentiated (10% will be invasive) 


WHO Grading (1973) 


more than 5 cm in greatest dimension, or multiple lymph 
nodes, none more than 5 cm in greatest dimension. 


N2 Metastasis in a lymph node more than 5 cm in 
greatest dimension 


Metastatic Status 
M-Distant metastasis 
MX Distant metastasis cannot be assessed 


e Grade2=Moderately-differentiated (50% will be invasive) 
e Grade 3 = Poorly-differentiated (> 80% will be invasive) 


Box 150.5: ‘M’staging of the bladder cancer 
M- Distant metastasis 


MX Distant metastasis can not be assessed 
MO No Distant metastasis 
M1 Distant metastasis 


MO No metastasis 
M1 Presence of metastasis 
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Fig. 150.2: Tumor, nodes and metastases (TNM) staging of bladder cancer 


WHO Grading (2004) 


e Urothelial Papilloma 

e Papillary urothelial neoplasm of low malignant 
potential (PUNLMP) 

e Low-grade papillary urothelial carcinoma(Grade I of 

1973 classification) 

e High-grade papillary urothelial carcinoma(Grade II 
and III of 1973 classification) 

The use of the 2004 WHO classification is advocated, as 
this should result in a uniform diagnosis of tumors, which 
is better classified according to risk potential. However, 
until the 2004 WHO classification has been validated by 
more clinical trials, tumors should be graded using both 
the 1973 and the 2004 WHO classifications." 

Despite well-defined criteria for the diagnosis of 
urothelial carcinoma, there is significant variability among 
pathologists defining dysplasia and CIS. There is also 
important interobserver variability in classifying stage T1 
versus Ta tumors and grading tumors. As a consequence, 
this working party strongly recommends that the urologist 
reviews histological findings with the pathologist.” 


WORK-UP OF PATIENT WITH BLADDER CANCER 


History 


Hematuria is the hallmark of bladder cancer either alone 
or associated with irritative symptoms (frequency, urgency 


AIKEN 


INK 
vy 


T4 NI-3 
TNM Classification 


American Classification 


Mucosa 
#5" Lamina propria 


Pere 


coe 


Muscularis propria 


< 
z 


Perivesical fat 


Adjacent structures 


Nodal status 


Metastasis 


and dysuria). Irritative symptoms will present alone in 
30% of cases, usually with invasive cancer or CIS. Other 
less common presentations include flank pain (ureteral 
obstruction), pelvic pain (spread outside bladder) and leg 
edema (lymphatic involvement) (Box 150.6). 

Hematuria is the most common finding in TaT1 bladder 
tumors. TaT1 tumors do not cause bladder pain and rarely 
present with bladder irritation, dysuria or urgency. In 
patients who do complain of these symptoms, CIS may be 
suspected. 

Approximately, 80-90% of patients with bladder cancer 
present with painless gross hematuria, which is the classic 
presentation. Consider all patients with gross hematuria 
to have bladder cancer until proven otherwise. Suspect 
bladder cancer if any patient presents with unexplained 
microscopic hematuria. 

Twenty-to-thirty percent of patients with bladder cancer 
experience irritative bladder symptoms such as dysuria, 
urgency or frequency of urination that are related to more 
advanced muscle-invasive disease or CIS (Box 150.9). 

Patients with advanced disease can present with pelvic 
or bony pain, lower-extremity edema from iliac vessel 
compression, or flank pain from ureteral obstruction. 


Physical Examination 


The physical exam is usually unremarkable except in far 
advanced disease. Physical examination will not reveal 
TaT1 bladder tumors. A bimanual exam should always be 


Chapter 150 Bladder Cancer 


Box 150.6: Symptoms of bladder tumor 


performed, preferably at the time of cystoscopy. A palpable 
tumor indicates that at least the muscular wall is involved. 
Bimanual examination after resection of bladder tumor 
will provide clinical staging. Superficial bladder cancer is 
rarely found during a physical examination. Occasionally, 
an abdominal or pelvic mass may be palpable. 


Laboratory Tests 


Urinalysis and culture are mandatory to confirm 
hematuria and to look for evidence of infection. Even if 
infection is demonstrated and hematuria clears after 
treatment with antibiotics, further investigation should be 
undertaken in high-risk individuals (age, sex, industrial 
exposure, and smoker). Azotemia may be noted in patient 
with ureteral occlusion. If the diagnosis is made or if 
surgery is planned the usual metastatic and preoperative 
labs should be obtained. 


Bladder Tumor Markers 


Newer molecular and genetic markers may help in the 
early detection and prediction of urothelial carcinoma. 
Newer, voided urine assays [i.e. bladder tumor antigen 
(BTA-Stat, BTA-TRAK)], nuclear matrix protein (NMP- 
22), fibrin/fibrinogen degradation products (FDP) are 
being used for the detection and surveillance of urothelial 
carcinoma. These tests have high false-positive and false- 
negative rates. In the future, other newer assays based on 
telomerase and microsatellite analysis may prove to be a 
better detection method than urinary cytology. 
Chromosomal alterations have been associated 
with urothelial carcinoma. One encouraging test is a 
multitarget interphase fluorescence in situ hybridization 
(FISH) assay called UroVysion that consists of probes to 
the centromeres of chromosomes 3, 7, 17, and the 9p21 
region. Aneuploidy of chromosomes 3, 7, and 17 and 
deletion of chromosome 9 has been associated with high 
sensitivity and specificity to detect bladder cancer. Often, 
this is an anticipatory positive result with a positive finding 
preceding visual evidence of bladder tumor. However, at 
this time, no urinary assay has been shown to effectively 
replace cystoscopy for the detection of bladder tumors. 


Cytology 


A fresh voided specimen of urine may show exfoliated cells 
from both normal and neoplastic urothelium can readily 
be identified by Papanicolaou stain. Large quantities of 
cells can be obtained by gently irrigating the bladder with 
isotonic saline solution (to preserve cellular integrity) 
through a catheter or preferably by cystoscope. 

Examination of a voided urine or bladder-washing 
specimen for exfoliated cancer cells has high sensitivity 
in high-grade tumors but low sensitivity in low-grade 
tumors. It is thus useful when a high-grade malignancy or 
CIS is present; however, a negative result cannot exclude 
the presence of a low-grade cancer. Positive urinary 
cytology may indicate urothelial tumor anywhere in the 
urinary tract, from the calyx, through the ureters, into the 
bladder and proximal urethra. Cytological interpretation 
is user-dependent. The evaluation can be hampered 
by low cellular yield, urinary tract infections, stones or 
intravesical instillations. In experienced hands however 
the specificity exceeds 90%. Cytology should be performed 
on fresh urine with adequate fixation. Morning urine is not 
suitable as cytolysis may be often present.'*!” 


Flow Cytometry 


Flow cytometry (FCM) utilizes cellular material obtained 
from bladder washing or by mincing tissues to determine 
DNA ploidy of transitional cell tumors. Cell populations 
with hyperdiploid DNA content have been associated with 
the presence of malignant transitional cell tumors in 80% of 
cases. Flow cytometry is not widely available clinically.’°"” 


IMAGING FOR BLADDER CANCER 


Ultrasound 


Ultrasound scans can pick-up very small tumor in the 
bladder and the sensitivity and specificity of these imaging 
are superior to intravenous urogram (IVU). Ultrasound is 
cheap, easily available and nowadays can be conducted 
at the urologists office chamber. Ultrasound usually does 
not show any urothelial tumor affecting ureter or pelvis of 
kidney. Ultrasonography has been used with increasing 
frequency as the initial tool to assess the urinary tract 
(Flow chart 150.1). 

This is not only because it avoids the use of contrast 
agents, but also because sensitive transducers have 
improved imaging of the upper urinary tract and bladder. 
Transabdominal US permits characterization of renal 
masses, detection of hydronephrosis and visualization of 
intraluminal filling defects in the bladder. Combined with 
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Flow chart 150.1: Treatment guidelines in different situation of 
bladder cancer disease 


Bladder symptoms or hematuria malignancy suspected 


IVP cystoscopy urine cytology 
Bladder tumor 


Resection deep muscle biopsies 


Superficial tumor (CIS, Ta T1) 


Follow-up cystoscopy +/- 
intravesical, immuno-, 
or chemotherapy 


Muscle invasive tumor T2 - T4b 


Metastatic work-up 


Radical cystectomy 
with or without chemo 
radiation therapy 


Local therapy +/— chemotherapy 


plain abdominal film, it can be as accurate as IVU in the 
diagnosis of the cause of hematuria. 


Intravenous Urogram 


If CT urogram is not available an IVU should be obtained in 
all patients with hematuria, preferably before cystoscopy 
and in some case retrograde studies are needed to further 
delineate filling defects in the upper tracts. Ureteral 
obstruction or bladder displacement suggests an invasive 
tumor. In patients with iodine contrast sensitivity, bilateral 
retrograde pyelogram must be performed at the time of 
cystoscopy. Few patients with bladder tumors will have 
concurrent upper tract lesions; however, 1/3 of patients 
with upper tract tumors will have an associated bladder 
cancer. Large tumors may be seen as filling defects in 
the bladder. Intravenous urography is also used to detect 
filling defects in the calyces, renal pelvis and ureters, and 
hydronephrosis, which may indicate the presence of a 
ureteral tumor. The necessity to perform routine IVU once 
a bladder tumor has been detected is now questioned 
because of the low incidence of significant findings 
obtained with this method. The incidence of upper urinary 
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tract tumors is low (1.8%), but increases to 7.5% in tumors 
located in the trigone. The risk of tumor recurrence in the 
upper urinary tract during follow-up increases in multiple 
and high-risk tumors.!**! 


Computed Tomography and Urogram 


Currently in many centers, multi slice computed 
tomography or CT urography is used as an alternative to 
conventional IVU. Especially in invasive tumors of the 
upper tract, CT urography gives more information than 
IVU (level of evidence: 4). However, CT urography has 
the disadvantage of a much higher radiation exposure 
than IVU.” 

Computed tomography is useful in identifying intra- 
abdominal and pelviclymph node enlargements more than 
1.5 cm. A 40% false negative rate is related to metastases 
insufficient to cause enlargement of lymph nodes. Skinny 
needle biopsy confirmation of suspected nodes is usually 
necessary. CT primarily serves a role in staging large or 
bulky bladder tumors and in serving as a baseline to assess 
response to radiation or chemotherapy.” 


Magnetic Resonance Imaging 


Magnetic resonance imaging’s (MRI) ultimate value is 
still to be determined; however, its superior soft tissue 
definition may improve non-invasive staging, particularly 
with endorectal MRI. 


Urethrocystoscopy 


Cystoscopy is the definitive study to evaluate the bladder 
for tumors and must be performed to evaluate hematuria 
properly in the adult. Carefully inspect for sessile or 
papillary growths. A slightly raised, red, velvet-like patch 
of mucosa can indicate CIS. Attempt to view inside of 
diverticula if at all possible. The incidence of carcinoma in 
diverticula is approximately 2-3%. 

The diagnosis of bladder cancer ultimately depends on 
cystoscopic examination of the bladder and histological 
evaluation of the resected tissue. In general, cystoscopy is 
initially performed in the office, using flexible instruments. 
If a bladder tumor has been visualized in earlier imaging 
studies, a diagnostic cystoscopy can be omitted since 
the patient will undergo TURBT. A careful description of 
the finding is necessary. It should include the site, size, 
number and appearance (papillary or solid) of the tumors 
as well as a description of mucosal abnormalities. Use of a 
bladder diagram is recommended.”**° 
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Transurethral Resection of Bladder Tumors 


The goal of the TUR in TaT1 bladder tumors is to make 
the correct diagnosis and remove all visible lesions. The 
strategy of resection depends on the size of the lesion. 
Small tumors (less than 1 cm) can be resected en bloc, 
where the specimen contains the complete tumor plus a 
part of the underlying bladder wall. Some experts believe 
that a deep resection is not necessary in small apparently 
low-grade lesions with a previous history of TaG1 tumor. 

Larger tumors should be resected separately in 
fractions, which include the exophytic part of the tumor, the 
underlying bladder wall with the detrusor muscle and the 
edges of the resection area. The specimens from different 
fractions must be referred to the pathologist in separate 
containers to enable him to make a correct diagnosis, 
staging and grading. Cauterization has to be avoided as 
much as possible during the resection to prevent tissue 
destruction. A complete and correct TUR is the most 
essential part for correct planning of the treatment of the 
patient.*%?” 

When muscle invasion is suspected, the resection must 
include sufficient muscle to provide adequate pathologic 
staging. An overly aggressive resection may lead to 
bladder perforation, however, and possible regional or 
distant disease dissemination. Conversely, an inadequate 
resection will lead to tumor persistence and regrowth. 
As previously mentioned, recent studies highlight the 
possible importance of tumor implantation as a cause of 
tumor recurrence. 


Biopsy of the Bladder 


Biopsies should be obtained if a lesion is found while 
the patient is anesthetized by spinal, epidural or general 
anesthesia with good relaxation in order to have a 
satisfactory resection. Deep resection of the entire tumor 
with underlying muscle should be attempted using 
preferably sterile water. This will lyse free cells and thus 
helps in preventing implantation. 

Resection should be followed by biopsy from the floor 
of the resected area and should be sent for histological 
examination as a separate specimen in order to help 
in pathological staging. Superficial random cold cup 
biopsies from the anterior wall or dome, each lateral wall, 
the posterior wall, trigone, bladder neck and the prostatic 
urethra (in males), may be indicated in patients with 
abnormal looking bladder mucous membrane which may 
be consistent with CIS (Fig. 150.3). 

Biopsy of the tumor through endoscopic procedure 
will provide specimen to diagnose the type of cancer 
and the specimen from the floor of the resected area 


will provide the pathological staging of the tumor which 
will be represented by “p’, which stands for endoscopic 
staging. For example pT1G1 represent a patient with 
superficial bladder tumor where a TUR of bladder tumor 
was conducted and the specimen was examined by 
pathologists and found to have a low-grade tumor. 

Bladder tumors are often multifocal. Moreover TaT1 
tumors can be accompanied by CIS or dysplasia. These 
lesions may present themselves as velvet-like, reddish 
areas indistinguishable from inflammation or may be not 
visible at all. 

The biopsies from normal-looking mucosa in patients 
with Ta/T1 tumors, so called random biopsies (R-biopsies) 
or selected site mucosal biopsies, are not routinely 
recommended. The likelihood of detecting CIS, especially 
in low-risk tumors, is extremely low (less than 2%) and the 
choice of adjuvant intravesical therapy is not influenced by 
the biopsy result cold cup biopsies from normal-looking 
mucosa should be performed when cytology is positive or 
when exophytic tumor is of non-papillary appearance. 

When abnormal areas of urothelium are seen, it is 
advised to take ‘cold cup’ biopsies or biopsies with a 
resection loop. Material obtained by random or directed 
biopsies must be sent for pathological assessment in 
separate containers.”** 

The involvement of the prostatic urethra and ducts in 
male patients with TaT1 bladder tumors has been reported. 
Although the exact risk is not known, it seems to be higher 
if tumor is located on the trigone or bladder neck, in the 
presence of bladder CIS and in multiple tumors.**** In these 
cases and when cytologyis positive, with no evidence oftumor 
in the bladder, or when abnormalities of prostatic urethra are 
visible, biopsies of the prostatic urethra are recommended. 


Resection of tumor Complete resection Biopsy from the 


resected area 


Specimen number - 2 
p' staging of the tumor 


Specimen number - 1 
type of tumor grade of tumor 
Fig. 150.3: Principle of staging of bladder cancer. Note that speci- 
men number-1 will provide type of tumor and grade of the tumor 
where as specimen number 2 will provide p staging of the tumor 
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The biopsy is taken using resection loop from the 
precolicular area. Methylene blue instillation can help to 
locate early mucosal abnormalities and residual tissue in 
the floor of the resected area of bladder. Normal mucosa 
does not pick up the stain.”*** 


Fluorescence Cystoscopy 


As a standard procedure, cystoscopy and TUR are 
performed using white light. However, the use of white light 
may lead to missing lesions that are present but not visible. 
Fluorescence cystoscopy is performed using violet light 
after intravesical instillation of a photosensitizer, usually 
5-aminolevulinic acid (5-ALA) or hexaminolevulinate 
(HAL). It has been confirmed that fluorescence-guided 
biopsy and resection are more sensitive than conventional 
procedures in detecting malignant tumor, particularly CIS. 
However, false-positivity can be induced by inflammation 
and recent TUR or intravesical instillation.”** 

The benefit of fluorescence-guided TUR for recurrence- 
free survival was shown in several, small, randomized 
clinical trials, but its value remains to be proven in 
improving the outcome of patients for progression rates or 
survival. The additional costs of the equipment should be 
considered.”**8 


Bimanual Examination 


For years, the assessment of disease extent has been based on 
bimanual palpation of the bladder during anesthesia (Box 
150.14). By convention, the presence of palpable disease 
after complete TUR indicates muscle invasion, either within 
or through the bladder wall (Fig. 150.4). Unfortunately, most 
invasive cancers are located near the trigone or posterior 
bladder wall, which cannot reliably be palpated well even 
under anesthesia, so this crude and inexact technique leads 
to understaging in 50% of patients (Table 150.3). 


Restage Biopsy 


The significant risk of residual tumor after the initial TUR 
of TaT1 lesions has been demonstrated. Persistent disease 


Table 150.3: Clinical staging 
Bimanual palpartion after resection 


No palpation mass mi 


No mass but thickening 


T 
T4 


e Hard mass 


e Hard fixed mass 
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Box 150.7: Indication of restage biopsy of the bladder 


after resection of T1 tumors was observed in 33-53% of 
patients. Moreover, the tumor may be under staged by the 
initial resection. The likelihood that a TaT1, high-grade 
tumor has been under staged and is therefore muscle 
invasive is 10%. As the treatment of a TaT1, high-grade 
tumor and a T2 tumor is completely different, correct 
staging is important (Box 150.7).?°* 

A second TUR should be considered when the initial 
resection was incomplete, e.g. when multiple and/or 
large tumors are present, or when the pathologist has 
reported that the specimen contained no muscle tissue. 
Furthermore, a second TUR should be performed when a 
high-grade, non-muscle invasive tumor or a T1 tumor has 
been detected at the initial TUR. It has been demonstrated 
that a second TUR can increase recurrence-free survival. 
There is no consensus about the strategy and timing of a 
second TUR. Most authors recommend resection at 2-6 
weeks after the initial TUR. The procedure should include 
a resection of the primary tumor site.”**8 


Pathological Report 


Pathological investigation of the specimen obtained by 
TUR and biopsies is an essential step in the diagnosis, 
pathological staging and grading of bladder cancer. The 
pathological report should specify the diagnosis, grade of 
the lesion and the depth of tumor invasion into the bladder 
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T3 (Mobile palpable mass) 


T4 (Fixed palpable mass) 


Fig. 150.4: Significance of bimanual palpation after transurethral 
resection of bladder tumor 
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wall and should give information about whether the 
lamina propria and muscle are present in the specimen. 
Close co-operation between urologist and pathologist is 
mandatory for accurate diagnosis and treatment planning. 


Predicting Recurrence 


The classic way to categorize patients with TaT1 tumors 
is to divide them into risk groups based on prognostic 
factors derived from multivariate analyses. Using such a 
technique, it was proposed to divide patients into low-risk, 
intermediate-risk and high-risk groups.™* 

When using these risk groups, however, no difference 
is usually made between the risk of recurrence and 
progression. Although prognostic factors may indicate a 
high-risk for recurrence, the risk of progression may still 
be low and other tumors may have a high-risk of both 
recurrence and progression. 

In order to separately predict the short-term and 
long-term risks of both recurrence and progression 
in individual patients, the European Organization for 
Research and Treatment of Cancer (EORTC) developed a 
scoring system and risk tables. The basis for these tables 
is the EORTC database, which provided individual patient 
data for 2,596 patients diagnosed with TaT1 tumors who 
were randomized in seven EORTC trials.’ 

Patients with CIS only were not included. Seventy 
eight percent received intravesical treatment, mostly 
chemotherapy. They did not however have a second TUR 
or receive maintenance BCG. The scoring system is based 
on the six most significant clinical and pathological factors: 
e Number of tumors 
e Tumor size 
e Prior recurrence rate 
e T category 
e Presence of concomitant CIS 
e Tumor grade 


Intravesical Chemotherapy 


Immediate, Postoperative Single Dose Intravesical 
Instillation of Chemotherapy 


Although a state-of-the-art TUR by itself could eradicate a 
TaT1 tumor completely, these tumors will recur in a high 
percentage ofcases and progress to muscle invasive bladder 
cancer in a limited number of cases. The high variability 
in the 3-month recurrence rate indicates that TUR is 
incomplete or provokes recurrences in a considerable 
percentage of patients. It is therefore necessary to consider 
adjuvant therapy in all patients. 


In a meta-analysis of seven randomized trials, one 
immediate instillation of chemotherapy after TUR 
decreased the percentage of patients with recurrence by 
12% (from 48.4% to 36.7%) and the odds of recurrence 
by 39%. The benefit was confirmed in both single and 
multiple tumors.*® 

The difference of 12% means that in every 100 patients, 
12 TURs may be avoided with one postoperative instillation. 
Since the costs of a TUR, anesthesia and hospitalization in 
most countries exceed the cost of one instillation, and as 
such the procedure is considered to be cost-effective. 

The effect can be explained by the destruction of 
circulating tumor cells, immediately after TUR, or as an 
ablative effect (chemoresection) of residual tumor cells at 
the resection site. The timing of the instillation is crucial. 
In all studies, the instillation was administered within 
24 hours. One study reported that if the first instillation 
was not given the same day as TUR, there was a two-fold 
increase in the relative risk of recurrence. There is no 
single drug that is superior with regards to efficacy. 
Mitomycin C, epirubicin and doxorubicin have all shown 
a beneficial effect.*°** 

One immediate postoperative instillation of 
chemotherapy should be given in all patients after TUR of 
presumably non-muscle invasive bladder cancer. Severe 
complications have been reported in patients in whom 
extravasation of the drug occurred. Thus, an immediate 
instillation should be omitted in case of overt or suspected 
intra- or extra-peritoneal perforation, which is most likely 
to appear in extensive TUR procedures.**** 

Clear instructions should be given to the nursing staff 
for controlling the free flow of the bladder catheter at the 
end of the instillation (Box 150.8). 


Treatment of Bladder Cancer 


The following is a general guideline to the management 
of transitional cell tumors of the bladder. Treatment of 
bladder cancer options must be carefully individualized. 
The complete management and prognosis will depend 
on stage and grade of the disease, size and number of 
lesions, recurrence and the presence of carcinoma in situ 
(Box 150.9). 


Clinical Staging of Tumor 


The International Union Against Cancer and the AJCC 
staging developed the TNM staging system, which is used 
to stage bladder cancer. 

Ta and T1 tumors and CIS were once considered 
superficial bladder tumors, currently called as non-muscle 
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Box 150.8: Investigation of bladder tumor 


Lab test 
+ Tumor marker, bladder tumor antigen 
Cytology 
+ Flow cytometry 
Imaging 
Ultrasound of urinary tract 


Intravenous urogram, X-ray chest 
Computed tomography scan 
+ Magnetic resonance imaging (endorectal) 
+ Bone scan 


Fig. 150.5: Rigid cystoscope with cold biopsy forceps 


Endoscopic Assessment 
+ Cystoscopy and resection of bladder tumor 
Clinical staging 
Pathological diagnosis, staging and grading 


invasive bladder cancer (NMIBC). T2, T3, and T4 tumors 
were traditionally described as invasive bladder cancer. 

Urothelial carcinoma is histologically graded as 
low-grade (former grade 1) or high-grade (former grade II 
and III). Carcinoma in situ is characterized by full mucosal 
thickness and high-grade dysplasia of the bladder J 
epithelium and is associated with a poorer prognosis Fig. 150.6: Flexible cystourethroscope 
(Boxes 150.8 and 150.10). 

Staging of the bladder tumor usually done by biopsy 
with TUR of bladder tumor, bimanual examination of 
the bladder after complete resection of the tumor, pelvic 
ultrasound, CT of abdominal organ, and bone scan. 

Biopsy of the tumor through endoscopic procedure 
will provide specimen to diagnose the type of cancer 
and the specimen from the floor of the resected area 
will provide the pathological staging of the tumor which 
will be represented by “p’, which stands for endoscopic 
staging. For example pT1G1 represent a patient with TCC 
where a TUR of bladder tumor was conducted and the 
specimen was examined by pathologists and found to have 
non-muscle invasive bladder cancer (T1) and low-grade 
tumor (G1) (Fig. 150.5 to 150.11). 


Box 150.9: Carcinoma in situ 


Highly malignant disease 
Intraepithelial neoplasia Fig. 150.7: Cystoscopic view of a patient with multiple bladder 
Presentation—lower urinary tract symptoms and features of cancer 
cystitis 


Rapidly shades in urine 
Cystoscopic appearance—cystitis : : ; 
Biopsy negative for malignant disease radical operation will allow the pathologists to give a final 


Urine cytology is usually positive and confirmatory staging indicated by “P” For example PT2G3 indicate a 
May exist with transitional cell carcinoma and bears a very patient with muscle invasive bladder cancer under went a 
bad prognosis radical cystectomy and bears high-grade (Box 150.11). 


Examination of the whole specimen removed after 
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Fig. 150.11: Large TCC bladder solid growth proven to be 
squmous cell carcinoma 


Box 150.10: Pathological assessment of bladder tumor 
specimen following radical cystectomy 


Fig. 150.8: Close-up view of TCC bladder Mandatory evaluations 
+ Depth of invasion (categories pT2 vs pT3a, pT3b or pT4) 


Margins with special attention paid to the radial margin 


Histological subtype, if it has clinical implications 
Extensive lymph node representation (more than eight) 


Optional evaluations 
+ Bladder wall blood vessel invasion 
e Pattern of muscle invasion 


More than 70% of all newly diagnosed bladder cancers 
are non-muscle invasive, approximately 50-70% are Ta, 
20-30% are T1, and 10% are CIS. Approximately, 5% of 
Fig. 150.9: Resectoscope patients present with metastatic disease. The metastasis 
commonly involves the lymph nodes, lung, liver, bone, and 
central nervous system. Approximately 25% of affected 
patients have muscle-invasive disease at diagnosis. In 
Asian countries most of the hospital referrals for bladder 
cancer have a muscle invasive disease. Awareness of the 
primary care physician about aggressiveness of bladder 
cancer and early hospital referral may change the scenario 
(Boxes 150.11 to 150.13). 

Clinically, stage a patient who has muscle-invasive 
disease with CT scanning of the abdomen and pelvis, 
chest radiography, and serum chemistries. If the patient 


Box 150.11: Clinical staging 


Imaging with ultrasound CT scan, MRI scan 
X-ray chest and bone scan 


Bimanual palpation after transurethral resection of 
bladder tumors 

(No thickening—-superficial tumor 

Tumor mass palpable-invasive tumor) 


Fig. 150.10: Urothelial carcinoma 
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Box 150.12: Pathological small ‘p’ staging 


Box 150.13: Pathological capital ‘P’ staging 


is asymptomatic with normal calcium and alkaline 
phosphatase levels, a bone scan is unnecessary. 

As many as 50% of patients with muscle-invasive 
bladder cancer may have occult metastases that become 
clinically apparent within 5 years of initial diagnosis Most 
patients with overt metastatic disease die within 2 years 
despite chemotherapy. 

Approximately, 25-30% of patients with only limited 
regional lymph node metastasis discovered during 
cystectomy and pelvic lymph node dissection may survive 
beyond 5 years. 


WHO/ISUP Grading 


The use of 2004 WHO classification is advocated, as this 
should result in a uniform diagnosis of tumors, which is 
better classified according to risk potential. However, until 
the 2004 WHO classification has been validated by more 
clinical trials, tumors should be graded using both the 
1973 and the 2004 WHO classifications. 

The majority of clinical trials published so far on TaT1 
bladder tumors have been performed using the 1973 WHO 
classification, and therefore the following guidelines are 
based on the 1973 WHO grade classification. 


Treatment of Superficial Bladder Cancer 


Superficial bladder cancer is traditionally treated by TUR. 
This procedure is mandatory for pathological staging, 
which is required for planning the future treatment. In fact 
this TUR of bladder neoplasm, bimanual palpation before 
and after the procedure, biopsy of the tumor and biopsy 
from the floor of the resected area will determine whether 
the tumor is superficial or muscle invasive. 


Box 150.14: Staging of bladder cancer with bimanual palpation 
of bladder following TURBT 


Uro-oncology 


Carcinoma in situ, despite its superficial location, has 
consistently demonstrated its more aggressive behavior 
with 50-75% of cases progressing to more advanced 
disease, often skipping directly to dissemination. Radical 
cystectomy was the therapy of choice until recent studies 
demonstrated favorable response rates using intravesical 
BCG or Mitomycin C chemotherapy. Failure to respond to 
intravesical therapy requires that radical cystectomy may 
be considered (Box 150.15). 

Stage A (invasion of lamina propria) recurrence in 
75% and progression in 25%. Tumor recurrence can be 
managed with repeat TUR and prophylactic intravesical 
chemotherapy. 


Intravesical Chemotherapy 


Single Dose Immediate, Postoperative Intravesical 
Instillation of Chemotherapy 


Superficial bladder carcinoma includes a diverse group of 
lesions, ranging from Ta grade I to T1 grade III tumors and 
low-grade papillary TCC to high-grade flat CIS. Although 
it is crucial to distinguish the small group of lesions that 
carry a serious risk of progression to life-threatening 
muscle invasion, the vast majority of superficial tumors 
rarely progress. Rather, they have a significant tendency to 
recur at multiple sites throughout the urothelium.** 

Although a state-of-the-art TUR by itself could 
eradicate a TaT1 tumor completely, these tumors will 
recur in a high percentage of cases and progress to muscle 
invasive bladder cancer in a limited number of cases. The 
high variability in the 3-month recurrence rate indicates 
that TUR is incomplete or provokes recurrences in a 
considerable percentage of patients.*°° 

It is therefore necessary to consider adjuvant therapy 
in all patients. In a meta-analysis of seven randomized 
trials (1,476 patients with a median follow-up of 3.4 years), 
one immediate instillation of chemotherapy after TUR 
decreased the percentage of patients with recurrence by 


Box 150.15: Treatment options for superficial bladder cancer 
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12% (from 48.4% to 36.7%) and the odds of recurrence 
by 39%. The benefit was confirmed in both single and 
multiple tumors.?™* 

Immediately after TUR or as an ablative effect 
(chemoresection) of residual tumor cells at the resection 
site, the timing of the instillation is crucial. In all studies, 
the instillation was administered within 24 hours. 

One study reported that if the first instillation was not 
given the same day as TUR, there was a twofold increase in 
the relative risk of recurrence. There is no single drug that is 
superior with regards to efficacy. Mitomycin C, epirubicin 
and doxorubicin have all shown a beneficial effect. One 
immediate postoperative instillation of chemotherapy 
should be given in all patients after TUR of presumably 
non-muscle invasive bladder cancer.**° 

Severe complications have been reported in patients 
in whom extravasation of the drug occurred. Thus, an 
immediate instillation should be omitted in case of overt 
or suspected intra- or extra-peritoneal perforation, which 
is most likely to appear in extensive TUR procedures. 
Clear instructions should be given to the nursing staff for 
controlling the free flow of the bladder catheter at the end 
of the instillation.” 


Adjuvant Intravesical Chemotherapy Instillations 


In patients with a low-risk of tumor recurrence, a single 
immediate instillation reduces the risk of recurrence and 
may be considered to be the standard treatment in these 
patients. No further treatment should be given in these 
patients prior to a subsequent recurrence. 

From a systematic review of the literature of 
randomized clinical trials, which compared different 
schedules of intravesical chemotherapy instillations, one 
could only conclude that the ideal duration and intensity 
of the schedule remains undefined because of conflicting 
data. 


Intravesical Immunotherapy (Bacillus 
Calmette-Guérin Immunotherapy) 


Bacillus Calmette-Guérin immunotherapy is used in the 
treatment of Ta, T1, and CIS urothelial carcinoma of the 
bladder and may help to decrease the rate of recurrence 
and progression. The use of BCG will not alter the natural 
course of the disease in tumors at low-risk of recurrence 
and progression and may be considered to be over- 
treatment for this category.*°* 


Indications for Bacillus Calmette-Guérin 


Although BCG is a very effective treatment, consensus 
exists that not all patients with non-muscle invasive 
bladder cancer should be treated with BCG due to the risk 
of toxicity. Most important indication of the intravesical 
installation of BCG is high-grade non-muscle invasive TCC 
refractory to intravesical chemotherapy (Box 150.16) .“° 


Mechanism of Action of BCG in Bladder Cancer 


Bacillus Calmette-Guérin immunotherapy is the 
most effective intravesical therapy and involves a live 
attenuated strain of Mycobacterium bovis. Some early 
studies purported that an immune response against BCG 
surface antigens cross-reacted with putative bladder 
tumor antigens, and this was proposed as the mechanism 
for the therapeutic effect of BCG; however, multiple 
subsequent studies refute this claim and demonstrate that 
BCG induces a nonspecific, cytokine-mediated immune 
response to foreign protein.*** 


Complications Related to BCG Therapy 


Because BCG is a live attenuated organism, it can cause 
an acute disseminated tuberculosis like illness if it enters 
the bloodstream (BCG sepsis), possibly resulting in 
death. BCG typically causes mild systemic symptoms that 
resolve within 24-48 hours after intravesical instillation. 
BCG can also cause granulomatous cystitis or prostatitis 
with bladder contraction. BCG is recommended for 
CIS, T1 tumors, and high-risk Ta tumors (large, high- 
grade, recurrent, or multifocal tumors). This therapy 


Box 150.16: Indications and contraindications of bacillus 
Calmette-Guérin therapy 
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Box 150.17: Complication of Bacillus Calmette-Guérin therapy 


is less effective in reducing the 5-year recurrence rate 
for low-grade and low-stage urothelial carcinoma (Box 
150.17). 


Dose of Schedule of Bacillus Calmette-Guérin 


Typically, BCG is administered weekly for 6 weeks. Another 
6-week course may be administered if a repeat cystoscopy 
reveals tumor persistence or recurrence. Recent evidence 
indicates that maintenance therapy with a weekly 
treatment for 3 weeks every 6 months for 1-3 years may 
provide more lasting results.“°™* 


Bacillus Calmette-Guérin Toxicity 


Due to the more pronounced side-effects of BCG compared 
to intravesical chemotherapy, reluctance still exists about 
BCG use. Deaths due to BCG sepsis and the high frequency 
of BCG-induced cystitis have compromised the use of 
BCG. However, with increased experience in applying 
BCG, the side-effects now appear to be less prominent. 
Serious side-effects are encountered in less than 5% of 
patients and can be effectively treated in virtually all cases. 


Contraindication to Bacillus Calmette-Guérin 


Bacillus Calmette-Guerin is specifically contraindicated in 
low-grade TCC and muscle invasive TCC of bladder. 


Evidence of Failure of Intravesical Bacillus 
Calmette-Guérin Immunotherapy 


Treatment with BCG is considered to have failed in 
following situations: 
e Whenever muscle invasive tumor is detected during 
follow-up. 
e Ifhigh-grade, non-muscle invasive tumor is present at 
both 3 and 6 months. 
e Any worsening of the disease under BCG treatment, 
such as a 
— Higher number of recurrences 
— Higher T or higher grade or 
— Appearance of CIS, in spite of an initial response 
(Box 150.18). 
Patients with a later recurrence after completion of 
BCG therapy can be treated according to the risk because 


Box 150.18: Failure of bacillus Calmette-Guérin therapy 


of the high-risk of development of muscle invasive tumor 
in these patients immediate cystectomy is strongly 
advocated upon BCG failure.**™ 


Intravesical Interferon Alpha 


Interferon alpha or gamma has been used in the treatment 
of stages Ta, T1 and CIS urothelial carcinoma, either as 
a single agent therapy or in combination with BCG. Its 
role has primarily been in post-BCG failure with early 
promising results. Although BCG with interferon has 
shown a 42% response with tolerable side effects after BCG 
failure, no evidence has indicated that re-treating with 
BCG with interferon is superior to re-treating with BCG 
alone (Box 150.19).5-57 

Due to above fact most authorities consider it is 
reasonable to propose immediate cystectomy to those 
patients with non-muscle invasive tumor who are at high- 
risk of progression. Delaying cystectomy in these patients 
may lead to decreased disease-specific survival.°**” 


Laser Photocoagulation 


Photocoagulation of superficial TCC is possible with 
laser beam through rigid or flexi cystoscope as a day care 
basis. This procedure is good for follow-up cystoscopy and 
control of recurrent small tumor. Before laser application 
a dose of hematoporphyrin is given to the patient. 
Hematoporphyrin is absorbed by tumor tissues and make 
the tumor photosensitive. If laser is applied now through 
cystoscope, these sensitized tissues absorb laser and 
become necrosed. 


Box 150.19: Indication of immediate cystectomy in non-muscle 
invasive bladder cancer 
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Postoperative Care 


It is usually possible to obtain good homeostasis following 
resection of small bladder tumors, and if a catheter is 
required it can be removed the next day. After large or deep 
resections, or if there has been extravasation, a three-way 
size 20 Foley catheter should be passed and remain for 
3-7 days. Irrigation with saline should continue for 24-48 
hours according to the amount of hematuria. 


Follow-up of Patients Non-muscle Invasive 
Transitional Cell Carcinoma Bladder (Box 150.21) 


The purpose of follow-up is to diagnose any recurrent 

tumors while still readily treatable by endoscopic means. 

The frequency of follow-up is usually based on the grade 

of tumor. All patients have their first check cystoscopy at 

3 months. Following the first cystoscopy at 3 months the 

frequency of cystoscopies should be selected according to 

the individual patient’s degree of risk. 

The objectives of the follow-up program are: 

e The prompt detection of muscle invasive and high- 
grade non-muscle invasive recurrences is critical since a 
delay in diagnosis and therapy threatens a patient’s life. 

e Tumor recurrence in the low-risk group is nearly 
always low stage and low-grade. Small, non-invasive 
(Ta), low-grade papillary recurrences do not present 
an immediate danger to the patient and their early 
detection is not essential for successful therapy. 

e The result of the first cystoscopy after TUR at 3 months 
is a very important prognostic factor for recurrence 
and for progression. The first cystoscopy should thus 
always be performed 3 months after TUR in all patients 
with TaT1 bladder tumor. 


Low-risk Group 


Patients with tumors at low-risk of recurrence and 
progression should have a cystoscopy at 3 months. If 
negative, the following cystoscopy is advised at 9 months 
and consequently yearly for 5 years (Box 150.20). 


Box 150.20: Low-risk group of non-muscle invasive transitional 
cell carcinoma bladder 


High-risk, Non-muscle-invasive Bladder Cancer 


High-risk, non-muscle-invasive bladder cancer is defined 
as any transitional cell carcinoma (TCC) of the bladder that 
is high-grade, whether it is primary or recurrent. This high- 
risk group includes patients with high-grade papillary stage 
Ta or T1 tumors and any patient with carcinoma in situ 
(CIS), and makes up 15-44% of patients with non-muscle- 
invasive cancer in some series (Box 150.21).*°° 

The probability of progression to muscle-invasive 
cancer within 5 years of diagnosis is highest for this group 
of patients, and ranges from 25 to 50%.*°° 

Accurate staging, which is imperative for proper 
treatment planning, is particularly important in 
patients with a primary stage T1, high grade or grade 3 
(T1G3) tumor. Consideration should be given to asking 
a referee pathologist to review the specimen, as there 
is significant variability in the accuracy of assigning 
clinical stage and grade. 

Up to 40% of patients who undergo radical cystectomy 
are understaged; this would lead to inappropriate therapy 
if a T2 tumor were misidentified as a T1 tumor. Therefore, 
re-resection of the bed of a T1G3 tumor within 4-6 weeks 
of the initial transurethral resection of bladder tumor is 
essential for accurate staging. Detrusor-muscle tissue 
should be included in the specimen to ensure accurate 
stage determination. Muscle bundles in the lamina 
propria, the muscularis mucosae, can be misinterpreted as 
muscle invasion. If persistent T1G3 tumor is found, serious 
consideration should be given to radical cystectomy. 

The presence of lymphatic or vascular invasion, if 
confirmed by a referee genitourinary pathologist, should 
also prompt consideration of radical cystectomy. Other 
indications for radical cystectomy are micropapillary 
disease (a particularly aggressive variant of TCC), primary 
adenocarcinoma, and squamous cell carcinoma—none of 
which are considered responsive to intravesical therapy. 
The combination of CIS with T1G3 cancer is associated 
with a higher risk of progression. 

Upper-tract evaluation is also important in the initial 
staging work-up. Hydronephrosis on the same side as the 
tumor is highly significant, in that it implies a muscle- 
invasive cancer. 

Upper-tract evaluation should be continued annually 
for the life of the patient, as there is a 20-25% incidence 
of upper-tract tumors 10 years after diagnosis of high- 
risk disease.” 

The safest approach is to proceed with Radical 
Cystectomy, to avoid the risk of subsequent progression to 
muscle-invasive cancer, which is associated with a lower 
probability of survival.*!? 
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Box 150.21: Medium and high-risk group of non-muscle invasive 
transitional cell carcinoma bladder 


An alternative approach may be used with BCG in 
combination with interferon. Two phase II studies and 
a large, three-arm, comparative trial led by O’Donnell 
clearly demonstrate that some patients can achieve a 
durable complete response with this regimen.** But 
the majority patients who did not show response to this 
salvage combination immunotherapy should be advised to 
undergo cystectomy. Gemcitabine, an active agent for the 
treatment of metastatic TCC, has shown activity in several 
phase II trials of intravesical therapy, and will be evaluated 
in patients who have failed at least one course of BCG ina 
SWOG trial. Mitomycin, combined with hyperthermia, has 
shown significant activity in intermediate-risk and high- 
risk patients, including those who have failed BCG.**° 

In view of above radical Cystectomy can be the 
first treatment of choice for young, otherwise healthy 
patients with high-grade Tl disease. BCG can only 
delay the progression but do not cure the TCC bladder. 
Possible indications for radical cystectomy may include 
multifocal disease, involvement of the lamina propria, 
and associated CIS. The 5-year disease-free survival rate 
with radical cystectomy is approximately 85% for patients 
with pathologic node-negative T1 tumors, and 95% for 
pathologic stage pTO, pTa or pTis tumors, making radical 
cystectomy an excellent initial treatment for selected high- 
risk patient with TCC urinary bladder.*°*” 


Preemptive Radical Cystectomy 


The treatment of aggressive superficial TCC of the bladder 
remains controversial. In fact, although still classified 
as ‘superficial; it has been shown that the biological 
characteristics of T1G3 bladder tumors are the same as 
those of the muscle-invasive group (T2 and above). Even 
with close monitoring and intensive intravesical therapy, 
the reported risk of muscle invasion in these patients is 
53% and 1/3 die from this disease in the long-term. 


Delaying radical cystectomy for aggressive superficial 
bladder tumors leads to a worse progression-free survival; 
the overall survival is likely to be due also to an early lymph 
node dissemination, which occurs extending the timing 
between diagnosis and radical treatment.*°°” 


Management of Muscle-invasive Disease 
(T2 and Greater) 


Radical cystectomy is regarded as the standard approach 
to the treatment of invasive bladder cancer world wide. 
This involves the removal of regional pelvic lymph nodes 
followed by an en-bloc resection of the bladder, prostate, 
and seminal vesicles in men or, in women, an anterior 
exenteration in which the bladder is removed along with 
the ovaries, uterus, urethra, and a segment of the anterior 
wall of the vagina. The mortality rate is under 5% in 
modern series, with the expectation of local control in the 
pelvis of over 90%. 

The major determinant of outcome is the presence 
or absence of lymph node or occult distant metastasis at 
the time of surgery. It is important to emphasize that the 
prognosis of the patients with invasive bladder cancer has 
significantly improved from the classic results reported 30 
years ago. 

Extended PLND includes the lymph nodes in the 
presacral region and those surrounding the common iliac 
vessels to the level of the aortic bifurcation. The additional 
benefit of an extended PLND is controversial. Based 
on several retrospective studies, some experts believe 
that an extended dissection provides additional staging 
information and offers a survival benefit. However, no 
randomized trials to date have proven that an extended 
PLND is more beneficial than a standard PLND (Figs 
150.12 and 150.13). 


RADICAL CYSTOPROSTATECTOMY (MEN) 


In men, this is the criterion standard for organ-confined, 
muscle-invasive bladder cancer (e.g. T2, T3). Remove 
the bladder, prostate, and pelvic lymph nodes. Perform 
a total urethrectomy for anterior urethral involvement, 
involvement of the prostatic stroma or diffuse CIS that 
involves the prostate. 


ANTERIOR PELVIC EXENTERATION (WOMEN) 


Perform this procedure in women diagnosed with muscle- 
invasive bladder cancer. The procedure involves removal 
of the bladder, urethra, uterus, ovaries, anterior vaginal 
wall, and pelvic lymph nodes. If no tumor involvement 


Chapter 150 Bladder Cancer 1007 


of the bladder neck is present, the urethra and anterior 
vaginal wall may be spared with the construction of an 
orthotopic neobladder. 


Pelvic lymphadenectomy 


Approximately, 25% of patients undergoing radical 
cystectomy have lymph node metastases at the time of 
surgery. pelvic lymph node dissection (PLND) should be 
performed in conjunction with radical cystoprostatectomy 
and anterior pelvic exenteration. PLND adds prognostic 
information by appropriately staging the patient and may 
confer a therapeutic benefit. The boundaries of a standard 
PLND include the bifurcation of the common iliac artery 
and vein superiorly, the genitofemoral nerve laterally, the 
obturator fossa posteriorly, and the circumflex iliac vein 


Figs 150.13A to C: The boundaries of a standard PLND include the bifurcation of the common iliac artery and vein superiorly, the 
genitofemoral nerve laterally, the obturator fossa posteriorly, and the circumflex iliac vein (or node of Cloquet) inferiorly. 
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Box 150.22: Recommendations for radical cystectomy 
by EAU 2009 


(or node of Cloquet) inferiorly (Figs 150.12 and 150.13) 
(Box 150.22). 

Extended PLND includes the lymph nodes in the 
presacral region and those surrounding the common iliac 
vessels to the level of the aortic bifurcation. The additional 
benefit of an extended PLND is controversial. Based 
on several retrospective studies, some experts believe 
that an extended dissection provides additional staging 
information and offers a survival benefit. However, no 
randomized trials to date have proven that an extended 
PLND is more beneficial than a standard PLND (Fig. 
150.11). 


URINARY DIVERSIONS 


One of the true advances in the treatment of patients 
with bladder cancer has been the development of 
improved methods of urinary diversion. Undoubtedly, 
this has resulted in enhanced quality of life for patients. 
Pawlik is generally credited with the first urinary 
diversion procedure in 1889, when he implanted the 
ureter into the vagina of awoman who survived 16 years 
after the procedure. 

The ileal conduit form was popularized by Bricker in the 
early 1950s and rapidly became the classic, standard form 
of supravesical incontinent verity of urinary diversion. It 
provided a relatively safe, long-term form of diversion in 
which the urine constantly drained through a conduit of 
ileum leading to the skin and into a bag. 

New techniques for performing urinary diversion have 
been developed over the past 15 years: 

(a) Formation of a urinary reservoir made of small 
bowel, which drains to a stoma that can be catheterized; 
or (b) creation of an orthotopic bladder (neobladder) in 
which a newly formed urinary reservoir made of bowel is 


anastomosed to the urethra, which permits the patient to 
void in a relatively normal fashion (Figs 150.14 and 150.15). 

These two approaches are used in selected patients 
for whom quality-of-life considerations are critical and 
the increased operative time will not increase morbidity 
or operative mortality. The neobladder can actually 
be constructed out of small or large bowel or some 
combination of the two. It functions as a very rough 
equivalent to the patient’s normal bladder. 


Fig. 150.15: Bag, wafer and stoma of ileal conduit 
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Addition of these new forms of urinary diversion to 
the surgical armamentarium has dramatically altered 
the functional and psychological aspects of urinary 
diversion. Recent attempts at preserving sexual function 
in men by sparing the nerves controlling erectile function 
at the time of cystectomy have not been evaluated in a 
prospective fashion. 


Ileal Conduit (Incontinent Diversion) 


The ileal conduit is the most common incontinent 
diversion performed and has been used for more than 
40 years with excellent reliability and minimal morbidity. 
A small segment of ileum (at least 15 cm proximal to the 
ileocecal valve) is taken out of gastrointestinal continuity 
but maintained on its mesentery, with care to preserve 
its blood supply (Fig. 150.16). The gastrointestinal tract 
is restored with a small-bowel anastomosis. The ureters 
are anastomosed to an end or side of this intestinal 
segment and the other end is brought out as a stoma to the 
abdominal wall. Urine continuously collects in an external 
collection device worn over the stoma. 


Indiana Pouch (Continent Diversion) 


This is a continent urinary reservoir created from a 
detubularized right colon and an efferent limb of terminal 


Fig. 150.16: The mesenteric vessels are visualized by inspecting 
the mesentery against the light. The window is created and the 
mesenteric vessels are secured by the use of harmonic shears in 
order to isolate the segment of small intestine for the use of a 
conduit or orthotopic bladder. The procedure is fast and does not 
require any ligature of the mesenteric vessel 


ileum. The terminal ileum is plicated and brought to the 
abdominal wall. The ileocecal valve acts as a continence 
mechanism. The Indiana pouch is emptied with a clean 
intermittent catheterization 4-6 times per day. 


NEOBLADDER 


Various segments of intestine including ileum, ileum 
and colon, and sigmoid colon can be used to construct a 
reservoir. The ureters are implanted to the reservoir, and 
the reservoir is anastomosed to the urethra (Fig. 150.17). 
This operation has been performed successfully in men for 
more than 20 years and, more recently, in women. 

The orthotopic neobladder most closely restores the 
natural storage and voiding function of the native bladder. 
Patients have volitional control of urination and void 
by Valsalva. Contraindications to performing continent 
urinary diversions include multiple comorbid health 
problems, chronic renal insufficiency, hepatic dysfunction, 
and advanced disease stage (Figs 150.18 to 150.25). 


Laparoscopic and Robotic Surgery for the 
Bladder Cancer 


Recently, laparoscopic and _ robotic-assisted radical 


cystectomies have been performed in small numbers at 
select tertiary academic centers. The urinary diversion is 
almost universally performed extracorporeally through a 
miniature laparotomy incision immediate postoperative 
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Fig. 150.17: The anastomosis of small intestine is performed by 
single layer extramucosal interrupted suture with 5/0 monocryl or 
vicryl 
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Fig. 150.18: Construction of the orthotopic bladder with about 
40 cm ileum is on progress 


Fig. 150.19: Construction of the orthotopic bladder with about 
40 cm ileum is almost completed 


complication rates and functional outcomes appear to be 
similar to those of open radical cystectomy and urinary 
diversion. In addition, a few studies suggest faster recovery 
of bowel function and less use of postoperative narcotics. 
Intermediate and long-term oncologic outcomes for these 
minimally invasive approaches remain undefined. At 
this time, open radical cystectomy and urinary diversion 
should be considered the standard of care for invasive 
bladder cancer, and patients should be counseled to 
this end. Both laparoscopic and robotic-assisted radical 
cystectomy remain investigative procedures that should 
be performed only at major academic medical centers 
after appropriate informed consent. 
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Fig. 150.20: The apex of the tip of the newly constructed 
bladder is clearly shown before it is anastomosed with urethra 


Fig. 150.21: The orthotopic bladder is already anastomosed with 
the urethra 


n The 


External beam radiation therapy has been shown to 
be inferior to radical cystectomy for the treatment of 
bladder cancer. The overall 5-year survival rate after 
treatment with external beam radiation is 20-40% 
compared to a 90% 5-year survival after cystectomy for 
organ-confined disease. 

Although inferior to radical cystectomy, EBRT is used 
in various countries other than the United States for T2-T3 
urothelial carcinoma of the bladder. Neoadjuvant EBRT 
has been attempted for muscle-invasive bladder cancer, 
with no improvement in survival rate. 
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Fig. 150.22: CT urogram showing a large filling defect in the 
right wall if the bladder occupying almost half of the bladder 


bal. Mins 
Fig. 150.23: The neobladder can also be created with 
stapling device. Currently, the neobladders are created with 
endogastrointestinal staples following the laparoscopic assisted 
or robotic-assisted radical cystectomy 


In certain facilities, a bladder-preserving strategy for 
T2-T3 urothelial carcinoma is applied using a combination 
of external beam radiation, chemotherapy, and endoscopic 
resection. Survival rates associated with this approach are 
comparable with those of cystectomy in selected patients. 
This combination has a widespread application that is 
limited by the complexity of the protocol, its toxicity, 
and a high mortality rate. The mortality rate in the two 


Fig. 150.24: The neobladder in the process of joining with the 
urethra 
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Fig. 150.25: Following the anastomosis of the neobladder the 
bladder is distended with 200 ml of normal saline to check any leak 


largest US series with the longest follow-up study is 
4-5%. In comparison, the mortality rate for most modern 
cystectomy series is 1-2%. 

In addition, a significant number of patients ultimately 
require salvage cystectomy, which is associated with 
significantly increased morbidity and decreased options 
for urinary diversions. In some series, local recurrence of 
bladder cancer is as high as 50-60% despite the completion 
of bladder-preserving therapy. 


The rationale behind combining chemotherapy with 
radiation therapy is two-fold. First, certain cytotoxic 
agents, in particular cisplatin and 5-fluorouracil (5-FU), 
are capable of sensitizing tumor tissue to radiation, thus 
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increasing cell kill in a synergistic fashion. This action 
enhances both primary tumor control and prospects 
for bladder preservation. Second, patients with muscle- 
invading TCC harbor occult metastases in approximately 
50% of cases. Thus, treatment of the primary tumor with 
radical resection or radiation alone ignores the systemic 
nature of the disease. Chemotherapy, either in an adjuvant 
or neoadjuvant fashion, addresses this concern early in 
treatment. 


Bladder Preservation 


Proper patient selection is crucial for a successful partial 
or segmental cystectomy. An informed consent is essential 
before the procedure. Review of the literature reveals that 
partial cystectomy was considered to be suitable only 
for 5.8-18.9% of patients with localized invasive bladder 
cancers. The indications for allowing partial cystectomy 
are solitary, primary, muscle-invasive cancers that are 
located in a suitable region of the bladder that allows for 
complete excision with a 2 cm tumor-free margin. 

There should be no associated atypia or CIS in the 
remaining bladder urothelium, proven by biopsy. Patients 
with tumor near the bladder neck or trigone in whom 
ureteral reimplantation would be required to achieve an 
adequate surgical margin are generally not considered 
to be good candidates and the long-term survival of the 
patients is undetermined.®! 


Adjuvant Chemotherapy 


Despite low rates of pelvic recurrence following radical 
cystectomy, 5-year survival rates for T2-4 disease are only 
in the range of 40-60%. Most of the subsequent deaths 
arise from metastatic disease unrecognized at surgery. The 
risk of metastatic death is particularly high for those who 
prove to have pT3b-4 or node-positive disease. 

Use of chemotherapy following radical cystectomy 
has been studied for this subset of patients in particular. 
Studies strongly suggest an advantage regarding freedom 
from relapse with the use of adjuvant chemotherapy 
in high-risk subsets of patients with invasive bladder 
cancer. An overall survival benefit for the use of adjuvant 
chemotherapy, however, thus far has not been proven.*™ 


Neoadjuvant Chemotherapy 


Use of chemotherapy before definitive local therapy 
or neoadjuvant therapy, has been used in two general 
settings: before radical cystectomy to enhance local 
control and decrease the likelihood of systemic relapse and 
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in conjunction with radiation for bladder preservation. 
The use of chemotherapy before local therapy offers 
several potential advantages: (a) patients ultimately die 
of occult metastases present at the time of local therapy, 
and it thereby provides systemic therapy at the earliest 
opportunity, when the chance of eradication theoretically 
is highest; (b) chemotherapy sensitivity can be judged on 
a case-by-case basis; (c) “down-staging” of the primary 
tumor may allow for complete resection of a tumor that 
has extended beyond the bladder. 

In 1998, the radiation therapy oncology group (RTOG) 
reported the results of a multicenter randomized trial to 
assess the long-term efficacy of neoadjuvant methotrexate, 
cisplastin and vinblastine (MCV) chemotherapy prior 
to cisplatinum and radiation. The absence of any benefit 
in this and the medical research council/European 
organization for research and treatment of cancer (MRC/ 
EORTC) study, coupled with the toxicity of this drug 
combination (only 67% completed protocol treatment 
in the RTOG trial), has led many investigators away from 
neoadjuvant therapy. 


Metastatic Bladder Cancer Disease 


Approximately, 30% of patients with urothelial cancer 
present with muscle-invasive disease; about half will 
relapse after radical cystectomy depending on the 
pathological stage of the primary tumor and the nodal 
status. Local recurrence accounts for about 30% ofrelapses, 
whereas distant metastases are more common. About 
10-15% of patients are already metastatic at diagnosis. 
Before the development of effective chemotherapy, 
patients with metastatic urothelial cancer rarely exceeded 
the median survival of 3-6 months (Boxes 150.23 and 
150.24). 

The median survival of patients with metastatic 
cancer of the urinary tract who receives only supportive 
care is less than 4-6 months. For patients treated with 
conventional single-agent chemotherapy, the median 


Box 150.23: Metastatic bladder cancer 
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Box 150.24: Tab essential to make heading and subheading 


survival increases to approximately 7 to 8 months. A small 
proportion of patients with metastatic disease can be long- 
term survivors following the use of chemotherapy.* 

Bladder cancer is a chemosensitive tumor. Response 
rates differ with respect to patient-related factors and 
pre-treatment disease. Prognostic factors for response and 
survival have been established. In a multivariate analysis, 
Karnofsky PS of 80% or less and the presence of visceral 
metastases were independently prognostic of poor 
survival after treatment with methotrexate, vinblastine, 
adriamycine and cisplatin (MVAC). 

The most robust single-agent data is a response rate of 
about 25% for gemcitabine for first- and second-line use in 
several, larger-sized, phase II trials. Responses with single 
agents are usually short-lived and complete responses 
are rare. Of note, no long-term disease-free survival has 
been reported with single-agent chemotherapy. The 
median survival in such patients is only about 6-9 months. 
Patients with PS WHO 3-4, with or without additional 
negative prognostic factors, are not expected to benefit 
from combination chemotherapy. The most appropriate 
approach for the patient with low performance status is 
best supportive care.°** 


FIRST-LINE CHEMOTHERAPY FOR’FIT’ PATIENTS 


Cisplatin-containing combination chemotherapy has been 
the standard of care since the late 1980s. Methotrexate, 
vinblastine, adriamycine and cisplatin (MVAC) has 
been superior to cisplatin monotherapy and cisplatin, 
cyclophosphamide and adriamycine (CISCA) (7, 28), 
and more recently, to cisplatin/docetaxel. MVAC and 
gemcitabine/cisplatin (GC) have prolonged survival up to 
14.8 and 13.8 months, respectively. ** 

High-dose intensity MVAC (HD-MVAC) with 
granulocyte colony stimulating factor (GCSF) is less toxic 
and more efficacious than standard MVAC, in terms of 


dose density, complete response, and 2-year survival 
rate. However, there is no significant difference in median 
survival between the two regimens. 

Carboplatin-containing chemotherapy is not proven 
to be equivalent to cisplatin combinations. However, it is 
probably inferior and therefore should not be considered 
interchangeable or standard.°™* 

Gemcitabine and paclitaxel combinations in different 
schedules have been studied as both first and second 
line treatments. Apart from severe pulmonary toxicity 
with a weekly schedule of both drugs, this combination 
has been well tolerated and produced response rates 
between 38% and 60% in both lines. Because there 
has not been a randomized comparison to standard 
cisplatin chemotherapy, non-platinum combination- 
chemotherapy is not recommended for first-line use in 
patients who are fit enough. 


Second-Line Treatment 


Second-line chemotherapy data are highly variable and 
prognostic factors are unclear in this setting. Second-line 
response rates of paclitaxel (weekly), docetaxel, oxaliplatin, 
topotecan, lapatinib, gefitinib and bortezomib range 
between 0% and 13% in small phase II trials. Gemcitabine 
has been studied with excellent response rates also for 
second-line use." 

A variety of agents have significant single-agent 
activity. Cisplatin has been the most widely used and 
probably is the most active agent. In phase III studies, the 
response rates generally have been lower, in the range of 
12-31%, with complete responses seen in fewer than 10% 
of patients. 

With the introduction of combination cytotoxic 
regimens including cisplatin, methotrexate, and 
vinblastine (with or without doxorubicin) to the 
management of metastatic bladder cancer, median 
survival figures have nearly doubled to 12 months, with 
a 3-year survival of approximately 20-25% Nevertheless, 
death from cancer ultimately occurs in more than 90% 
of such cases. Hence, the search for novel therapeutic 
strategies remains a priority. 


ADENOCARCINOMA OF THE BLADDER 


These tumors comprise less than 2% of all bladder tumors. 
The most common adenocarcinomas that spread to the 
bladder, usually by direct extension, are colon, prostate, 
and tumors of the female reproductive tract. If complete 
resection is achievable, cure is possible. Adenocarcinoma 
of the bladder is categorized into three rare entities: 
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1. Metastatic 
. Primary 
3. Urachal 


Primary bladder adenocarcinomas may be papillary, 
polypoid or nodular. These tumors arise in patients who 
have a long history of cystitis; glandular cystitis frequently 
is associated with this lesion. Histologically, these tumors 
resemble colonic carcinoma, and most have invaded 
into muscle at the time of initial diagnosis. These tumors 
frequently produce mucin, with the signet cell variant being 
rare and particularly aggressive. Primary adenocarcinoma 
of the bladder is treatable and potentially curable with 
radical cystectomy or pelvic exenteration." 

Urachal adenocarcinomas are rare, and usually 
confined to the dome or the anterior wall of the bladder. 
Presumably, they arise intramurally, with secondary 
involvement of the mucosa. These are mucin producing 
as well and may have a signet cell appearance. On CT 
scan, these tumors may be cystic or solid and typically are 
situated in the region of the urachal tract directly behind 
the anterior abdominal wall. 

Surgical treatment with either partial or radical 
cystectomy coupled with umbilectomy generates 
comparable survival results, with fewer than 50% of 
patients surviving. Chemotherapy and radiotherapy are of 
uncertain value for adenocarcinomas of the bladder.**° 


Squamous Cell Carcinoma 


Although TCC mixed with squamous metaplasia or frank 
carcinoma sometimes is seen, pure SCC of the bladder is 
much more common in areas endemic to S. haematobium, 
such as Egypt. An association also exists between chronic 
bladder infection and/or long-term indwelling bladder 
catheterization and the development of these tumors.®? 

Although it is believed that patients with SCCs of 
the bladder fare particularly poorly, at least part of the 
reason is because they frequently are diagnosed with 
more advanced disease. In general, such patients are 
treated in a similar fashion as those with TCC, although 
responsiveness to radiotherapy and chemotherapy is less 
sensitive. 


Prognosis of Bladder Cancer 


The prognosis of bladder cancer is primarily related to 
tumor grade and stage. In addition, multiplicity or rapid 
recurrence following an initial TUR of bladder tumor is 
associated with greater recurrence rates (although early 
recurrence may also be related to incomplete initial 
resection or failure to detect a satellite lesion) (Box 150.25). 


Box 150.25: Prognosis of bladder tumor 


Estimates vary, but low-risk cancers (i.e. Ta-G1) recur 
in at least half of all patients and progress in approximately 
5%. In contrast, high-risk cancers carry a correspondingly 
worse prognosis. T1-G3 cancers usually recur, and they 
progress in approximately half of all patients. T1-G3 
cancers found in association with CIS frequently progress, 
and these patients may be considered for immediate 
cystectomy.*° 
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Carcinoma of prostate is now recognized as one of the most 
important medical problems facing by the male population. 
Diagnosis and treatment of prostate cancer continue to 
evolve. With the development of prostate-specific antigen 
screening, prostate cancer is being diagnosed earlier in 
the disease course. May be the prostate cancer is a slow- 
growing cancer and thousands of men die of the disease 
each year. In the modern era, most patients present because 
of abnormalities in a screening prostate-specific antigen 
(PSA) level or findings on digital rectal examination (DRE) 
rather than because of symptoms. More commonly the 
prostate cancer can be an incidental pathologic finding on 
transrectal ultrasound (TRUS) biopsy. 


Frequency 


With the prostate cancer screening program, a greater 
number of men identified with prostate. According to 
figures from the American Cancer Society, 186,330 new 
cases will be diagnosed in 2008 and 26,000 men will die from 
prostate cancer. The prostate cancer is rarely diagnosed in 
men younger than 40 years, and it is uncommon in men 
younger than 50 years.’ 

The prevalence rates of prostate cancer remain 
significantly higher in African-American men than in 
white men. African-American men generally have higher 
levels of testosterone, which may contribute to the higher 
incidence of carcinoma. 

The prostate cancer is also found during autopsies 
performed following other causes of death and it may be 
as high as 80% by the age of 80 years. Higher prevalence’s 
rates are reported in northern Europe and North America, 
intermediate rates are reported in southern Europe and 
Central and South America, and low rates are reported in 
Eastern Europe and Asia. 


Prostate Cancer 


It may be noted that, the prevalence of the latent 
or autopsy form of the disease is similar worldwide. 
Migration studies, suggests that environmental factors, 
such as diet, may play a significant promoting role in the 
development of a clinical cancer secondary to a latent 
precursor. Prostate cancer prevention trial (PCPT) showed 
that the reduction of prostate cancer could be achieved by 
30%. There is also increasing the risk of more aggressive 
cancers.'* 


HISTORY OF PROSTATE CANCER 


Charles, B Huggins published studies, in which he used 
estrogens to oppose testosterone production in men 
with metastatic prostate cancer in 1941. Removal of the 
testes to treat prostate cancer was first performed in the 
1890s. Discovery of “medical castration” brings Nobel 
Prize in medicine in 1966. Patrick Walsh developed 
radical retropubic prostatectomy in 1983 and this surgical 
approach allowed for removal of the prostate and lymph 
nodes with maintenance of erectile function.’ 

Discovery of gonadotropin-releasing hormone 
(GnRH) in reproduction was determined by Andrezi W 
Schally and Roger Guillemin, both won the 1977 Nobel 
Prize in physiology or medicine for this work. The receptor 
agonists, such as luteinizing-hormone-releasing hormone 
(LHRH) agonist were subsequently developed and used to 
treat prostate cancer.’ " 

External beam radiation therapy (EBRT) became more 
popular as stronger radiation sources became available in 
the middle of the 20th century. The brachytherapy with 
implanted Radium seeds was first described in 1983.1!” 

The systemic chemotherapy for prostate cancer 
was first studied in the 1970s. The initial agents were 
5-fluorouracil and cyclophosphamide. This was quickly 
joined by multiple regimens using a host of other systemic 
chemotherapy drugs.” 
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Natural History of Prostate Cancer Disease 


Natural history of prostate cancer is still relatively unknown, 
and many aspects of progression are poorly understood. 
The introduction of PSA testing has helped to identify 
patients with less-advanced, organ-confined disease. 

Mostprostate cancers are multifocaland heterogeneous 
and can start in the transitional zone (TZ) or, more 
commonly, the peripheral zone (PZ). If these cancers are 
locally invasive, the TZ tumors spread to the bladder neck 
causing obstructive symptoms. The PZ tumors extend into 
the ejaculatory ducts and seminal vesicles and penetration 
through the prostatic capsule and along the perineural or 
vascular spaces occurs relatively late. 

Prostate cancer spreads to bone early, occasionally 
without significant lymphadenopathy. Two theories have 
been proposed for spread. Mechanical theory involves 
direct spread through the lymphatics and venous spaces 
into the lower lumbar spine. Seed-and-soil theory indicates 
that tissue factors that allow for preferential growth in 
certain tissues, such as the bone, must be present. Lung, 
liver, and adrenal metastases have also been documented. 

Doubling time in early-stage disease is as slow as 2-4 
years, but this change as the tumor grows and becomes 
more aggressive. Larger tumors usually have a higher 
Gleason grade and a faster doubling time. 


Natural History of Prostate Cancer by Stage 


Natural history of clinically localized disease varies, with 
lower-grade tumors having a more indolent course, while 
some high-grade lesions progress to metastatic disease 
with relative rapidity. Stage of the disease is also important. 
Prostate cancer patients with Tla disease, survives over 10 
years and T1b tumor-related death rate of 10% in 10 years. 
In T2 stage 10-year metastasis-free survival rate of 81%. In 
T3 prostate cancer lymph node metastasis at presentation 
in 50% and approximately 25% rate of 10-year disease- 
free survival is seen. These data suggest that, although 
most prostate cancers diagnosed at an early stage have an 
indolent course, local tumor progression and aggressive 
metastatic disease may develop in the long term. These 
findings would support early radical treatment, notably 
among patients with an estimated life expectancy 
exceeding 15 years. 


Anatomy of Prostate Glands 


Clinical models of prostate was established by McNeal et 
al. Landmark is the prostatic urethra, which gives rise to 
four distinct glandular elements. Largest zone is the PZ, 


Fig. 151.1: Side view diagram of the prostate showing the anterior 
fibromuscular stroma (FM), central zone (CZ), posterior zone (PZ), 
transition zone (TZ), prostatic urethra (PU), and a seminal vesicle (SV) 
Source: Modified from prostate (UK) (http://www.prostateuk/prg/ 
prostate/aboutprostate.htm) 


which covers the dorsal, lateral and apical parts of the 
gland and as such most of its glandular units end near the 
dorsolateral fibrous capsule. The PZ of the prostate is the 
most common site of the prostate cancer. Central zone 
is cone-shaped with its base at the bladder neck and the 
tip at the verumontanum. The glandular units are more 
complex than those in other parts of the prostate, but 
seem to be remarkably resistant to both inflammation and 
the development of neoplasia (Fig. 151.1)lateral parts of 
the PZ. Its arched ducts turn to the ventral aspect of the 
gland and give rise to acini that end near the anterior 
fibromuscular stroma. TZ is small in young man, but it 
continues to grow, as it is the main origin of BPH in later 
life. In this way the TZ may become the dominant glandular 
part of the prostate (Figs 151.2 and 151.3).!° 


ETIOLOGY OF PROSTATE CANCER 


Genetics 


Defect in chromosome 1, 17, and the X chromosome 
have been found in some patients with a family history 
of prostate cancer. The hereditary prostate cancer genes 
are on chromosome 1. Strong familial predisposition 
may be responsible for as many as 5-10% of prostate 
cancer cases. 
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Fig. 151.2: Schematics show the anatomy of the prostate in 
transverse (a) and sagittal; (b) planes. anterior fibromuscular tissue 
(AFT), central zone (CZ), ejaculatory duct (ED), neurovascular 
bundle (NVB), periurethral tissue (PUT), peripheral zone (PZ), 
urethra (U), transitional zone (TZ) 


Fig. 151.3: Diagram show the anatomy of the prostate in 
transverse (a) and sagittal; (b) planes. anterior fibromuscular tissue 
(AFT), central zone (CZ), ejaculatory duct (ED), neurovascular 
bundle (NVB), periurethral tissue (PUT), peripheral zone (PZ), 
urethra (U), transitional zone (TZ) 


Race 


The African-American men have a higher prevalence and 
more aggressive prostate cancer than white men. It was 
found that young African-American men have testosterone 


levels that are 15% higher than in young white men and 
there is evidence that 5-alpha reductase may be more 
active in African-Americans than in whites, indicating that 
hormonal differences may play a role. 


Diet 


The high-fat diet may lead to increased risks, while a diet 
rich in soy may be protective. Studies have shown that 
omega-6 fatty acids are positive stimulants of prostate 
cancer cell growth, while omega-3 fatty acids are negative 
stimuli and they may exert their effects by alterations of sex 
hormones or growth factors or through effects on 5-alpha 
reductase. The rates of prostate cancer are much greater 
in Japanese-American men than in native Japanese men, 
supporting the association of a high-fat diet with cancer. 

Soybean seems to decrease the growth of prostate 
cancer cells in mouse models. Low levels of vitamin A may 
be arisk factor because this can promote cell differentiation 
and stimulate the immune system. Studies also showed 
an inverse relationship between ultraviolet exposure and 
mortality rates for prostate cancer. The selenium may 
have a protective effect based on epidemiologic studies 
and is also believed to extend its effect via its antioxidant 
properties. Selenium and Vitamin E Cancer Prevention 
Trial (SELECT) is an ongoing phase 3, randomized, 
controlled trial designed to test the efficacy of selenium 
and vitamin E in the prevention of prostate cancer. 


Hormones 


It is well-known that androgen ablation causes a regression 
of prostate cancer and it is also known that eunuchs do 
not develop adenocarcinoma of the prostate. In the PCPT 
studied the prevalence of prostate cancer between a control 
group and a group given a 5-alpha-reductase inhibitor 
(finasteride). The 5-alpha reductase inhibitor appeared 
to decrease the prevalence of tumors those that did arise 
appeared histologically more aggressive (Box 151.1). 


Box 151.1: Risk factors for carcinoma of prostate 
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PATHOPHYSIOLOGY OF PROSTATE CANCER 


The prostate cancer develops when the rates of cell division 
and cell death are no longer equal, leading to uncontrolled 
tumor growth. Following the initial transformation event, 
further mutations of genes, can lead to tumor progression 
and metastasis. Ninety-five percent prostate cancers are 
adenocarcinomas. 

About 4% of cases of prostate cancer have transitional 
cellmorphology and are thought to arise from the urothelial 
lining of the prostatic urethra. Small number of cases do 
have neuroendocrine morphology and they are believed 
to arise from the neuroendocrine stem cells normally 
present in the prostate or from aberrant differentiation 
programs during cell transformation. 

Seventy percent of prostate cancer arise in the PZ, 
15-20% arise in the central zone, and 10-15% arise in 
the TZ. Important to note that most prostate cancers are 
multifocal, with synchronous involvement of multiple 
zones of the prostate which may be due to clonal and 
nonclonal tumors. 


Screening of Prostate Cancer 


Digital rectal examination (DRE) and PSA tests are the 
hallmark of modern screening program. Transrectal ultra- 
sonography has been associated with a high false-positive 
rate, making it unsuitable as a screening tool, although it is 
very useful for directing prostatic biopsies. 

Values for screening are controversial. American 
Cancer Society recommends that both PSA evaluation 
and DRE should be offered annually, beginning at age 50 
years, to men who have at least a 10-year life expectancy 
and to high-risk younger men. All information should 
be provided to patients regarding potential risks and 
benefits of intervention. Screening for prostate cancer in 
men aged 75 years or older is not recommended.” People 
who choose to undergo screening should begin at age of 
50 years. High-risk groups, such as African-Americans 
and those with a strong familial predisposition or more 
affected first-degree relatives, should begin screening at a 
younger age (40-45 years)."” 

As anational protocol it may be very expansive program 
for the government. As such no screening protocol does 
exist in developing countries. An awareness of the disease 
may be created using print and electronic media can be 
created. This nation wide program will encourage the 
people to their own doctor at door step, for annual DRF 
and a PSA test by the all male over 50 years of age. This 
program is simple, cost effective and practical for all 
developing countries. 
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Presentation of Prostate Cancer 


Local Symptoms 


Prostate cancer is a silent killer. Most cases are 
asymptomatic. Retention of urine developed in 20-25% 
of these patients, back or leg pain developed in 20-40%, 
and hematuria developed in 10-15%. None of the urinary 
symptoms is unique to prostate cancer and each could 
arise from various other ailments. Almost half of patients 
are asymptomatic. 


Metastatic Symptoms 


The metastatic symptoms include weight loss and loss of 
appetite; bone pain, with or without pathologic fracture 
(because prostate cancer, when metastatic, has a strong 
predilection for bone); and lower extremity pain and edema 
due to obstruction of venous and lymphatic tributaries by 
nodal metastasis. Features of uremic symptoms can occur 
from ureteral obstruction caused by local prostate growth or 
retroperitoneal adenopathy secondary to nodal metastasis. 


Abnormal Rectal Examination Findings 


Irregular firm prostate or nodule on DRE is typical, but 
many cancers are found in prostates that feel normal. 
Seminal vesicles and adjacent organs should be 
examined carefully to detect spread of the disease to these 
structures. Distended bladder due to outlet obstruction, 
supraclavicular adenopathy and lower extremity deep 
venous thrombosis should also be noted. 


Differential Diagnoses 


e Benign prostatic hypertrophy 
e Prostatitis 
e Prostatic tuberculosis. 


Pathology of Prostate cancer 


Greater than 95% of prostate cancers are adenocarcinomas. 
Other cancer includes transitional cell carcinoma, 
neuroendocrine carcinoma or sarcoma. 


Malignant Neoplasm of Prostate 


Primary 

e Adenocarcinoma 95% 

e Transitional cell carcinoma less than 4% 
e Neuroendocrine carcinoma 

e Sarcoma. 
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Secondary 


From adjacent organ. 


Adenocarcinoma of the Prostate 


Adenocarcinoma of the prostate arises primarily in the PZ 
70%, 10-15% in the TZ and 15-20% in central zone. It first 
spreads medially and finally invades the capsule. Further 
spread is by direct local extension and by lymphatic and 
vascular channels. Invasion of the capsule followed by 
extension to the seminal vesicles and bladder base indicates 
a more aggressive tumor. Ureteral obstruction occurs in 
10-35% of patients. Direct extension to the rectum is rare. 

Lymphatic drainage is to the obturator and hypogastric 
nodes primarily. Osteoblastic bony metastasis is the most 
common location of distant spread, usually in the axial 
skeleton, such as the lumbar spine, proximal femur, pelvis, 
thoracic spine, ribs, sternum and skull. Visceral metastases 
are the most common in the lung, liver and adrenal (Figs 
151.4 and 151.5). 

Cytological characteristic of carcinoma prostate 
includes hyperchromatic enlarged nucleolus with 
prominent nucleoli. Nucleo cytoplasmic ratio frequently 
remains unaltered. Due to this fact the diagnosis of 
carcinoma of prostate is dependent more on architectural 
pattern of the glands. The basal cell layer is absent in 
carcinoma prostate.!3-15 


Fig. 151.4: This section through a prostate removed via radical 
prostatectomy reveal irregular yellowish nodules, mostly in the 
posterior portion 


Fig. 151.5: Whole-mount histological section at the same level as 
Fig. 151.1, showing a large, nearly round cancer focus in the right 
transitional zone (dotted area). Note the prostatic urethra, which 
is displaced to the left and had contained a catheter. Hematoxylin 
and eosin 


PROSTATIC INTRAEPITHELIAL NEOPLASIA 


Prostatic intraepithelial neoplasia (PIN) is thought to be 
precursor of invasive carcinoma of prostate. In PIN unlike 
the carcinoma of prostate, the basal layer remains intact. 
The PIN can be classified into two distinct categories: 

1. High grade PIN (HGPIN) 

2. Low grade PIN (LGPIN) 

High grade PIN usually associated with 80% of the 
invasive carcinoma of the prostate. Low grade PIN 
is associated with 20% of the invasive carcinoma of 
prostate. If needle biopsy of a patient shows HGPIN a 
repeat biopsy is necessary to exclude the possibilities of 
missed invasive cancer. 


The Gleason Score 


Gleason score is the most commonly used system for 
grading adenocarcinoma of the prostate. Gleason score 
can only be assessed studying biopsy material at low power 
setting. Gleason score is the sum of the two most common 
patterns (grades 1-5) of tumor growth found. The score 
ranges between 2 and 10, with 2 being the least aggressive 
and 10 the most aggressive (Box 151.2) (Fig. 151.6). 

The grades are based on the extent to which the 
epithelium assumes a normal glandular structure. 
Grade of 1 indicates a near-normal pattern, and grade 
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Box 151.2: Gleason grading and pattern of prostate cancer tissue 


Fig. 151.6: Gleason grading and pattern of prostate cancer tissue 


5 indicates the absence of any glandular pattern (less 

malignant to more malignant). The scheme of grading 

histological features greatly depends on the skill and 

experience of the pathologist and is subject to some 

degree of individual variation. 

e Score of2-4is considered low grade orwell differentiated 

e Score of 5-7 is considered moderate grade or 
moderately differentiated 

e Score of 8-10 is considered high grade or poorly 
differentiated. 

The change in glandular architecture represented 
by the Gleason score is currently the most widely used 
and correlative histological parameter, it is not the only 
histological change that can be observedin prostate cancers. 
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Box 151.3: Histopathology Mostofi grading 


Associated changes in cell and nuclear morphology, 
neuroendocrine differentiation, and vascularity can be 
observed and may have great prognostic significance 
(Fig. 151.7). 

Presence of perineural invasion is an indicator of 
invasiveness and is considered in terms of which side 
should possibly undergo a nerve-sparing procedure 
and whether a patient might benefit more from high- or 
low-risk brachytherapy. 


Mostofi Grading System 


Mostofi uses only three grades (1-3) to score the glandular 
pattern in addition to the degree of cellular anaplasia. The 
higher the grade, the more the tumor in poorly differentiation 
and therefore the more malignant is the tumor (Box 151.3). 


Prostatic Intraepithelial Neoplasia and Atypical 
Small Acinar Proliferation 


The PIN represents the putative precancerous end of the 
morphologic continuum of cellular proliferations within 
prostatic ducts, ductules, and acini. Usually two grades 
of PIN are identified. Low-grade PIN is mild dysplasia. 
The high-grade PIN encompasses moderate and severe 
dysplasia. High-grade PIN is considered by most to be a 
precursor of invasive carcinoma. Patients with high-grade 
PIN alone can be monitored closely. 

Clinical importance of recognizing PIN is based on 
its strong association with carcinoma. Studies suggest 
that PIN predates a carcinoma by 10 or more years. Some 
recent studies claim that men with high-grade PIN in a 
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Fig. 151.8: TNM and clinical staging of prostate cancer 


Box 151.4: T staging of prostate cancer 


prostate biopsy specimen have a 35-50% chance of being 
diagnosed with prostate cancer after a subsequent biopsy. 

Another pathological entity is a atypical small acinar 
proliferation (ASAP) has also been associated with higher 
cancer detection rates. Detection of PIN in prostate biopsy 
specimens warrants further searching for concurrent 
invasive carcinoma and this means repeat biopsies if the 
PSA level changes significantly. 


Staging 

Tumor, nodes and metastases (TNM) staging system (2002) 

is used to stage prostate cancer, as follows (Fig. 151.8): 

e T- Primary tumor (Box 151.4) 

e TX- Primary tumor cannot be assessed 

e TO - No evidence of primary tumor 

e T1- Clinically inapparent tumor not palpable or visible 
by imaging 

e Tla - Tumor incidental histologic finding in less than 
or equal to 5% of tissue resected 

e Tilb - Tumor incidental histologic finding in greater 
than 5% of tissue resected 

e Tlic - Tumor identified by needle biopsy (because of 
elevated PSA level); tumors found in 1 or both lobes 


by needle biopsy but not palpable or reliably visible 
by imaging 

e T2-Tumor confined within prostate 

e 2a - Tumor involving less than half a lobe 

e T2b - Tumor involving less than or equal to 1 lobe 

e 2c - Tumor involving both lobes 

e T3-Tumor extending through the prostatic capsule; no 
invasion into the prostatic apex or into, but not beyond, 
the prostatic capsule 

e 3a - Extracapsular extension (unilateral or bilateral) 

e T3b - Tumor invading seminal vesicle(s) 

e T4- Tumor fixed or invading adjacent structures other 
than seminal vesicles (e.g. bladder neck, external 
sphincter, rectum, levator muscles, pelvic wall) 

e NX- Regional lymph nodes (cannot be assessed) 

e NO- No regional lymph node metastasis 

e N1- Metastasis in regional lymph node or nodes. 
Regional lymph nodes are assessed via surgical 

removal or biopsy of the pelvic lymph nodes, including 

the obturator chain. The surgical boundaries include the 
bifurcation of the common iliac, the obturator nerve, and 
the node of Cloquet. 


Distant Metastasis 


e PMIc- More than 1 site of metastasis present 
e MX -Distant metastasis cannot be assessed 

e M0 -No distant metastasis 

e Mi -Distant metastasis 

e Mla - Nonregional lymph node(s) 

e Mib -Bone(s) 

e Mic- Other site(s) 
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WORK-UP AND HISTOLOGIC FINDINGS 


Work-up 


The PSA level should be measured. Other factors should 
be encountered related to PSA like age-related PSA levels 
can be assessed and also clinical evidence of prostatitis. If 
it is suspected that the elevated PSA level may be due to 
infection, 4-6 weeks of antibiotics are provided, and then 
the PSA level is rechecked. 

Digital rectal examination should be performed. The 
test is examiner-dependent, and serial examinations, over 
time, are best. Notes are taken for the nodules or changes 
in the texture or the level of asymmetry with a high index of 
suspicion. The physical examination findings alone cannot 
reliably differentiate a cyst or calculus from cancer foci; 
therefore, a biopsy is warranted in these circumstances. 


Prostate Biopsy ee a. 
Fig. 151.10: TargetScan Touch is a stereotactic prostate biopsy 


Baseline Biopsy and treatment system 


Indications for prostate biopsies should be determined 
on the basis of the PSA level and/or a suspicious 
DRE. Biological age, potential co-morbidities and the 
therapeutic consequences should also be considered. 

First elevated PSA level should not prompt an 
immediate biopsy. PSA level should be verified after a few 
weeks by the same assay under standardized conditions 
(i.e. no ejaculation and no manipulations, such as 
catheterization, cystoscopy or TUR, and no urinary 
tract infections) in the same diagnostic laboratory, 
using the same methods. Perineal approach of prostate 
biopsy using ultrasound-guide is a useful alternative in 
special situations, e.g. after rectal amputation (Figs 
151.9 and 151.10). 


Fig. 151.11: Micrograph of prostate biopsy showing 
adenocarcinoma 


Repeat Prostate Biopsy 


Repeat prostate biopsy is indicated in rising and or 
persistent PSA, suspicious DRE and ASAP. Optimal timing 
is uncertain and depends on the histological outcome of 
the baseline ASAP biopsy and the index of a persistent 
suspicion of PCa (high or dramatically rising PSA, suspect 
DRE, family history). 

Delayed repeat biopsy is done, the higher the detection 
rate. High-grade PIN is no longer considered an indication 
for re-biopsy. Repeat biopsy should therefore be prompted 
by other clinical features, like abnormal DRE findings and 
PSA level. If PIN is extensive (i.e. in several biopsies) this 
Fig. 151.9: Biopsy gun and needle could be a reason for early re-biopsy (Fig. 151.11). 


Chapter 151 Prostate Cancer 


Base 
Left Gy. 


Apex 


Fig. 151.12: Sextant biopsy 
Source: Luciano Nesrallah; Adriano Nesrallah; Alberto A. Antunes; 
Katia R. Leite; Miguel Srougi Int. braz j urol. vol.34 no.5 Rio de 
Janeiro Sept./Oct. 2008 doi: 10.1590/S1677-55382008000500004 
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Fig. 151.13: Extended 14 core prostate biopsy 
Source: Luciano Nesrallah; Adriano Nesrallah; Alberto A. Antunes; 
Katia R. Leite; Miguel Srougi Int. braz j urol. vol.34 no.5 Rio 
deJaneiro Sept./Oct.2008 doi: 10.1590/S1677-55382008000500004 


Saturation Biopsy 


Incidence of PCa detected by saturation repeat biopsy 
is between 30% and 43% and depends on the number of 
cores sampled during earlier biopsies. Saturation biopsy 
may be performed with the transperineal technique also 
in special situations. 

The sextant biopsy is no longer considered adequate. 
When the prostate volume is of 30-40 mL, at least eight 
cores should be sampled. Twelve or eighteen core 
protocols provide more specimens from the lateral 
regions and usually sample the transition zone (Figs 
151.12 and 151.13). 

In patients with a persistently elevated PSA level in the 
face of negative biopsy results, the literature supports a 
repeat round of biopsies has been suggested when the PSA 
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Fig. 151.14: Percentage of positive detection following assessment 
of either 6 or 14 core isolated from 100 prostate specimens. 
Source: Luciano Nesrallah; Adriano Nesrallah; Alberto A. Antunes; 
Katia R. Leite; Miguel Srougi Int. braz j urol. vol.34 no.5 Rio de 
Janeiro Sept./Oct. 2008 doi: 10.1590/S1677-55382008000500004 


6 cores 


increases by 25% from the level at which the last biopsies 
were performed (Fig. 151.14). 

Higher clinical stage of cancer determined by DRE 
findings, PSA level, and Gleason score (as determined by 
biopsy) correlates with an increased risk of extraprostatic 
spread, and these tests are considered key factors in 
determining the staging work-up and predicting patient 
prognosis. 

Partin table is the best nomogram for predicting 
prostate cancer spread and prognosis. Another nomogram 
has been proposed from the Memorial Sloan-Kettering 
Cancer Center (MSKCC). These nomograms are used 
to predict biochemical-free survival after surgery and 
radiation. 

Patients with PSA levels less than 10 ng/mL and low- 
or moderate-grade histology (Gleason score < 7) with no 
findings or minimal findings on physical examination 
may proceed to surgery or brachytherapy without further 
studies. Patients with PSA levels greater than 10 ng/mL, 
high-grade histology (Gleason score > 7), or physical 
findings that suggest stage T3 disease should probably 
undergo a staging CT scanning and bone scan. 


Further Study of Prostate Cancer Cases 


In a diagnosed case of prostate cancer case CT scanning 
is commonly used to evaluate extension into the bladder 
and lymph nodes to help stage the patient’s cancer or 
to consider lymph node sampling prior to treatment. 
Transrectal ultrasound is no better than DRE. The MRI is 
superior to bone scan in evaluating bone metastasis but 
is impractical for routine total-body surveys. More over, it 
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is used to determine the etiology of questionable lesions 
found on bone scans. 

Positron emission tomography CT (PET CT) 
uses glucose analogue 18 F-fluorodeoxyglucose (18 
F-FDG) to detect cancer, but studies thus far have been 
disappointing for prostate cancer detection. C-choline 
PET scans fused with CT imaging show more promise 
but are not yet the standard of care. Prostascint scans is 
fused with MRI or CT images. This modality involves a 
murine monoclonal antibody that reacts with prostate- 
specific membrane antigen to identify cancer both in 
the prostate and in metastatic deposits. Endorectal 
MRI is helpful for localizing cancer within the prostate 
and seminal vesicles and for local staging. Preoperative 
work-up includes the following: 

e Chest radiography 

e Complete blood count, blood chemistry 

e Prothrombin time and activated partial thromboplastin 
time 

e Electrocardiography. 


Molecular Prognostic Markers 


Currently several molecular markers have been shown 
to aid in the prognostication of patients undergoing 
treatment for localized and metastatic prostate cancers 
and may include the urinary PCA3 gene test. The PCA3 
has been shown to be useful to predict the presence of 
malignancy when prostatic biopsy is negative.®'® 


MANAGEMENT OF PROSTATE CANCER 


Treatment of carcinoma of prostate will depend on stage 
and grade of the disease, age of the patient, cardiovascular 
and socio-economic status of the patients. The treatment 
option ranges from no treatment to radical surgery. Cost 
of the treatment ranges from small figure to exponential 
figure and it is important for the developing countries. 
As such the treatment plan of carcinoma prostate for a 
particular patient should be individualized and tailored to 
needs to obtain maximum benefit (Box 151.5). 

The standard treatments for localized prostate cancer 
include surgery, radiation therapy, endocrine therapy or 
observation, which is also termed watchful waiting. Three 
important factors enter into the decision for the selection 
of therapy. 

1. The overall life expectancy of patients as determined 
by age and co morbidities. 

2. The biological characteristics of the tumor, together 
with its predicted aggressiveness and behavior. 


Uro-oncology 


Box 151.5: Treatment of carcinoma of prostate will depend on 


3. The choice of the patient for the various treatment 
options, with consideration of complications, adverse 
effects, relative efficacy, and quality-of-life issues. 


Stage T1a NOMO 


Patients with clinical stage Tla disease are usually 
diagnosed after a transurethral resection is performed for 
evaluation of urinary tract symptoms (hesitancy, urgency, 
nocturia, frequency). Stage Al disease is clinically 
unsuspected by history and physical examination; it is 
focal in its anatomic distribution and it is usually well 
differentiated. The pathologic quantification is defined as 
less than or equal to three chip sections or less than 5% of 
the entire number of chips resected (although this is not 
uniformly accepted). 

Usually in T1 disease, the combined Gleason primary 
and secondary score is usually 4 or less. The T1 disease 
is probably present in many aging men, and it is the 
type of lesion most likely to be diagnosed at autopsy in 
asymptomatic patients who have died of other causes. 
T1 is also likely to be diagnosed during routine screening 
evaluations. The patient should be followed up with 
DRE, PSA velocity and TRUS every three months 
(watchful waiting). 

Observation or active surveillance is becoming more 
popular as physicians worry more about over treatment 
of prostate disease. It is difficult to predict which variants 
will be aggressive. Watchful waiting or active surveillance 
refers to PSA testing every 3 months and repeat biopsy at 
18-24 month intervals. The biopsy findings are the most 
important factor in deciding whether to pursue treatment. 
A rapid PSA level rise or patient choice can also prompt 
proceeding to treatment.” 

The watchful waiting, a program of regular 
examinations used to monitor symptoms, is considered 
in patients of advanced age or those who have significant 
life-limiting comorbidities and a life expectancy of 
less than 10 years. Current evidence supports these 
recommendations and also suggests that patients who 
undergo watchful waiting for more than 15 years sustain 
significant disease progression. 
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Stage T1b and c NOMO 


The patients with clinical stage T1b and c disease usually 
have a clinical presentation similar to that of patients with 
stage A1. But, the disease involves the chips more diffusely 
and involves more than 5% of the resected specimens 
or the Gleason primary and secondary score is greater 
than 4. Men with stage Al disease, a large percentage of 
patients with stage A2 disease, when surgically staged, 
are found to have positive lymph nodes. Treatment of this 
group of patient should be carefully designed. Surgery is 
usually delayed at least 6 weeks following a transurethral 
resection of prostate (TURP). External-beam radiation is 
appropriate; however, interstitial radiation with implanted 
isotope seeds may be difficult following a TURP. Younger 
patients with high Gleason’s score should be treated 
aggressively may be like the T2 disease. 


Stage T2 


The optimal treatment for T2 (localized) disease, radical 
prostatectomy or definitive radiation therapy, has been 
controversial for decades. A frank and thorough discussion 
should take place between the patient’s primary care 
physician, consulting radiation oncologist, and urologist 
before a decision regarding therapy is made. 


RADICAL PROSTATECTOMY 


Radical prostatectomy as a treatment of the organ confined 
prostate cancer has gained popularity as gold standard 
technology. The surgical technique currently offers the 
maintenance of the neurovascular bundle responsible 
for sexual potency. The surgical approach also allows the 
sampling of pelvic lymph nodes before performing the 
operation, thus leading to more precise surgical staging 
(Fig. 151.15). 

The radical prostatectomy involves removal of the 
prostate and seminal vesicles. Pelvic lymphadenectomy 
includes the medial half of the external iliac and obturator 
fossa from the bifurcation of the internal and external iliacs 
to the node of Cloquet. Today most centers uses one of the 
three approaches are used to remove the prostate gland. 


Open Radical Retro Pubic Prostatectomy 


This classic operation was gold standard in 1990s. 
Following the Patric Walsh’s innovative work of nerve 
sparing prostatectomy, it become the best treatment for 
the organ confined prostate cancer. 


Fig. 151.15: The prostate with seminal, specimen 
of radical prostatectomy 


Radical Perineal Prostatectomy 


Major advantages include less discomfort, quicker 
return of bowel function, and shorter hospitalization. 
Disadvantages include specialized instruments, lack of 
node sampling or node sampling performed on a separate 
date, and, in some studies, higher fecal incontinence rates. 


Laparoscopic Radical Prostatectomy 

Like all laparoscopic radical surgery, radical prostatectomy 
has a steep learning curve. But when the challenges are 
over, it would be similar to those of open prostatectomy. 
Although the follow-up was short (< 5 years), cancer 
control appeared equal to that of the open procedure. The 
long-term rates of continence, anastomotic stricture, and 
sexual function remain to be determined in larger studies 
with longer follow-up. Head-to-head outcome studies are 
currently in progress. 


Robotic-assisted Laparoscopic Prostatectomy 


Robotic-assisted laparoscopic prostatectomy has supp- 
lanted pure laparoscopic prostatectomy. At high-volume 
centers, outcomes appear to be similar to those of open 
prostatectomy. Proponents of the technique suggest 
that the magnification offered by the laparoscope and 
the multiple degrees of freedom will eventually improve 


1029 


1030 


Section 19 Uro-oncology 


Fig. 151.16: X-ray pelvis showing radium needles 
following brachytherapy 


potency and continence outcomes. Head-to-head 
outcome studies are currently ongoing.*! > 

The treatment choices must be individualized to each 
patient’s specific situation. 

e ‘The patient should be younger than 75 years 

e No or few comorbidities, with life expectancy longer 
than 10 years 

e Histologically, Gleason score of 7 or less 

e PSA level less than 20 ng/mL. 

Standard nomograms can predict the outcome and 
can be calculated by combining clinical stage, Gleason 
score, serum PSA level, and other parameters can be used 
to predict the probability of lymph node involvement. 


Lymphadenectomy with Radical Prostatectomy 


In general, approximately 3% patients with a less than 3% 
projected chance of harboring metastatic prostate cancer 
in their lymph nodes. Samples of lymph nodes may be 
sent for frozen section analysis. All patients with tumors 
with higher Gleason scores and PSA levels require a lymph 
node dissection and frozen section analysis only if the 
surgery is aborted in the context of positive findings.” 


Complications of Radical Prostatectomy 


The complications from radical prostatectomy vary 
widely and depends on the surgeon and center, with 
high-volume centers generally having superior outcomes. 
The complications may include impotence, urinary 
incontinence, strictures, and, possibly, fecal incontinence.° 
The potency rates in previously potent patients vary 
greatly (5-80%) and depend on patient age and whether a 


nerve-sparing surgery (unilateral or bilateral) is performed 
or whether a non-nerve sparing surgery is performed. 
Incontinence (4-30%) also depends on the patient’s age 
and whether the surgery is nerve sparing or non-nerve 
sparing. Visico urethral strictures (10%) and, rarely, fecal 
incontinence occur; the latter may occur more commonly 
with perineal prostatectomy.*?” 


External Beam Radiation Therapy 


External beam radiation therapy is offered using the 
linear accelerator, 67-70 Gray (Gy) is given to the prostatic 
bed over a period of 6-7 weeks. Modifications and 
improvements in the technique of radiation therapy may 
allow specially shaped radiation fields to strictly limit 
radiation dosage to the prostate gland and to minimize 
exposure of normal tissue to ionizing radiation therapy, 
thus reducing gastrointestinal and genitourinary side 
effects. It results in the greatest local control and local 
eradication of prostate cancer. It is used with curative 
intent in patients with clinically localized cancer and is 
often combined with androgen ablation. Techniques may 
include: 

e Conventional external beam radiation therapy (EBRT) 
e 3D conformal radiation therapy (3D-CRT) 

e Intensity-modulated radiation therapy (IMRT) 

e Image guided radiation therapy (IGRT) 

e Cyber knife. 


External Beam Radiation Therapy 


The EBRT is shorthand for electron beam radiation therapy 
and is a standard type of external radiation therapy used in 
the treatment of prostate cancer. Radiation oncologist will 
administer the EBRT after carefully mapping the prostate 
gland. Perfect session of electron beam radiation therapy 
will hit only the targeted area and none of the surrounding 
organs. But, over the course of five treatments per week 
over 5-9 weeks, the surrounding organs will be exposed to 
the photons generated by the linear accelerator. Prostate 
gland cells as well as the healthy cells of surrounding 
organs, unlike prostate cancer cells, can repair the radiation 
damage to their DNA before cell division and therefore 
minimize the amount of damage caused by radiation 
exposure. This treatment can be used concomitantly with 
androgen ablation. 

Radiation Therapy Oncology Group and European 
Organization for Research and Treatment of Cancer Trials 
have determined that androgen ablation, when combined 
with external radiation, yields improved disease-specific 
survival and increased time to recurrence in patients 
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with locally advanced or high-grade prostate cancer. 
Advantage of this approach in patients with early disease 
remains to be determined, but it could offer significant 
advantages when used in younger patients with significant 
expected longevity (> 20 years). The androgen ablation has 
traditionally been achieved with luteinizing hormone- 
releasing hormone agents combined with antiandrogens 
although variations on this theme have been described.*?” 


Three-dimensional Conformal Radiation Therapy 


Three dimensional conformal radiation therapy (3D-CRT) 
is an advanced type of electron beam radiation therapy 
which is used as a prostate cancer treatment. The radiation 
therapy works by aiming an external beam of radiation at 
the prostate gland while trying to minimize the exposure 
of healthy tissue in the surrounding organs. 3D-CRT 
immobilizes the patient in a bed of styrofoam that is 
customized for his body. Computer generates a precise 
image of his internal organs. Radiation oncologist then 
aims waves of photons generated by a linear accelerator 
at the image to irradiate the malignant area. Waves are 
formed exactly to the shape of the treated to be treated so 
the surrounding healthy tissue is spared being damaged 
by radiation. The patients undergoing external radiation 
therapy for the treatment of prostate cancer will receive 
five treatments each week from Monday to Friday for 
5-9 weeks. The patients do not undergo treatment on the 
weekends. Rest for 2 days off will give the healthy organs 
which will suffer some inadvertent radiation damage time 
to recovered. 


Intensity Modulated Radiation Therapy 


The IMRT is a refinement over existing conformal 
radiotherapy modalities, rather than a breakthrough 
technology. The IMRT represents an advance in the means 
that radiation is delivered to the target, and it is believed 
that IMRT offers an improvement over conventional and 
conformal radiation in its ability to provide higher dose 
irradiation of tumor mass, while exposing the surrounding 
normal tissue to less radiation. The enhancement in 
accuracy is achieved by the delivery of thousands of tiny 
pencil-thin radiation beams, rather than a single large 
radiation beam passing through the body (Fig. 151.17). 


Image-guided Intensity Modulated Radiation Therapy 


Image-guided radiation therapy, is the cutting edge 
in high-dose radiation for prostate cancer treatment, 
perhaps the biggest breakthrough in a generation. For 
many prostate cancer patients, IGRT promises a cure rate 


Fig. 151.17: Image-guided intensity modulated radiation therapy 


equal to surgery, but without many of the potential side- 
effects mainly, incontinence and impotency. While many 
physicians, primarily surgeons, argue that surgery remains 
the ‘gold standard’ treatment for men under 60 years of 
age that perception may be changing due to the benefits 
of IGRT. 

Normally, the organs and tumors moves between treat- 
ments due to differences in organ filling or movements 
while breathing. The IGRT is radiation therapy, or 
often IMRT for deep seated tumors, guided by imaging 
equipment, such as CT, ultrasound or stereoscopic X-rays, 
taken in the treatment room just before the radiation 
treatment is delivered. Patients first undergo a CT scan 
as part of the planning process. Digital information from 
the CT scan is then transmitted to the treatment console 
to allow the therapists to compare the earlier image with 
the images taken just before treatment and this allows for 
better targeting of the cancer while avoiding nearby healthy 
tissue. For more accuracy in some cases, a tiny piece of 
material called a fiducial marker may be implanted near 
or in the tumor to help localize the tumor during IGRT. 


The CyberKnife® Robotic Radiosurgery System 


CyberKnife” robotic radiosurgery system is a non-invasive 
alternative to surgery for the treatment of both 
cancerous and non-cancerous tumors anywhere in the 
body, including the prostate, lung, brain, spine, liver, 
pancreas and kidney. Radiation treatment done with this 
system delivers beams of high dose radiation to tumors 
with extreme accuracy and offers new hope to patients 
worldwide. The cyberknife system is the world’s first and 
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only robotic radiosurgery system designed to treat tumors 
throughout the body non-invasively. It provides a pain- 
free, non-surgical option for patients who have inoperable 
or surgically complex tumors, or who may be looking for 
an alternative to surgery (Fig. 151.18). 

Benefits of cyber knife treatment may include, short 
course of treatment and rapid resumption of normal 
activities, biologically potent radiation dose within 
the prostate target volume, less invasive than high- 
dose rate (HDR) brachytherapy - No hospital stay and 
sharp treatment margin reduces radiation exposure to 
surrounding tissues. Drawbacks of cyberknife is that 
this is a new modalities of treatment and has a minimal 
published outcome data specific to cyber knife. 


Results with Radiation Therapy in Prostate Cancer 


When the PSA levels greater than 1.5 ng/mL are included 
as failures in these rates, the 5-year disease-free survival 
rate is 53% in the adjuvant goserelin arm and 20% in the 
observation arm. Five-year survival rate (for the entire 
population) is 75% in the adjuvant arm and 71% in the 
observation arm. But, in patients with tumors with a 
Gleason score of 8-10, the difference in actuarial 5-year 
survival (66% in the adjuvant goserelin arm vs 55% in the 
observation arm) reaches statistical significance. 


Complications of External Radiotherapy 


The complications of external radiotherapy include 
cystitis, proctitis, enteritis, impotence, urinary retention, 
and incontinence (7-10%). The patients also exhibit the 
symptoms of androgen deprivation (e.g. decreased libido, 
impotence, hot flashes), if undergoing this form of therapy 
in conjunction with radiation therapy.“ 


Fig. 151.18: Prostate cancer and its spread 


Fig. 151.19: Brachytherapy unit with transrectal US probe 


Rectum 


Fig. 151.20: Principles of brachytherapy 


Brachytherapy for Prostate Cancer 


The brachytherapy is also known as a radioactive seed 
implant, prostate. This delivers a very high dose ofradiation 
to tumor by inserting radioactive seeds directly into the 
prostate gland under ultrasound guidance. Radio active 
iodine or palladium is most commonly used and the seeds 
are about four millimeters long and less than a millimeter 
in diameter. In some cases both prostate brachytherapy 
and external radiation may be used to combat prostate 
cancer (Figs 151.19 and 151.20). 

Types of brachytherapy include: 
e Low-dose rate brachytherapy 
e High-dose rate brachytherapy. 

Brachytherapy may be used alone or in combination 
with external beam radiotherapy, depending on the 
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PSA level and the cancer grade. Usually most centers 
do not use brachytherapy in conjunction with external 
beam therapy in patients with early (well-differentiated) 
localized disease and low (< 10 ng/mL) PSA levels. In more 
advanced cases, external beam therapy with or without 
neoadjuvant and adjuvant androgen ablation is used (Figs 
151.16, 151.21 and 151.22). 


Neoadjuvant Hormone Therapy and Brachytherapy 


Hormone therapy may also be used as neoadjuvant therapy 
for brachytherapy patients. This treatment is given before 
the primary treatment to maximize effectiveness. This 
endocrine manipulation can shrink the prostate gland so 
that the prostatic volume is acceptable for brachytherapy, 
unless the patients prostate gland is severely enlarged (over 
100 cc). The complications of brachytherapy are generally 
similar to those of conformal or intensity-modulated 
external radiotherapy.*** 


Treatment of Organ Confined Prostate Cancer 
with Surgery Versus Radiotherapy 


Nerve sparing radical surgery offers the most logical and 
best control of the cancer prostate when it is confined 
to the prostate. The advantage of this procedure is that 
if there are any margin positive cases following surgery 
or there is relapse following surgery on follow-up, the 
radiation therapy can be used. This combined treatment 
with surgery and radiation is almost equivalent to radical 
surgery in organ-confined diseases. 

The radiation therapy has been compared with 
surgery in the management of early-stage disease. Direct 
comparisons (i.e. prospective randomized trials) are 
not readily available, but preliminary data from most 
centers suggest that radiation therapy yield comparable 
local control and biochemical disease-free rates. Current 
researches indicate that eight-year biochemical control 
of disease was virtually identical (72% vs 70%) in this 
report, suggesting that radiotherapy and surgery may be 
equally acceptable treatments in patients with organ- 
confined disease. 


Locally Advanced Prostate Cancer (T3-4NOMO) 


Radical prostatectomy is only currently indicated for 
patients wit T3 disease. The benefit of long-term (i.e. > 6 
mo) neoadjuvant androgen ablation prior to surgery is 
currently being studied in clinical trials. Initial result with 
radical prostatectomy (Margin positive) compounded 


Fig. 151.22: Radiograph of the pelvis after brachytherapy 


with 3DCRT or IMRT is producing similar long term result 
with radical prostatectomy. 


Other options for T3 cancer prostate may be: 

e Watchful waiting: Because of the aggressive nature of 
these tumors, watchful waiting is an option only in 
highly selected patients with life expectancies of less 
than 5 years 

e External beam radiotherapy alone 

e Brachytherapy: If brachytherapy is used, it is often 
combined with external beam and hormonal therapy. 


Advanced or Metastatic Prostatic Cancer 


About 75% of metastatic prostate cancers are hormone 
sensitive. The average time for response to androgen 
deprivation is about 18 months; survival after second-line 
treatment varies from 6-10 months.” 
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Early Treatment 


Symptomatic patients with progressive disease, hormonal 
treatment is considered compulsory. Endocrine treatment 
has unwanted side effects with cardiovascular and 
reproductive system. The risk of spinal cord compression 
may be prevented by the endocrine manipulation in 
aggressive T3 prostate cancer.**° 


Androgen Deprivation 


Castration was the most effective method of androgen 
ablation following the original work of Hugginsin 
1940s.°*° The primary treatment for advanced prostate 
cancer has been to stop testicular androgen production. 
It can also be achieved by castration using estrogens 
such as diethylstilbestrol (DES) or more recently using 
antiandrogens and LHRH agonists (monthly or every three 
months). These treatment decreases the plasma level of 
testosterone by 95%. Androgen deprivation, however, is 
associated with numerous possible side effects. They may 
include decreased libido, impotence, hot flushes, anemia, 
hair loss, osteoporosis, fatigue, and psychological factors. 


Castration 


The castration is either carried out surgically by bilateral 
orchiectomy or medically by LHRH agonists such as 
triptoreline, leuproreline, busereline, and gosereline. 
Medical castration may induce a paradoxical effect usually 
described as a “flare-up” which is due to the temporary 
excess production of testosterone due to the effect of the 
LHRG agonist. This explains the need for antiandrogens 
that must be taken for two weeks before and after medical 
castration in order to avoid this flare-up effect. 


Estrogens 


The estrogens have been regarded as the gold standards in 
androgen blockade. It influences the pituitary axis, adrenal 
secretion, and 5-alpha-reductase activity. The estrogens 
played a very important role in hormonal therapy. It is 
important to remember that DES does have its severe 
drawbacks due to its cardiovascular toxicity. 

In a study of veterans, the benefits obtained from 5 
mg/d of DES appear to be countered by the reported side 
effects.” Use of lower doses of DES, even as low as 1 mg/d 
resulted in similar therapeutic benefits and reduced risk of 
cardio-toxicity in certain patients, even though it appears 
that the threshold dose of 3 mg/d is necessary to obtain 
total androgen blockade.™ 


Fosfestrol was introduced in France, is widely used for 
the treatment of prostate cancer. The estrogens can also 
be used in endocrine independent prostate cancer when 
other hormone is not working to prevent the progression 
of the disease. That is why the estrogens are grouped in the 
second line of endocrine therapy. 

Estramustine phosphate, another estrogen is which 
has the advantage of having both a hormonal steroidal 
component and a nitrogen mustard alkylating agent. 
Action of estramustine is the depolymerization of 
microtubules by interaction with tubulin and also it have 
a cytotoxic action by binding to the nuclear matrix.’ 


Antiandrogens 


Mechanism of action of the antiandrogens is to block 
the androgen receptors of the prostate cells. Two types 
of antiandrogens available: steroidal and non-steroidal 
antiandrogens and steroidal antiandrogens. 

Steroidal antiandrogens induce a decrease in plasma 
levels of testosterone by slowing the release of pituitary 
LH and by partial inhibition of 5-alpha-reductase. 
Steroidal antiandrogens include cyproterone acetate 
and megestrol acetate, which also block the cellular 
androgen receptors. 

Non-steroidal antiandrogens are more interesting 
from a clinical point of view because they are purely 
antiandrogens acting mainly by inhibiting competition 
with the fixation of DHT on the androgen receptors. 
Non-steroidal antiandrogens do not reduce, and may 
even increase, the plasma levels of testosterone and this 
may have an impact on the libido of the patients. The 
non-steroidal antiandrogens may include flutamide, 
nilutamide, and bicalutamide. 


Total Androgen Blockade 


The concept of total androgen blockade developed by 
Huggins in 1945, is based on the fact that the prostatic 
cells are androgen dependent and this is particularly so 
for dihydrotestosterone (DHT), a very active metabolite of 
testosterone. Production of this metabolite in the prostatic 
gland means that levels of androgen following castration 
vary between 20% and 40% of normal levels.” 

There are two pathways to bring about the 
transformation of testosterone into DHT. One route 
depends on the action of the enzyme 5-alpha-reductase 
that transforms testosterone into DHT. The other pathway 
involves the production of dehydroepiandrosterone by 
the adrenal glands which is converted to testosterone and 
then to DHT in the prostatic gland. 
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High-Intensity Focused Ultrasound 


The high-intensity focused ultrasound (HIFU) is an 
acoustic ablation technique that uses ultrasound waves to 
destroy prostate tissue (Fig. 151.23). Like cryotherapy, this 
is a transperineal procedure that does not involve ionizing 
energy (radiation). 

The HIFU has been available since 1993 in Canada, 
Europe, and Mexico but is not yet FDA-approved for use in 
the United States. The patients who undergo the procedure 
require a catheter for about 10 days after therapy. The goal 
is disease-free survival ifthe cancer is localized and even if 
the cancer has spread outside the confines of the prostatic 
capsule.® 


FOLLOW-UP OF PROSTATE CANCER PATIENTS 


Prostate cancer follow-up is not standardized; however, 
practitioners use general guidelines that are mainly 
derived from publications that report outcomes on various 
methods of treatment. 


Watchful Waiting and Androgen Ablation 


Digital rectal examination (DRE) and PSA test are 
performed every 3-12 months. Many experts believe that 
treating patients for metastatic disease with androgen 
ablation before they become symptomatic offers the 
potential for increased survival. Hence, bone scans are 
performed yearly in many patients. Otherwise yearly bone 
scans once the serum PSA level exceeds 40 ng/mL, which 
is associated with a significant probability of positive bone 
scan results. Biopsy of the prostate at 18-24 months to 


Fig. 151.23: The high-intensity focused ultrasound (HIFU) 


determine if the grade of the cancer has changed. If such 
a grade change occurs, some physicians and patients may 
consider more definitive therapy. 


Radical Prostatectomy 


Prostate-specific agent (PSA) testing is performed every 
3-4 months for the first 2 years, every 6 months for the 
third and fourth year, and yearly thereafter. Digital rectal 
examination has not been shown to offer any added 
advantage in the detection of local recurrence beyond PSA 
testing; hence, it is not routinely performed. 


External Beam Radiotherapy and Brachytherapy 


Digital rectal examination and PSA are performed every 
3-6 months for 5 years, then annually thereafter. Biopsy of 
the prostate at 18-24 months following treatment is also 
recommended by many authors. 


Biochemical Recurrence 


The biochemical recurrence (i.e. measurable PSA) 
is considered to have occurred following radical 
prostatectomy if the PSA level is greater than 0.2 ng/ 
mL or greater than the minimal detectable level of the 
assay. Biochemical recurrence may be indicated: (1) 
2-3 consecutive rises in the PSA level following a nadir 
(ASTRO definition); (2) nadir plus 2 rises in the PSA level; 
and (3) an absolute cutoff of 0.2, 0.5, or 1 ng/mL. If the 
PSA level begins doubling every 10-12 months or reaches 
a level of 20 ng/mL, imaging studies may be performed. 
Biochemical recurrence should prompt closer follow-up 
and consideration of alternate therapies. 

Imaging studies like bone scan, chest radiography, 
CT scanning of the abdomen and pelvis, transrectal 
ultrasound-guided rebiopsy of the prostate or prostatic 
fossa in patients treated with radical prostatectomy should 
be arranged. 

Estimation of prostate-specific membrane antigen 
is conjugated to the CYT-356 antibody and is used in 
immunoscintigraphy. It is labeled with indium (In)-111 
and is used to detect extra-prostatic spread. 

Prostascint scan is especially useful for identifying 
localized recurrence and lymphatic spread. 


Positron Emission Tomography Scan 


This is an imaging study that uses cancer metabolism to 
illuminate cancer spread to other organs. 
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MRI Spectroscopy 


This study combines anatomic information with metabolic 
activity to detect residual cancer in the gland. 


Salvage Therapy 


The patients who have PSA (biochemical) failure following 
radical prostatectomy and have no evidence of metastatic 
disease have the options of watchful waiting, radiotherapy, 
or hormonal ablation as salvage therapy. Choice of therapy 
depends on the timing of the recurrence (i.e. soon after 
surgery) and the rate of PSA level elevation. 

Patients who have PSA failure following radiation 
therapy have the options ofwatchful waiting, brachytherapy, 


prostatectomy, cystoprostatectomy, cryotherapy, and 
hormonal ablation. 
Intermittent hormone therapy and sequential 


blockade refers to cycles on androgen ablation and 
cycles off androgen ablation to keep the PSA level 
low and to minimize the adverse physical effects of 
androgen blockade. 

Use of docetaxel (Taxotere) as a chemotherapeutic 
agent has been effective in metastatic hormone-refractory 
prostate cancer. Researches evaluating the role of Taxotere 
earlier in the disease course are ongoing. 


CASTRATE-RESISTANT PROSTATE CANCER 


Advanced prostate cancer has been known under a 
number of names over the years, including hormone- 
resistant prostate cancer (HRPC) and androgen-insensitive 
prostate cancer (AIPC). Most recently, the terms CRPC 
or castration recurrent prostate cancer were introduced 
with the realization that intracrine/paracrine androgen 
production plays is significant in the resistant of prostate 
cancer cells to testosterone suppression therapy. 

Metastatic prostate cancer remains an incurable 
disease; substantial advances have been made in 
therapeutic options available for men in the past 
several years. 

Castrate-resistant prostate cancer (CRPC) is defined by 
disease progression despite androgen depletion therapy 
(ADT) and may present as either a continuous rise in serum 
prostate-specific antigen (PSA) levels, the progression of pre- 
existing disease, and/or the appearance of new metastases. 

All advanced PCAs become refractory to hormonal 
therapies. When progression occurs despite ADT, the 
disease is considered castration resistant with a traditional 
median survival of 18 months in metastatic patients using 
docetaxel-based therapies. 


There are several exciting advances in prostate cancer 
therapy for patients with metastatic, castrate-resistant 
prostate cancer. 

Androgens are the key regulators of cell growth and 
proliferation in prostate cancer. Androgen deprivation 
therapy is initially a highly effective therapy because of the 
induction of apoptosis. Persistent androgen receptor (AR) 
activation is an important mediator of disease progression 
in castrate-resistant prostate cancer (CRPC). 

There are multiple mechanisms by which this activation 
happens, including AR over expression, AR mutations 
that increase androgen sensitivity to or activation by 
other steroids, increased local androgen production by 
prostate cells via expression of steroidogenic enzymes, AR 
activation via crosstalk of signal transduction pathways 
(epidermal growth factor, insulin like growth factor, 
interleukin 6), modulated expression of coactivators or 
corepressors of AR, and proteolytic processing of AR to an 
androgen-independent isoform. 


First-line Systemic Chemotherapy 


Docetaxel and prednisone in combination are currently 
considered the standard of care for men with CRPC with 
detectable metastatic disease. This is based largely on the 
simultaneous publication of two large randomized con- 
trolled trials comparing this combination to the previously 
established standard of mitoxantrone and prednisone. 


Second-line Systemic Chemotherapy 


For now, mitoxantrone is considered the de facto second- 
line chemotherapy, but has limited activity and increased 
toxicity in this setting. 

Recently reported unpublished results using cabazitaxel 
compared to mitoxantrone in patients previously treated 
with docetaxel have shown a statistically significant survival 
advantage. 


Bone-targeted Therapy 


In men with CRPC and bone metastases, zoledronic acid 
(4 mg intravenously) every 3-4 weeks is recommended to 
prevent disease-related skeletal complications, including 
pathological fractures, spinal cord compression, surgery 
or radiation therapy to bone. 

Denosumab is a drug that inhibits bone turnover and 
has been studied, as indicated, to prevent bone metastases, 
to treat osteoporosis and to reduce the risk of skeletal- 
related complications from prostate cancer. 
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Abiraterone 


Abiraterone acetate is more potent than ketoconazole and 
a selective inhibitor of the 17-hydroxylase and the C17, 
20-lyase function of CYP17A is one of the key enzymes 
that builds testosterone from scratch. That works both in 
the adrenal gland to block one of the remaining sources 
of testosterone, but also in a paracrine/autocrine fashion 
given that prostate cancer can synthesize its own or use 
these to make testosterone from the serum. 

Radium 223 Alpharadin: Alpharadin is an alpha- 
emitting radiopharmaceutical, a relatively unique agent. 
It is similar to denosumab in that it targets disease in the 
bone but how it does so and what it does is dramatically 
different. It essentially delivers radiation therapy to sites 
of bone metastases. It is the first radio pharmaceutical to 
show, convincingly, real antitumor effect as measured by 
PSA decline and pain control. 


TAK-700 


TAK-700 is a novel, selective CYP450c17 inhibitor similar 
to abiraterone in its mechanism of reducing testosterone 
and dehydroepiandrosterone levels. In a phase I/II 
study of this compound in asymptomatic patients with 
metastatic CRPC, the drug was tolerated well at various 
doses, and there was a 50% decrease in 12 of 15 patients 
who were treated with 300 mg or more twice daily for 3 
months or longer. 


Cell Signaling Pathways 


Angiogenesis, the process of new blood vessel formation, 
is a crucial step in the propagation of malignant 
tumor growth and metastasis. Among the multiple 
proangiogenic factors that promote the process of vessel 
formation, vascular endo- thelial growth factor (VEGF) is 
one of the most important. Bevacizumab is a humanized 
monoclonal antibody directed against VEGF-A and causes 
potent inhibition of VEGF receptor (VEGFR) signaling 
and angiogenesis. Bevacizumab is approved for use 
in combination with chemotherapy for patients with 
metastatic colorectal, breast, and lung cancers. 


Sipuleucel-T 


The role of immunotherapy, including the 2010 FDA- 
approved sipuleucel-T, is also an important part of 
the treatment paradigm and one that would benefit 
from bio-marker identification. Sipuleucel-T is the first 
therapeutic cancer vaccine to gain FDA approval for 


patients with metastatic CRPC. The landmark phase 
III study of sipuleucel-T showed an overall survival 
benefit of 4.1 months; however, tumor response rates 
were minimal.” The study validated the efficacy of 
immunotherapy in prostate cancer and has led to an 
investigation of additional clinical trials of sipuleucel-T 
in prostate cancer. 

Advanced CRPC is a multifaceted problem and needs 
a multidisciplinary approach. Maintenance of quality of 
life and supportive care remains the priority. For patients 
with metastatic CRPC, docetaxel-based chemotherapy 
is recom- mended to improve survival and quality of 
life. Zoledronic acid is also recommended to reduce the 
risk of bone complications. There are other treatments 
presently under investigation that may soon add to the 
therapeutic options available. It is necessary to build on 
what is presently available to further improve the outcome 
in these poor-prognosis patients.” 


Complications of Prostate Cancer 
Retention of Urine 


Retention of urine may be secondary to urethral 
strictures, bladder outlet obstruction, or a blood clot. 
Placement of a 20-24F Foley catheters should be 
attempted. Urinary retention for long-term or malignant 
urinary obstruction due to untreated prostate cancer can 
lead to chronic renal failure, which manifests as uremic 
symptoms and an elevated serum creatinine level. The 
patients on watchful waiting protocols are at risk for this 
if they are not closely monitored. 


Hematuria 


Blood in urine may be manifested as a small element of 
prostate venous bleeding or it may lead to large clots. 
Hematuria is more common in patients who have 
undergone radiation therapy. 

Bladder irrigation should be carried out with copious 
amounts of normal saline to remove all clots. Use of 
sterile water is best because it helps to lyse the clot. But 
it should be used with care because absorption of the 
fluid may occur in situations in which prostatic venous 
channels are open. 

The incontinence may be due to bladder spasm or 
irritation is common immediately after various prostate 
treatments. When the patients have urinary catheters, 
oxybutynin, tolterodine, and opium suppositories, and 
phenazopyridine (pyridium) may be used to decrease 


symptoms. 
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Urethrorectal fistula may occur after surgery or 
radiation. The fistula may be managed with urinary and 
fecal diversion using appropriate protocols and services. 

The rectal bleeding and tenesmus are observed in 
patients treated with radiation. The bone pain due to 
metastatic disease requires narcotics, awareness of 
fractures, and, possibly, palliative radiation. These lesions 
tend to be blastic as well as lytic. 


Treatment of the Complications 


The prostatic bleeding may be treated with androgen 
ablation, ketoconazole, aminocaproic acid (Amicar), DES 
(Stilphostrol), and bisphosphonates. The bone pain due 
to metastatic disease requires narcotics, awareness of 
fractures, and, possibly, palliative radiation or strontium 
therapy. The ureteral obstruction due to lymphadenopathy 
may be treated with a ureteral stent or percutaneous 
nephrostomy. 


Outcome and Prognosis of Prostate Cancer 


Disease-specific Survival for Early-localized 
Disease at 10 Years 


Ranges of the disease-free 10-year survival rates for 
early localized disease listed below are wide because the 
outcomes of these treatments vary as a function of tumor 
aggressiveness (i.e. based on Gleason score and PSA 
level). Series from various institutions show significant 
differences. 

e The radical prostatectomy (80-95%) 

e The brachytherapy and external radiation (80-95%) 

e The watchful waiting (50-73%). 


Disease-specific Survival for Advance-localized 
Disease at 10 Years 


Disease-specific 10-year survival rate for advanced 
localized disease in patients treated with brachytherapy 
and external radiation is 40-62%. The survival benefits 
when comparing the different modalities used for 
treating localized prostate cancer remain controversial. 
The measurement of bound and free PSA will help 
discriminate between more aggressive and less 
aggressive cancers. 
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Testicular cancers are rare. It constitutes 1-2% of all 
malignancies in man. Before 1970 the mortality rate 
was more than 50%. But due to combination of effective 
diagnostic techniques, improved tumor markers, effective 
multidrug chemotherapeutic regimens and modification 
of surgical techniques the mortality rate come down to less 
than 5% in 1997. 

At present almost all patients with seminoma, 
early-stage teratomas and more than 80% patients with 
metastatic nonseminomatous germ cell tumors are cured 
of the disease. So testicular cancer is now regarded as one 
of the curable cancers. Cure rates for good risk disease are 
90-95%. There are approximately 190,265 men alive in the 
United States who had a history of cancer of the testis.!° 


EPIDEMIOLOGY 


Approximately 9,000 new cases are diagnosed in the 
United States each year. Highest incidence of testicular 
cancer is in Scandinavia (Denmark and Norway), 
Switzerland, Germany and New Zealand, intermediate in 
the United States and Great Britain low in Africa and Asia. 
According to surveillance, epidemiology, and end results 
(SEER) data from17 geographic areas, the age-adjusted 
annual incidence of testicular cancer from 2002-2006 
was 5.4 per 100,000 men. Studies published between 
1980 and 2002 showed a clear trend towards an increased 
testicular cancer incidence in the last 30 years in the 
majority of industrialized countries in North America, 
Europe and Oceania. 

Differences in incidence were seen between 
neighboring countries (2.5/100,000 cases in Finland versus 
9.2 cases in Denmark) as well as among regions with in the 
same country (2.8 to 7.9/100,000 within different areas of 
France and prevalence rates in Copenhagen were double 
those in rural Denmark). The increase in incidence was 
significantly associated with a birth cohort effect in the 
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United States and in European Countries. Substantial 
differences in the incidence and trends were observed 
among ethnic groups.'* 


Age Incidence (Table 152.1) 


But rarely testicular cancer can occur beyond 60 years and 
below 10 years of age. 


Racial Factor 


Testicular tumor is fivefold higher in American whites 
than American blacks, but 10 times that in African blacks. 
In Israel, jewish people have at least an eight-fold higher 
incidence of testicular cancer than non-Jewish people. 

Graham and Gibson (1972) presented data indicating 
a higher incidence among professional men. Mack and 
Henderson (1980) noted higher incidence in the upper 
and middle socioeconomic classes in United States. 


Genetic Factors 


Higher incidence of testicular cancer has been reported 
in twins, brothers and family member. One-third of all 
testicular cancer patients are genetically predisposed to 
disease, likely a homozygons (recessive) inheritance of a 
single predisposing gene. 

Patients with Klinefelter syndrome (47xxy) have 
higher incidence of germ cell tumor, particularly primary 


Table 152.1: Age incidence 


Yolk sac tumors 
Choriocarcinoma 
Embronal or teratocar- 
cinoma 

Seminoma 

Malignant lymphoma 


Infant and children 
20-30 years of age 
25-35 years of age 


30-40 years of age 
More than 50 years of age 
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mediastinal germ cell tumor. Patients with Down’s 
syndrome also are at increased risk for germ cell tumors 
(GCTs). Increased risks has also been reported in patients 
with cutaneous ichthyosis, Miillerian syndrome, androgen 
insensitivity syndrome (testicular feminization) and mixed 
gonadal dysgenesis. 

Genetic change was found in isochromosome of the 
short area of chromosome 12[i(12p)] was detected in the 
development of GCTs. A number of other genes that have a 
relatively weak effect are also involved in the development 
of testicular cancer.“ 

Malignant transformation of germ cells are the result 
of a multistep process of genetic changes. One of the 
earliest events is the increased copy number of 12p, either 
as 1 or more copies of i(12p) or as tandem duplications 
of chromosome area 12p. This abnormality is found in 
occult carcinoma in situ lesions as well as more advanced 
disease. Further studies indicate that CCND2 is present at 
chromosome band 12p 13 and that CCND2is overexpressed 
in most germ cell tumors, including carcinoma in situ. 
Amplification of CCND2 activates cdk4/6, allowing the cell 
to program through the G1-S check point. 

In carcinoma in situ two models have been proposed. 
The first posits that fetal genocytes whose development 
into spermatogonia is blocked many undergo abnormal 
cell division and then invasive growth mediated by 
postnatal and pubertal gonadotropin stimulation. 

The second model postulates that the most likely 
target cell for transformation is the zygotene pachytene 
spermatocytes. During this stage of germ cell development, 
abberant chromatid exchange events associated with 
crossing over can occur. Normally these cells are 
eliminatedly by apoptosis. On occasion, this crossing 
over may lead to increased 12p copy number and over 
expression of the cyclin D, gene (CCND2). The cell carrying 
this abnormality is relatively protected against apoptotic 
death because of the oncogenic effect of CCND2, leading 
to re-initiation of the cell cycle and genomic instability. 


Familial Factor 


First degree relatives have a higher risk of developing 
testicular cancer than the general population, although 
the incidence is low about 2% of testicular cancer patients 
have affected relative. Brothers are at particularly high- 
risk with relative risk of 8-10% fold. Among sons of 
affected men, 2-6 fold increase in testicular cancer have 
been reported. 


Side 


Testicular tumor is more common in the right side than 
in the left. Two to three percent tumors are bilateral. If 
secondary tumors are excluded, the incidence of bilateral 
tumors is between 1% and 2.8%. Bilateral seminomas are 
comparatively more common than nonseminomas. 


Frequency of Histological Type 


Ninety to ninety-five percent of all primary testicular mali- 
gnancies are germinal tumors. Nongerminal neoplasm’s 
are 5-10% (Figs 152.1 to 152.5). 


Fig. 152.1: Radical orchiectomy specimen of testicular cancer 


Fig. 152.2: Seminoma of testis 
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WHO CLASSIFICATION OF TESTICULAR TUMORS 


e Germ cell tumors 
— Precursor lesions: Intratubulars malignant germ 
cells (Carcinoma in situ) 
— Tumors of one histological type (pure forms) 

- Seminoma 
Variant:Seminomawithsyncytiotrophoblastic 
cells 

- Spermatocytic seminoma 
Variant: Spermtocytic seminoma with 
sarcoma 

- Embryonal carcinoma 

- Yolk sac tumor 

- Polyembryoma 

- Trophoblastic tumor 
Choriocarcinoma 
Choriocarcinoma with other cell types 
Placental site trophoblastic tumor 

- Teratoma 
Mature teratoma 
Dermoid cyst 
Immature teratoma 
Teratoma with malignant areas 

— Tumors of more than one histological type 

(mixed forms) 

- Embryonal carcinoma and teratoma with or 

without seminoma 

- Embryonal carcinoma and yolk sac tumor with 

or without seminoma 

- Embryonal carcinoma and seminoma 

- Yolk sac tumor and teratoma with or without 

seminoma 

- Choriocarcinoma and other element. 

e Sexcord 
— Pure forms 

- Leydig's cell tumor 

- Sertoli cell tumor 
Large cell calcifying sertoli’s cell tumor 
Lipid rich sertoli's cell tumor 

— Granulose cell tumor 
- Adult type 
- Juvenile type 

— Tumors of the coma/fibroma group 

— Incompletely differentiated sex cord/gonadal 
stromal tumors 

— Mixed forms 

e Unclassified forms 


Fig. 152.4: Macroscopic aspect of teratoma, with irregular zones 
of necrotic and hemorrhagic zones are observed 
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Tumors containing both germ cell and sex cord/ 

gonadal stromal elements 

— Gonadoblastoma 

— Mixed germ cell sex cord/gonadal stromal tumors, 
unclassified 

Miscellaneous tumors 

— Carcinoid tumors 

— Tumors of ovarian epithelial types 

Lymphoid and hematopoitic tumors 

— Lymphoma 

— Plasmacytoma 

— Leukemia 

Tumors of collecting ducts and rete testis 

— Admonia 

— Carcinoma 

Tumors of the tunica, epididymis, spermatic cord, 

supporting structures and appendices 

— Adenomatoid tumor 

Mesothelioma 

- Benign 

- Malignant 

Adenoma 

Carcinoma 

Melanotic neuroectodermal 

— Desmoplastic small round cell tumor 

Soft tissue tumors 

Unclassified tumors 

Secondary tumors 

Tumor like lesions 

— Nodules of immature tubules 

— Testicular lesions of adrenogenital syndrome 

— Testicular lesions of Androgen-insensitivity syndrome 

— Nodular precocious maturation 

— Specific orchitis 

— Nonspecific orchitis 

— Granulomatous orchitis 

— Malakoplakia 

— Adrenal cortical rests 

— Fibromatous peritonits 

— Funiculitis 

— Residue of meconium peritonitis 

— Sperm granuloma 

— Vasitis nodosa 

— Sclerosing lipogranuloma 

— Goradal splenic fusion 

— Mesonephric remnants 

— Endometriosis 

— Cystic dysplasia 

— Mesothelial cyst 

— Others 


Histological classification by "Testicular Tumor Panel of 
Great Britain" (the corresponding American terminology 
is indicated in parentheses) 
e Seminoma 
e Teratoma 

— TD: Teratoma differentiated (Teratoma) 


-— MTI: Malignant teratoma intermediated 
(Teratocarcinoma) 

— MTU: Malignant teratoma undifferentiated 
(Embryonal carcinoma) 

— MTT: Malignant teratoma trophoblastic 
(Choriocarcinoma) 


e Combined tumor: Combination of seminoma and 
teratoma. 
Of 3,196 tumors analyzed by the panel between 1958 
and 1973, 39.5% were seminomas, 31.7% teratomas and 
13.5% combined tumors.*® 


ETIOLOGICAL FACTORS IN TESTICULAR TUMOR 
Congenital Cause 


Cryptorchidism 


Seven to ten percent of the testicular tumors have prior 
history of cryptorchidism. The chance of developing 
cancer in cryptorchid testis is 3-14 times more than the 
normally descended testis. Fifty percent of the testicular 
tumor in cryptorchid testis were abdominal testis. So, 
abdominal testis has higher chance of developing cancer 
than other maldescended testis. Five to ten percent of 
the patients with unilateral maldescended testis develop 
tumor in contralateral normally descended testis. The 
probable contributing factors for developing testicular 
cancer in cryptorchid testis are: 
e Abnormal germ cell morphology 
e Increased temperature 
e Interference with blood supply 
e Endocrine dysfunctions 
e Gonadal dysgenesis 

Does orchidopexy help in reducing the chance of 
developing testicular cancer is questionable? Some 
workers say that the chance is lower if orchidoplexy is 
done below 6 years of age. But others say that the age of 
treatment has no effect in the risk of cancer formation. 


Acquired Causes 


e Prenatal hormone therapy: 2.8-5.3% testicular tumors 
were found in male child of diethylstilbestrol treated 
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mothers. The cause may be maldescent and dysgenesis 

of the testis in the off-spring. 

e Atrophy: Nonspecific or mumps associated atrophy of 
the testis has been suggested as a potential causative 
factor in testicular cancer. When atrophic testis 
suddenly increases in size there is high chance of 
malignant change. It is speculated that the cause may 
be local hormonal imbalance due to atrophy. 

e Prenatal radiation: Risk of testicular tumor may be 
higher in males prenatally exposed to radiation. 

e Infertility: Walsh et al. have reported that men with 
male factor infertility are nearly, three times more likely 
to develop subsequent testicular cancer. Intratubular 
germ cell neoplasia (testicular carcinoma in situ) has 
been found in 0.4-1.1% on men undergoing testicular 
biopsy because of infertility. 

Local trauma, recurrent actively such as horse back 
or motorcycle riding have not been associated with 
increased risk of testicular cancer. Rather trauma prompts 
medical evaluation. 


Mortality/Morbidity 


Testicular tumors are highly curable, ever in patients with 
metastatic disease at diagnosis. The prognosis depends 
upon the histological type of cancer (seminoma versus 
nonseminoma), stage, and other features such as tumor 
marker and type of metastatic disease. 

Patient with seminoma that confers a good prognosis 
which constitute about 90% of seminomas, have a 
5-year survival of 86%. Patients with good prognosis 
nonseminomas (56% nonseminomas) have 5 years 
survival of 92% with intermediate prognosis cancers 
(28% of nonseminomas). Five years survival is 72% with 
seminomas and 80% with nonseminomas. Poor-Prognosis 
nonseminomas (about 16% of nonseminomas) 5 years 
survival is 48%. 

Those survival data are based on patients treated 
between 1975 and 1990; more resent studies has shown 
much better survival with nonseminomatous germ cell 
tumors (NSGCT). Pooled 5 years survival estimates for 
NSGCT were 94% for good prognosis, 83% for intermediate 
prognosis, and 71% for poor prognosis tumors. 


Clinical Presentation 
Localized Disease (Without Metastasis) 


Painless swelling or nodule of one testis is the most 
common presenting symptoms. On physical examination, 
the testis is solid, hard, heavy and nontender. Secondary 


hydrocele may be present. Thirty to forty percent patients 
may have dull ache, heavy sensation in lower abdomen, 
anal area and scrotum. Ten percent may present with 
acute pain associated with epididymo-orchitis or 
hematuria. Five percent may present with gynecomastia 
particularly in choriocarcinoma embryonal carcinoma, 
teratocarcinoma due to increased production of human 
chorionic gonadotropin (hCG). Marked over production of 
hCG can develop hyperthyroidism since hCG and thyroid 
stimulating hormone have a common alpha-subunit and 
a beta-subunit with considerable homology. If carcinoma 
occurs in abdominal testis, patient may present with lower 
abdominal lump with absent of testis in scrotum. 


Metastatic Disease (With Metastasis) 


Disseminated disease have symptoms of lymphatic or 
hematogenous spread. Patient may present with palpable 
para-aortic lymph node (LN) or supraclavicular LN. In case 
of bulky retroperitoneal LN metastasis or bony metastasis 
(rare) patient will complain of back pain, iflung metastasis, 
may present with cough, dyspnea, hemophysis. If there 
is hepatic metastasis, there may be nausea, vomiting, 
jaundice and ascites. Rarely patients present neurological 
symptoms due to CNS involvement. Unilateral or bilateral 
lower extremity swelling may be present in iliac or caval 
venous obstruction or thrombosis. 


Differential Diagnosis 


e Epididymitis 

e Testicular torsion 

e Spermatocele 

e Hydrocele (tense) 

e Hernia (obstructed) 
e Lymphoma 

e Syphilitic gumma 

e Hematoma 

e Varicocele 


INVESTIGATIONS 


Ultrasonography (USG) 


Ultrasound can distinguish intrinsic from extrinsic 
testicular lesion and can identify masses within 
testis. Seminomas appear as well defined hypoechoic 
lesion without cystic area, while NSGCTs are typically 
nonhomogenous hypercehoic lesions with calcifications, 
cystic areas and indistinct margin. It is not reliable in local 
tumor staging. 
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Tumor Markers 


Serum Alpha-Fetoprotein 


It is produced by yolk sac element. Serum half life is 4-5 
days reference adult concentration is less than 10 mg/mL. 
Concentration above 10,000 mg/mL are seen exclusively 
is germ cell tumor and hepatocellular carcinoma. It 
is elevated in teratoma but never increases in pure 
seminoma and choriocarcinoma. It may also be elevated 
in patients with hepatic dysfunction, hepatitis, cirrhosis, 
drug or alchohol abuse. 


Beta-Human Chorionic Gonadotropin 


Itis produced by trophoblast. Serum half-life is 18-36 hour. 
Serum beta-human chorionic gonadotropin (f-hCG) 
concentrations about 10,000 miu/mL are seen exclusively 
is germ cell tumor. It is elevated in 100% choriocarcinoma, 
40-60% embryonal carcinoma and 5-10% pure seminoma. 
It may also be elevated in trophoblastic differentiation of 
lung or gastric primary carcinoma, hypogonadism and 
even in marijuana. 


Lactate/Lactic Acid Dehydrogenase 


Lactate/lactic acid dehydrogenase (LDH) elevated in 
60-80% of pure seminoma and 60% in nonseminomatous 
tumor. It has more prognostic value. Increased 
level reflects tumor burden, growth rate and cellular 
proliferation. It is useful as a marker for ‘bulk’ tissue. Its 
high level is detectable in smooth, cardiac, skeletal muscle, 
liver, kidney and brain. So LDH is not a sensitive or special 
indicator of disease recurrence and therefore is not a 
useful serum marker for post-treatment surocillance.® 


Placental Alkaline Phosphatase 


Placental alkaline phosphatase (PLAP) increases in 100% 
advanced seminoma. 


Gamma-Glutamy! Transpeptidase 


Gamma-glutamyl transpeptidase (y-GTP) is found to 
be elevated in 30% seminoma. So, it is found that AFP 
and/or beta-hCG are elevated in approximately 80-85% 
patients with NSGCTs. In case of seminoma there is no 
reliable tumor marker. Though these tumor markers are 
found to be elevated in other conditions, still estimation 
of the markers is mandatory prior to diagnosis and 
treatment of testicular cancer. Tumor markers have 
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important prognostic value in determining survival of 
patients with GCTs.° 


Fine Needle Aspiration Cystology (FNAC) 


Percutaneous biopsy of a testicular mass has no role in 
patients with possible testicular cancer. This procedure 
may alter the lymphatic drainage of the tumor potentially 
resulting in spillage of the tumor cells and mentostasis to 
atypical sites. 


Chest Radiography Imaging 


A posteroanterior and lateral chest X-ray are requested to 
see chest metastasis. 

Chest computed tomography (CT) is recommended if 
the chest X-ray is abnormal or if metastatic disease in the 
thorax is strongly suspected clinically. 


CT/MRI/PET 


Computed tomography (CT) scan has replacedintravenous 
urography (IVU) and pedal lymphangiography as the 
procedure of choice for valuation of the retroperitoneum. 
CT scan can identity lymph node deposits less than 2 
cm is the para-aortic region even alone the curs of the 
diaphragm and retroperitoneum. 

Magnetic resonance imaging (MRI) offers no advantage 
over CT for imaging and staging of retroperitoneum. 
Rather, MRI of the brain and a bone scan an performed if 
brain and bone metastasis are suspected. 

Positron emission tomography (PET) has no apparent 
advantage over CT for evaluation of retroperitoneum. 
However, PET scanning is gaining a significant adjunctive 
role in the evaluation of post-therapy residual masses. 


Orchidectomy 


Removal of the affected testis via an inguinal approach 
(radical orchidectomy) (Fig. 152.1) remains the definitive 
procedure for pathological diagnosis as well as local 
treatment of testicular neoplasm. 

Ideally, the surgical approach should be through a 
standard or skin crease inguinal incision. The spermatic 
cord is mobilized and a soft clamp is applied at the level 
of deep ring and then the testis is mobilized out of the 
scrotum gently if diagnosis is confirm orchidectomy to 
be done. If diagnosis is doubtful then the testis is bisected 
longitudinally and biopsy is taken from suspicious area for 
histopathological confirmation by frozen section method 
(Chevassu maneuver). 
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The tunica albuginea contain the tumor locally within 
the testis and acts as a barrier for spreading the tumor 
to scrotum. Once this local defense is breached, scrotal 
recurrence may occur and that needs scrotal radiation and 
risk of sterility is high. So temptation to needle the scrotum 
or to do transcrotal biopsy should be resisted. 

But new observations suggest that if the tunica 
albuginea has not been opened there is no increased risk 
of scrotal dissemination and propensity of testicular GCTs 
to spread locally after scrotal interference is low. 


STAGING OF TESTICULAR TUMOR 


There are different staging systems as follows: 
e Royal Marsden Hospital System 

— Stage I: Tumor confined to testis. No evidence of 
metastasis. 

— Stage II: Metastasis confined to LNs below 
diaphragm (abdominal LN involvement) divided 
into three subgroups: 

- Maximum diameter of metastases less than 2 cm 
- Maximum diameter of metastases 2-5 cm 
- Maximum diameter of metastases more than 5 
cm. 
e Stage II: Involvement of supra and infradiaphragmatic 
LNs. No extralymphatic 
— Metastasis, abdominal status: A, B, C as for stage II. 
e Stage IV: Extralymphatic metastasis. Suffix as fellows: 
O-lymphogram negative. A, B, C as for stage II. 


Lung Status 


e L1: Less than three metastasis 
e 12: Multiple less than 2 cm maximum diameter 
e L3: Multiple more than 1 cm diameter 


Liver Status 


e H+=Liver involvement 
e Tumor, nodes and metastases (TNM) classification 
of the American Joint Committee on Cancer (AJCC) 
(1996) and the International Union Against Cancer 
— T: Primary tumor (pT); the extent of primary tumor 
is classified after radical orchidectomy 
— pTx: Primary tumor cannot be assessed (if radical 
orchidectomy has not been performed) 
— pTO: No evidence of primary tumor (e.g. histological 
scar in tissue) 
— pTls: Intratubular germ cell neoplasia (carcinoma 
situ) 


— pT1: Tumor limited to the testis and epididymis or 
tumor involves the tunica albuginea but not tunica 
virginals and no vascular/lymphatic invasion 

— pT2: Tumor limited to the testis and with vascular/ 
lymphatic invasion or tumor extends beyond tunica 
albumens with involvement of tunica virginals 

— pT3: Tumor invading spermatic cord with or 
without vascular/lymphatic invasion 

— pT4: Tumor invading scrotum with or without 

vascular/lymphatic invasion 

: Regional LN; clinical (N) or pathological (pN) 

— Nxor PNx: Regional nodes cannot be assessed 

— NO0 or pNO: No regional LN metastasis 

— N1 or pN1: Metastasis with a LN mass 2 cm or 
less or multiple LNs; more than 2 cm in greatest 
dimension 

— N2 or pN2: Metastasis with a LN mass more than 
2 cm but not more than 5 cm or multiple LNs, any 
one greater than 2 cm but not more than 5 cm in 
greatest dimension 

— N3or pN3: Metastases with a LN more than 5 cm in 
greatest dimension 

e M: 

— MO: No evidence of distant metastases 
— M1: Nonregional nodal or pulmonary metastases 
— M2: Nonpulmonary visceral masses. 


Testis Sparing Approach 


In the recent past the management of testicular tumors 
has evolved in favor of a testis-sparing approach in 
selected cases, both in the adult and pediatric population. 
The widespread use of high-frequency testicular 
ultrasound has led to detecting an increasing number of 
asymptomatic, non-palpable, small-volume masses. A 
higher proportion of testicular lesions of benign nature 
than previously reported have now been documented 
(Figs 152.6 to 152.9). 

The high accuracy of frozen section examination 
and the increasing interest in the potential functional, 
psychological and cosmetic advantages related to 
preserved testicular parenchyma are other arguments 
currently favoring the adoption of an organ-sparing 
policy for most testicular masses. Greater experience has 
been gained in also managing conservatively malignant 
tumors. Patients with germ-cell cancer in solitary testis 
or bilateral tumors can be submitted to testis-sparing 
surgery, provided that the maximum size of the lesion is 
<2 cm, preoperative testosterone is normal and adjuvant 
radiotherapy of the residual parenchyma is delivered. 
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Fig. 152.9: Repair of testis is completed 


Fig. 152.6: Testis sparing surgery in progress 


Cancer-specific survival is excellent, local recurrence 
rate very low and androgen supplementation unlikely 
(Fig. 152.9). 


Stage 0: pTis, NO, MO, SO 
Stage I: T1-T4, NO, MO, SO 
e TIa: T1, NO, MO, SO 
e Ib: T2, NO, MO, SO 
— T3, NO, MO, SO 
— T4, NO, MO, SO 
e Is: Any T, NO, MO, S1-3 
Stage II: Any T, Any N, MO, Sx 
e Ila: Any T, N1, MO, SO 
— Any T, N1, MO, S1 
e IIb: Any T, N2, MO, SO 
— Any T, N2, MO, S1 
e Ilc: Any T, N3, MO, SO 
— Any T, N3, MO, S1 
Stage IIT: Any T, Any N, M1, Sx 
e IIa: Any T, Any N, M1, SO 
— AnyT, AnyN, M1, S1 
e IIIb: Any T, Any N, MO, S2 
— AnyT, Any N, M1, S2 
e IIIc: Any T, Any N, MO, S3 
— AnyT, Any N, Mla, S3 
— AnyT, Any N, M1b, Any S. 


Fig. 152.7: Testicular tumor is removed 


Testicular cancers are curable even in the presence of 
Fig. 152.8: Repair of testis is in progress metastatic disease. If the cancer progresses or recurs 
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despite initial chemotherapy, these patients are candidates 
for salvage therapy. Nonseminoma is more aggressive 
than seminoma. When the elements of both seminoma 
and nonseminoma are present or the AFP concentration 
is elevated, the tumor should be treated as nonseminoma. 


Seminoma 


Seminoma tends to grow more slowly than nonseminoma 
and has a very high cure rate. Options after radical 
orchidectomy include active surveillance in selected 
cases, adjuvant radiation therapy and chemotherapy. 


Good Risk Seminoma 

e Any primary site and 

e Nononpulmonary visceral metastases and 
e Normal AFP, any hCG, any LDH. 


Intermediate Risk Seminoma 


e Any primary site and 
e Nonpulmonary visceral metastases and 
e Normal AFP, any hCG, any LDH. 


Poor Risk Seminoma 


No patients are classified as poor prognosis. 


Stage la Ib (T1-T3, NO, MO, SO) 
Active Surveillance 


Cure rate of seminoma stage I is almost 100%, whichever 
approach is selected after orchidectomy. So surveillance 
has rarely been offered to patients with clinical stage I 
seminoma. More recently convincing data from long-term 
studies indicate that patients with seminoma treated with 
radiation therapy have an increased risk of developing a 
secondary malignancy. This factor is now an important 
reason for recommending surveillance in some patients 
with seminoma stage I. In a nationwide Danish study 
involving 261 patients of surveillance series showed 4 
years recurrence rate was 6% for tumors less than 3 cm, 
18% for tumors 3-6 cm, 36% for tumors more than 6 cm. 
Other study reported that vascular invasion increases the 
risk for failure in stage I seminoma patients. 

Therefore it seems appropriate for patients with tumors 
less than 6 cm in diameter, absence of vascular invasion 
and normal beta-hCG (low stage) may be given the option 
of surveillance. 

Surveillance consists of a history and physical 
examination and measurement of AFP and hCG every 3-4 


months for the first 3 years, every 6 months for 4-7 years, 
then annually up to 10 years. A CT scan of the abdomen 
and pelvis is recommended at each visit and a chest X-ray 
at alternate visits. It is essential that patients maintain strict 
adherence to the surveillance program for at least 10 years. 


Adjuvant Radiation Therapy 


Nowadays most centers administer 20-30 Gy (average 25 
Gy) to infradiaphragmatic para-aortic lymph node and in 
some cases ipsilateral ileoinguinal nodes. Effectiveness 
of radiation therapy for stage I seminoma has been 
confirmed by numerous studies reporting 5 years survival 
rates in excess of 95%. 


Adjuvant Chemotherapy 


Single dose carboplatin was evaluated by several studies. 
In a randomized study in 1,477 patients, after a median 
follow-up of 4 years there was no difference in relapse free 
survival between patients receiving radiation therapy. Five 
years follow-up in 1,148 patients from this trial showed 
relapse free rates of 96% for radiation arm and 94.7% for 
the carboplatin arm. Before this approach can generally 
be adopted; however further study is necessary. In this 
regard the Medical Research Council (MRC) is presently 
conducting a phase III trial comparing carboplatin and 
standard retroperitoneal irradiation in stage I seminoma. 


Stage Is (Any pT/Tx, NO, MO, S1-3) 


Adjuvant radiation therapy, 20-30 Gy is administered to 
the infradiaphragmatic area, including para-aortic LNs, 
with or without ipsilateral LNs. 


Stage Ila and IIb 


After radical orchidectomy further treatmentin these stages 
is either adjuvant radiation therapy or chemotherapy. 

Radiation therapy: 35-40 Gy is administered to the 
infradiaphragmatic area, including the para-aortic 
and ipsilateral iliac LNs. Mediastinal radiation is not 
recommmended. 

Adjuvant chemotherapy: Four courses of chemotherapy 
with etoposide and cisplatin (EP) is given. 


Stage Ilc and Stage III (Advanced Seminoma) 


As relapse rate is high after radiation therapy in advanced 
seminoma, so nowadays cisplatin based chemotherapy 
was found to be effective. Stage IIc and III can be 
categorized as good risk or intermediate risk. 
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¢ Good risk seminoma stage IIc and III: Either four 
cycles of EP or three cycles of bleomycin, etoposide 
and cisplatin (BEP). 

e Intermediate risk seminoma stage IIc and II: Four 
cycles of BEP. 

e Post-treatment follow-up of advanced seminoma: 
Surveillance include CT scan of the chest, abdomen 
including pelvis with serum marker assay are to be 
done. If no disease surveillance is recommended. 

e Residual mass with normal marker: In seminoma, 
the residual mass that remain after chemotherapy is 
usually fibrotic and does not require retroperitoneal 
lymph node dissection (RPLND). But if the residual 
mass is distinct and more than 3 cm diameter, needs 
resection. 

e *Progressive disease with a growing mass or rising 
marker levels: Salvage chemotherapy is recommended. 


Nonseminoma 


Risk stratification of nonseminoma: 


Good Risk 


e Testicular or retroperitoneal primary tumor and 
e Nonnonpulmonary visceral metastases and 
e Good markers; all of 
— AFP less than 1,000 ng/mL and 
— hCH less than 5,000 IU/mL and 
— Lactate dehydrogenase, 1.5 times the upper limit 
of normal. 


Intermediate Risk 


e ‘Testicular or retroperitoneal primary tumor and 
e Nonnonpulmonary visceral metastases and 
e Intermediate markers; any of 
— AFP 1,000 to 10,000 ng/mL or 
— hCG 5,000 IU/mL to 50,000 IU/mL 
— Lactate/lactic acid dehydrogenase 1.5-10 times the 
upper limit of normal. 


Poor Risk 


e Mediastinal primary, or 
e Nonpulmonary visceral metastases, or 
e Poor markers; any of 
— AFP more than10,000 ng/mL 
— hCG more than 50,000 IU/mL (1000 ng/mL) or 
— Lactate/lactic acid dehydrogenase more than 10 
times the upper limit of normal. 


Stage la 


Active surveillance for compliant patients: Surveillance 
includes history, physical examination, blood cell counts, 
X-ray chest, tumor marker estimation and LFT. 
e Every 1 month for Ist year 
e Every 2 months for 2nd year 
e Every 3 months for 3rd year 
e CT scan to be done every 2-3 months for Ist year and 
every 3-4 months for 2nd year. 
For noncompliant patients: RPLND to be done within 
4 weeks of CT scan. If RPLND results are negative—no 
adjuvant therapy, of RPLND results are positive—adjuvant 
chemotherapy. Cisplatin based chemotherapy is adviced. 


Stage Ib 


Options are open nerve sparing RPLND, chemotherapy 
with BEP for two cycles or active surveillance for compliant 
patients who have T2 disease without any vascular invasion. 


Stage Is 


If persistent tumor marker elevation is present without any 
abnormality in imaging studies, chemotherapy with EP for 
four cycles or BEP for three cycles is recommended. 


Stage Ila (With Normal Tumor Marker) 


Treatment options are open RPLND or chemotherapy by 
EP four cycles or BEP three cycles. 


Stage lla (With Persistently Elevated 
Tumor Markers) 


Chemotherapy as in stage Ila, stage I and stage Ila are 
considered as low stage nonseminomas. 


Stage Ilb (With Normal Tumor Marker and 
LN Metastasis within Lymphatic Drainage Site 
by CT Scan) 


Open RPLND or chemotherapy by either EP for four cycles 
or BEP for three cycles. 


Stage Ilb (With Normal Tumor Markers and 
Multifocal Symptomatic LN Metastases with 
Aberrant Lymphatic Drainage by CT Scan) 


Chemotherapy by either EP for four cycles or BEP for three 
cycles. 
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Stage llb (With Persistently Elevated 
Tumor Markers) 


Chemotherapy with EP for four cycles or BEP for three 
cycles. 


Stage llc, Stage Illa, b, c 


These patients are treated with the regimen choice based 

on risk status. 

e Stage IIc and IIa (Low risk or good risk): Chemotherapy 
with four cycles of EP or three cycles of BEP. Results 
with two regimens are equivalent and cure rate is 95%. 

e Stage IIIb (Intermediate risk): Chemotherapy with four 
cycles of BEP. Cure rate is 60-70%. 

e Stage IIIb (Poor risk): Chemotherapy with four cycles 
of BEP. Response rate is 50%. Patients who cannot 
tolerate BEP because of pneumonitis from bleomycin, 
cisplatin are recommended. 


Brain Metastasis 


Primary chemotherapy plus radiation and surgery should 
be performed, if clinically indicated. 


Management of Postchemotherapy Residual 
Mass in Advanced Nonseminoma 


If there is residual mass 4-6 weeks after chemotherapy and 
tumor markers level is normal, then there is indication for 
resection of residual mass. But if markers are elevated 
further surgery is contraindicated. 

If residual embryonal, yolk sac, choriocarcinoma 
or seminoma elements are present, the patient should 
receive two cycles of chemotherapy with EPTIP (etoposide, 
cisplatin, paclitaxel, ifosfamide and cisplatin), VIP or VeIP 
(vinblastin, ifosfamide, mesna, cisplatin). Patients who do 
not have a complete response to chemotherapy and/or 
whose disease cannot be resected should receive salvage 
chemotherapy. 


Effects on Fertility 


Testicular tumor decreases spermatogenesis (subfertility) 
in 52-77% of all patients at diagnosis. Spermatozoa 
are lessened in quality and quantity. Berthelsen and 
Skakkebaek have shown impaired spermatogenesis in 
the contralateral normal testis by testicular biopsy. In the 
affected testis, impaired spermatogenesis was particularly 
pronounced adjacent to tumor regardless of tumor type. 
Abnormal spermatogenesis was observed in distant area. 


Embryonal carcinoma exhibited a significantly 
greater degree of impairment than seminoma. ‘The exact 
mechanism of impaired spermatogenesis is unclear. But 
this impairment may result from the following factors: 

e Tumor compression or invasion of the seminiferous 
tubule 

e Increased scrotal and testicular temperature 

e Factors produced by the tumor such as AFP, hCG, 

tumor necrotic factors, interleukin I. 

After orchidectomy of the affected tumor side, 
spermatogenesis was found to increase. Moreover, during 
treatment after radiation therapy, and chemotherapy 
sperm count falls. 45-55% of testicular tumor patients 
have azoospermia or oligospermia at or beyond 2 years 
after therapy. So, patients having testicular tumor, 
wants to preserve fertility should be offered semen 
cryopreservation and sperm banking before the start 
of therapy. This is more applicable for those who have 
bilateral tumors. An increased rate of fetal malformations 
has not been reported in the subsequent offspring of men 
who have retained fertility after treatment for testicular 
cancer.’ 


Retroperitoneal Lymph Node Dissection 


Retroperitoneal LN dissection, commonly referred to 
as RPLND, is a procedure to remove abdominal LNs to 
treat testicular cancer, as well as help in establish its exact 
stage and type. It is usually performed using an incision 
that extends from the sternum to several inches below 
the navel. While laparoscopic methods may be used, they 
have been considered less effective by some surgeons. 

Testicular cancer spreads in a well-known pattern, 
and the LNs in the retroperitoneum are a primary landing 
site during spread of the disease. Examining the removed 
lymphatic tissue will determine the extent of spread of any 
malignant disease and if no malignant tissue is found, the 
cancer may be more accurately considered as a stage I 
cancer, limited to the testis. 

The procedure is becoming standard treatment for 
clinical stage I and II nonseminomatous germ cell tumors 
(NSGCTs) because of the low mortality and relapse rate 
with this procedure, as compared with the alternative, 
which is observation. Also, NSGCTs is considered more 
aggressive than seminomas, the “other” kind of testicular 
cancer. Seminomas are also much more sensitive to 
radiation than NSGCTs’s, so the noninvasive radiation 
treatment is often preferred over RPLND.* 

The potential problemsin RPLND have mostly to dowith 
nerves. Sympathetic nerves running parallel to the spinal 
cord may be damaged or severed during the procedure, 
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which can result in infertility, an inability to ejaculate or 
the inability to have an erection. This is why most often, 
a nerve-sparing technique is used where possible. A less 
invasive form using laparoscopic techniques (L-RPLND) 
exists, which is more costly, time-consuming, and requires 
special equipment that not every hospital may have. Open 
RPLND (O-RPLND), which is performed by opening the 
abdomen to get inside, has more room for problems, but is 
an equally effective way to remove the LNs. Disadvantages 
of an open RPLND includes longer recovery time, 
sometimes with physiotherapy required to help the 
patient regain the ability to walk after being bed-bound. 
As with any major surgery, infection is a possibility, and 
bowel obstructions and adhesions are another possible 
side effect.*" 

There are different schools of thought about the need 
to perform RPLND after orchiectomy, and it depends on 
the type of tumor, and what stage it is in. Most American 
Doctors recommend surgery, whereas in Europe, 
chemotherapy is more often used. An RPLND may be 
performed to remove non-malignant tumor remnants 
which persist after chemotherapy; without further 
treatment these may once more become malignant, and 
may be resistant to the combination of chemotherapy 
previously used.° 

Chemotherapy before RPLND is considered an 
effective approach, because it is possible that it suffices 
and no relapse occurs. However, in the event that the 
cancer does recur, chemotherapy can complicate surgery. 


CHEMOTHERAPY REGIMENS 


Chemotherapy regimens for testicular cancers are divided 
into initial and salvage chemotherapy, according to tumor 
stage, status, and risk stratification. "° 


Initial Chemotherapy Regimens 


e Carboplatin (for stage I seminoma) 
— Carboplatin AUC 7 x 1 cycle or 2 cycles 
e Bleomycin, etoposide and cisplatin (5 day schedule) 
— Bleomycin 30 U or 30 mg IV bolus day 1, 8, 15 or 
day 2, 9, 16 
— Etoposide (VP-16) 100 mg/m? per day IV for five 
days 
— Cisplatin (CDDP) 20 mg/m’ per day IV for five days 
— This regimen is administered for 3-4 cycles at 
21-day intervals 
e Etoposide and cisplatin 
— Etoposide (VP-16) 100 mg/m? per day IV daily for 
five days 


— Cisplatin (CDDP) 20 mg/m’ per day IV daily for five 
days 
— This regimen is administered for four cycles at 
21-day intervals 
e VIP (for patients with underlying lung disease) 
— Etoposide (VP-16) 75 mg/m’ per day IV daily for 
five days 
— Ifosfamide 1.2 g/m’ per day IV daily for five days 
— Cisplatin (CDDP) 20 mg/m’ per day IV for days one 
through five 
— Mesna 120 mg/m? slow IV bolus is given before 
ifosfamide day one, followed by 1,200 mg/m? per 
day continuous infusion on days one through five 
e ‘This regimen is administered for four cycles at 21-day 
intervals. 


Salvage Chemotherapy Regimens 


e VelIP (for patients who received prior etoposide) 

e Vinblastine 0.11 mg/kg per IV daily for 2 days 

e Ifosfamide 1,200 mg/m‘? IV daily for five days 

e Mesna 400 mg/m? IV every 8 hours for 5 days 

e Cisplatin (CDDP) 20 mg/m? IV daily for five days 

e ‘This regimen is administered for four cycles at 21-day 
intervals 


Paclitaxel, lfosfamide and Cisplatin 


e Paclitaxel 250 mg/m’ IV day one followed by ifosfamide 
1500 mg/m? IV daily days 2-5 and cisplatin (CDDP) 25 
mg/m’ IV daily on days 2-5. 

e Mesna 500 mg/m’? IV before ifosfamide, and then 4 and 
8 hours after each dose of ifosfamide daily on days 2-5. 

e ‘This regimen is administered for four cycles at 21-day 
intervals. 


GEMOXx (Palliative Second Line) 


Gemcitabine 1,000 or 1,250 mg/m’ IV on days 1 and 8, plus 
oxaliplatin 130 mg/m? IV on day 1 administered every 3 
weeks. 


Antineoplastic Agent, Irritant 


Etoposide: Glycosidic derivative of podophyllotoxin 
that exerts its cytotoxic effect through stabilization of 
the normally transient covalent intermediates formed 
between DNA substrate and topoisomerase II, leading to 
single- and double-strand DNA breaks. This causes cell 
proliferation to arrest in late S or early G, portion of the cell 
cycle. Therapy should be withheld or suspended if platelet 
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counts are less than 50,000 or absolute neutrophil counts 
are less than 500/mm*. Reduce dose 20% for granulocytic 
fever or previous radiotherapy. Reduce dose in hepatic 
[increased total bilirubin (TB)] and renal (decreased CrCl) 
impairment. 


Dose: 100 mg/m’ per day IV for 5 d; repeat q21d for 4 cycles; 
adjust dose in hepatic or renal dysfunction. The drug may 
prolong the effects of warfarin and increase the clearance 
of methotrexate; cyclosporine and etoposide have additive 
effects in the cytotoxicity of tumor cells. Bleeding and 
severe myelosuppression may occur. 


Bleomycin: Bleomycin mostly used systemically in 
combination with other drugs (mostly with cisplatin and 
vincristine). Bleomycin has plasma half-life of less than 1 
hour and terminal half-life of 2-4 hours, but it could be as 
long as 22 hours in patients with renal dysfunction or those 
previously treated with cisplatin. About 50% eliminated in 
urine within 24 hours. Principal mechanisms of resistance 
include high levels of bleomycin hydrolase, cell mutations 
altering DNA sequences to prevent intercalation, poor 
cell accumulation of drug, and rapid plasma removal. 
Test dose (optional): 1-2 U IV/IM prior to full dose 30 U 
IV bolus every week on days 2, 9 and 16; repeat q21d for 
four cycles; modify dose based on CrCl. CrCl 20-30 mL/ 
min: 50% of normal dose CrCl less than 20 mL/min, 40% 
of normal dose. 


Antineoplastic Agent, Alkylating Agent 


Cisplatin: Platinum-containing compound that exerts 
antineoplastic effect by covalently binding to DNA with 
preferential binding to N-7 position of guanine and 
adenosine. It can react with two different sites on DNA 
to cause cross-links. Platinum complex also can bind 
to nucleus and cytoplasmic protein. A bi-functional 
alkylating agent, once activated to aquated form in cell, 
binds to DNA, resulting in interstrand and intrastrand 
cross-linking and denaturation of double helix. Modify 
dose on basis of CrCl. Avoid use if CrCl is less than 
60 ml/min. 


Adult dose: 20 mg/m? per day IV over 20-60 min for 5 days; 
repeat q21d for four cycles. Documented hypersensitivity, 
pre-existing renal insufficiency, myelosuppression and 
hearing impairment. 


Precautions: Administer adequate hydration before 
and 24 hours after cisplatin dosing to reduce risk of 
nephrotoxicity; myelosuppression, ototoxicity, nausea 
and vomiting, may occur. 


Ifosfamide: Alkylating agent activated in liver to 
phosphoramide mustard and acrolein. Phosphoramide 
mustard crosslinks DNA strands and is responsible for 
therapeutic effect. Acrolein related to bladder toxicity. 


Adult dose: 1,200 mg/m? per day IV continuous infusion 
on days 1-5; repeat q21d for four cycles. Phenobarbital, 
phenytoin, chloral hydrate and other drugs that interfere 
with cytochrome P-450 activity, may alter effects of 
ifosfamide precautions. May cause hemorrhagic cystitis 
and severe myelosuppression; caution in renal function 
impairment or compromised bone marrow reserve. 


Oxaliplatin: Platinum-based antineoplastic agent forms 
interstrand and intrastrand Pt-DNA crosslinks that 
inhibits DNA replication and transcription. Cytotoxicity is 
cell-cycle nonspecific. 


Dose: Oxaliplatin 130 mg/m? IV on day one with 
gemcitabine administered in every three weeks. 


Carboplatin 


Analog of cisplatin: This is a heavy metal coordination 
complex that exerts its cytotoxic effect by platination 
of DNA, a mechanism analogous to alkylation, leading 
to interstrand and intrastrand DNA crosslinks and 
inhibition of DNA replication. It binds to protein and 
other compounds containing SH group. Cytotoxicity 
can occur at any stage of the cell cycle, but cell is most 
vulnerable to action of these drugs in G1 and S phase. 
It has same efficacy as cisplatin but with better toxicity 
profile. Main advantages over cisplatin include less 
nephrotoxicity and ototoxicity not requiring extensive 
prehydration, less likely to induce nausea and vomiting, 
but more likely to induce myelotoxicity. 

Dose is based on the following formula: total dose (mg) 
= (target AUC) x (GFR+25) where AUC (area under plasma 
concentration-time curve) is expressed in mg/mL per min 
and GFR (glomerular filtration rate) is expressed in mL/ 
min. 


Pediatric dose: 600 mg/m’? IV on day 2 of therapy or the 
following formula has been used in clinical trials: 6 x 
[uncorrected GFR + (15 x surface area)]. 

Nephrotoxicity increases with aminoglycosides and 
other nephrotoxic drugs. Monitor bone marrow function. 


Antineoplastic Agent, Antimicrotubular 


Paclitaxel: Mechanisms of action are tubulin 


polymerization and microtubule stabilization. 
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Dose: 250 mg/m? IV over 24 hours q3week. 


Pediatric dose: 200 mg/m? IV infused over 24 hours 
has been used. Premedicate with steroids, H1, and H2 
blockers to decrease risk of hypersensitivity reactions; 
myelosuppression, alopecia, arthralgia/myalgias, and 
cardiac arrhythmia may occur. 


Antineoplastic Agent 


Vinblastine: Vinca alkaloid inhibits microtubule 
formation, which disrupts formation of mitotic spindle, 
causing cell proliferation to arrest at metaphase. Phenytoin 
plasma levels may be reduced when administered 
concomitantly with vinblastine; with mitomycin, 
the toxicity of vinblastine may significantly increase; 
CYP450 3A4 inhibitors (e.g. itraconazole, erythromycin, 
quinupristin/dalfopristin) may decrease clearance, thus 
increasing toxicity. Caution in patients diagnosed with 
impaired liver function and neurotoxicity; when patient 
is receiving mitomycin C, monitor closely for shortness of 
breath and bronchospasm. 


Antineoplastic Agent (Antimetabolite) 


Gemcitabine: Cytidine analog, after intracellular 
metabolism to active nucleotide, inhibits ribonucleotide 
reductase and competes with deoxycytidine triphosphate 
for incorporation into DNA. Cell-cycle specific for S phase. 
Dose: 1,000 or 1,200 mg/m? day 1 and 8 in every three 
weeks. 


Pediatric dose: 1.2 g/m? IV infused over 30 minutes on 
days 1, 8 and 15 of 28 days cycles has been used in pediatric 
trials. 


Precautions: It may cause myelosuppression (particularly 
thrombocytopenia); toxicities include flu-like syndrome, 
LFT abnormality, maculopapular rash, pruritus, nausea, 
vomiting, dyspnea, hematuria, proteinuria, and hemolytic 
uremic syndrome; clearance reduced in women and 
elderly individuals. 


Mesna: Inactivates acrolein and prevents urothelial 
toxicity without affecting cytostatic activity. 


Dose: 1,200 mg/m* per day IV continuous infusion on 
days 1-6 of each cycle; IV dose of mesna equivalent to 
ifosfamide dose. 


Uro-oncology 


FOLLOW-UP OF TESTICULAR CANCER 


Surveillance 


Seminoma stage IA, IB: History and physical examination 
and AFP, beta-hCG, and LDH assays every 3-4 months 
for the first three years, every 6 months for 4-7 years, then 
annually up to 10 years. Abdominal and pelvic CT scan 
is recommends at each visit and chest X-ray at alternate 
visits. Strict adherence to this surveillance program for at 
least 10 years is vital. 


Seminoma Stage Is 


History and physical examination, AFP, beta-hCG, LDH 
and chest X-ray every 3-4 months for the first year, every 
6 months for 2 years, then annually. Pelvic CT scan is 
recommended annually for 3 years for patients who 
received only para-aortic radiation. 


Seminoma Stage Ila, Ilb 

History and physical examination, AFP, beta-hCG, LDH, 
chest X-ray in every 3-4 months for 1-3 years, every 6 
months for 4 years, then annually. Abdominal CT scan is 
recommended at 4th month of 1st year. 


Seminoma Stage lic, III 


History and physical examination, chest X-ray, AFP, 
beta-hCG and LDH every 2 months for 1 year, every 3 
months for 2 years, every 4 months for 3 years, every 6 
months for 4 years, then annually. Abdominal/pelvic 
CT at 4 month of an year status post-surgery; otherwise, 
abdominal/pelvic CT every 3 months until stable. PET 
scan could be considered when clinically indicated. 


Nonseminoma Stage la, Ib 


History and physical examination, chest X-ray, AFP, 
beta-hCG, and LDH in every 1-2 months for an year, every 
2 months for 2 years, every 3 months for 3 years, every 
4 months for 4 years, every 6 months for 5 years, then 
annually. Abdominal/pelvic CT scan in every 2-3 months 
for an year, in every 3-4 months for 2 years, every 4 months 
for 3 years, every 6 months for 4 years, every 12 months for 
5 years, then annually. 

Nonseminoma stage Ia, Ib, Ic, Ula, IIb, IIc after 
complete response to chemotherapy and/or retroperitoneal 
lymph node dissection. 
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History and physical examination, chest X-ray, AFP, 
beta-hCG, and LDH in every 2-3 months for an year, every 
2-3 months for 2 years, every 4 months for 3 years, every 
4 months for 4 years, every 6 months for 5 years, then 
annually. Abdominal/pelvic CT scan in every 6 months for 
an year, every 6-12 months for 2 years, every 12 months for 
3 years, every 12 months for 4 years, every 12 months for 5 
years, then every 12-24 months. 


COMPLICATIONS 
Treatment-Related Toxicity 


Pulmonary 


Bleomycin can cause pneumonitis and pulmonary fibrosis; 
therefore, pulmonary function tests are done before 
starting chemotherapy thatincludes this agent. Bleomycin- 
induced lung toxicity is cumulative and although it can be 
fatal, itis rarely fatal ifthe total cumulative dose is less than 
400 units. Patients with bleomycin-induced pneumonitis 
present with nonproductive cough, dyspnea on exertion, 
and bibasilar rales. Chest X-ray may show pulmonary 
nodules. A decline in carbon monoxide diffusing capacity 
(DLCO) is the earliest sign of lung toxicity; bleomycin 
should be discontinued if it occurs. Smokers should be 
counseled regarding smoking cessation. 


Renal Toxicity 


Twenty to thirty percent of patients who receive cisplatin 
have a reduction in glomerular filtration rate. Cisplatin 
can also cause hypomagnesemia, hypophosphatemia, 
and hypokalemia. 


Cardiovascular 


Cardiovascular disorders are late complications of cisplatin 
treatment. They include hypertension, dyslipidemia, 
coronary artery disease, thromboembolic events, and 
Raynaud phenomenon. 


Infertility 


Hematological 

Anemia, leukopenia/neutropenia, and thrombocytopenia 
may occur. Prophylactic treatment with hematopoietic 
growth factors is recommended to avoid the need for dose 
attenuation or treatment delays. 


Gastrointestinal 


Nausea and vomiting. 


Neurological 


Cisplatin and oxaliplatin can cause neuropathy. 


Ototoxicity 


Tinnitus and high-frequency sensorineural loss. 


Secondary Malignancy 


Secondary malignancies are the most common cause 
of death in testicular cancer survivors. A second 
testicular cancer develops in 1-2% of testicular cancer 
survivors. 


Solid Tumors 


A follow-up study of more than 40,000 testicular cancer 
survivors in Europe and North America showed that the 
relative risk of developing a secondary tumor was 1.9 
(95% confidence index, 1.8-2.1) for 10 years and 1.7 for 
35 years.’ Cancers of the lung, colon, bladder, pancreas, 
stomach, mesothelioma, and esophagus were found. 
Testicular cancer patients who were treated with radiation 
alone were at higher risk of having bladder, stomach, 
pancreas, and kidney cancers. 


Leukemia 


Patients treated with regimens that contain etoposide have 
an increased risk of developing leukemia, mainly of the 
myeloid lineage. In such cases, the Hallmark chromosomal 
translocation involving the long arm of chromosome 11 
(11q23) occurs 2-3 years following treatment. Leukemia 
develops in 16 per 10,000 patients treated with standard- 
dose chemotherapy. 


PROGNOSIS 


The International Germ Cell Consensus Classification 
(IGCCC), an easily applicable, clinically based prognostic 
instrument, is now used in clinical practice for risk 
classification and is the current standard for all practice 
guidelines, including that of the National Comprehensive 
Cancer Network. 
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The IGCCC is based on a retrospective analysis of 
5,202 patients with metastatic nonseminomatous germ 
cell tumor (NSGCT) and 660 patients with metastatic 
seminomatous GCTs from 10 countries, who were treated 
between 1975 and 1990. All patients received treatment 
with cisplatin- or carboplatin-containing therapy as 
their first chemotherapy course. Median follow-up was 
5 years. For NSGCT, independent adverse factors were 
identified: mediastinal primary site; degree of elevation 
of AFP, hCG, and LDH; and presence of nonpulmonary 
visceral metastases (NPVM) such as liver, bone, and brain. 
For seminoma, the predominant adverse feature was the 
presence of NPVM. 

The IGCCC distinguishes NSGCT patients with a good, 
intermediate or poor prognosis; these have reported 5 
years overall survival of 92%, 80% and 48%, respectively. 

A subsequent meta-analysis of survival of patients with 
NSGCT, treated after 1989 and classified according to the 
IGCC classification, included 10 papers describing 1,775 
patients with NSGCT with good (n = 1087), intermediate (n 
= 232), or poor (n = 456) prognosis. Pooled 5 years survival 
estimates were 94%, 83% and 71%, respectively. There 
was a small increase in survival for good-prognosis and 
intermediate-prognosis patients, and a large increase in 
survival for patients with a poor prognosis. The researchers 
suggested that the improved survival was most likely due 
to both more effective treatment strategies and more 
experience in treating NSGCT patients." 


Good-prognosis nonseminoma (56-61% ofnonseminomas): 
5 years progression-free survival (PFS) is 89%; 5 years 
survival is 92-94%. 
e Testis/retroperitoneal primary and 
e Nononpulmonarty visceral metastases and 
¢ Good serum tumor markers; all of: 
— Alpha-fetoprotein less than 1,000 ng/mL 
— Human chorionic gonadotropin less than 5,000 IU/ 
mL (1,000 ng/mL) 
— Lactate dehydrogenase less than 1.5 times the 
upper limit of normal 


Good-prognosis seminoma (90% of seminomas): 5 years 
PFS is 82%; 5 years survival is 86% 

e Any primary site and 

e Nononpulmonary visceral metastases and 

e Normal AFP, any hCG, any LDH 


Intermediate-prognosis nonseminoma (13-28% of 
nonseminomas): 5 years PFS is 75%; 5 years survival is 
80-83%. 


e Testis/retroperitoneal primary and 
e Nononpulmonarty visceral metastases and 
e Intermediate serum tumor markers; any of: 
— AFP 1,000 to 10,000 ng/mL 
— hCG 5,000 IU/L to 50,000 IU/L 
— Lactate/lactic acid dehydrogenase 1.5-10 times 
normal. 


Intermediate-prognosis seminoma (10% of seminomas): 5 
years PFS is 67%; 5 years survival is 72% 

e Any primary site and 

e Nonpulmonary visceral metastases and 

e Normal AFP, any hCG, any LDH. 


Poor-prognosis nonseminoma (16-26% of nonseminomas): 
5 years PFS is 41%; 5 years survival is 71%. 
e Mediastinal primary or 
e Nonpulmonary visceral metastases or 
e Poor serum tumor markers; any of: 
— AFP more than 10,000 ng/mL 
— hCG more than 50,000 IU/mL (10,000 ng/mL) or 
— Lactate/lactic acid dehydrogenase more than 10 
times the upper limit of normal. 


Poor-prognosis seminoma: No seminoma patients are 
classified as poor prognosis. 
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Penile cancer is a malignant growth found on the skin or 
in the tissues of the penis. The carcinoma of penis less 
commonly seen, but following the diagnosis and the 
treatment protocol proposed may be psychologically 
distressing to the patient and often presents a challenge to 
the urologist (Figs 153.1 to 153.3). 

Most of the patient with cancer in penis seeks medical 
attention when itis too late and this delay is attributed from 
embarrassment, too guilt, fear, ignorance, and personal 
neglect. Most patients try to treat themselves with various 
skin creams and lotions and which further delays the 
diagnosis and worsens the prognosis. This delay may also 
be attributable from their primary care physicians before 
they see an urologist. 

Traditionally, superficial penile carcinoma is managed 
with local resection, while invasive disease is treated with 
partial or total penectomy and bilateral lymphadenectomy. 
Current development with the diagnostic techniques, 
surgical procedures, local and systemic chemotherapy 
and radiotherapy leads to better management with good 
cosmesis. 


Fig. 153.1: Carcinoma of penis 


Penile Cancer 


The patients with locally invasive penile cancer in 
the absence of clinically evident nodal metastases may 
be treated with local resection and penile reconstruction 
and this approach may be compounded with bilateral 


Fig. 153.2: Cancer of the penis from the shaft 


Fig. 153.3: Penile cancer involving glans 
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lymphadenectomy or sentinel node biopsies. Palpable 
inguinal lymph nodes should be immediately removed 
for staging and therapeutic benefit. Various imaging 
techniques have shown to be effective to identify 
these nodes, sparing the need for bilateral inguinal 
lymphadenectomy, which is associated with a high degree 
of morbidity. 

A margin of 2 cm clear around the cancer was a 
minimum requirement in the past, but today, with 
improved histopathology techniques, a margin of 0.5-1 cm 
may be sufficient to achieve a safe outcome. 


APPLIED ANATOMY OF PENIS 


Erectile bodies of the penis arise from genital tubercle, 
which give rise to the corpora cavernosa, the caudal 
portion of the urogenital sinus that creates the corpora 
spongiosum, and the paired urethral folds, which join in 
the midline. 

The penis may be divided into the root, which is located 
within the superficial perineal pouch and is the primary 
fixation point; the body, which contains the three corpora 
and the overlying tissues; and the glans, which sits as a 
cap on the corpora cavernosa but is a part of the corpora 
spongiosa. 

The superficial fascia of the penis is continuous with 
dartos fascia posteriorly and with the scarpa and camper 
fascia anteriorly. A layer of dense fibrous tissue called the 
tunica albuginea covers both the corpora. The corpora 
cavernosa are incompletely separated by the septum penis, 
a thin layer of fibrous tissue continuous with the tunica 
albuginea. Fascia overlying the corpora cavernosa blends 
with the fascia of the urogenital diaphragm. Erectile tissue 
within the corpora is composed of a sponge-like network 
of endothelium-lined sinusoidal spaces. 


PROBLEM 


Cancer of the penis frequently found on the glans (48%) 
and prepuce (21%) and also may initially originate on the 
corona of the glans. They may spread superficially across 
the glans into the prepuce. 

The penile cancers may be related to carcinogens 
contained in smegma in uncircumcised men and it noted 
that circumcised men rarely develop penile cancer. 

When the penile cancer is confined to the prepuce, 
circumcision may be all that is necessary but when it 
invades the deeper tissues, the cancer has ready access to 
lymphatics and blood vessels and an urgent treatment is 
demanded. 


EMOTIONAL AND PHYSICAL BURDEN OF 
PENILE CANCER AND ITS TREATMENT 


To any men the cancer of the penis is frightening. The 
partial or complete removal of the penis is often the most 
effective way to cure penile cancer, but for many men this 
cure seems worse than the disease. Most men with penile 
cancer facing treatment suffer mental distress, depression, 
and feelings of grief or despair. 


Effects on Sexuality 


Cancer of the penis if diagnosed early conservative 
techniques such as topical chemotherapy, Moh’s surgery, 
and laser surgery may have little effect on sexual pleasure 
and intercourse. But removing of all or part of the penis 
can have a devastating effect on a man’s self-image and 
ability to have sexual intercourse. 

Successful and satisfying intercourse is possible for 
many, but not all men after partial penectomy as the 
remaining shaft of the penis still becomes erect with 
arousal. If the most sensitive area of the penis, the glans, is 
gone, a man can still reach orgasm and ejaculate normally 
and his partner should also still be able to enjoy intercourse 
and often reach orgasm. 

After total penectomy, the normal intercourse is not 
possible. But since cancer of the penis is most common in 
elderly men, some are already unable to have intercourse 
because of other health problems. 

Men willing to put some effort into his sex life following 
penectomy, it may be possible to achieve some pleasure. 
The patient can learn to reach orgasm when sensitive areas 
such as the scrotum skin behind the scrotum, and the area 
surrounding the surgical scars are caressed. The partner 
may reach orgasm by oral sex or by stimulation with a 
sexual aid such as a vibrator. Following total penectomy, 
surgical reconstruction of the penis may be possible in 
some cases. 


EPIDEMIOLOGY 


The prevalence of carcinoma of penis is higher in 
populations of low socio-economic level. This cancer is 
more prevalent in Asia, Africa, and Latin America, and 
has been reported to constitute approximately 12% of all 
cancers in males. In the United States, carcinoma of the 
penis accounts for only 1% of male genital cancer.*°”” 
Penile cancer found more common in certain 
geographical areas. The frequency of penile cancer in India 
is 3 cases per 100,000 men, accounting for more than 6% 
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of all malignancies in this population and in Brazil is 8.3 
cases per 100,000 population. Uganda has prevalence rate 
with 1% of men developing the disease by age 75 years.’ 

The penile cancer is rarely seen in circumcised men, 
particularly if they were circumcised as a neonate.’ The 
incidence of penile cancer more common men aged 60 
years or older and peaks in men aged 80 years but it is not 
unusual in younger men. 


ETIOLOGY 


The prevalence of penile carcinoma varies according to 
the status of personal hygienic practices and cultural and 
religious beliefs. The phimosis often goes unrecorded and 
may lead to a penile cancer. 

Routine circumcision is an effective prophylactic 
measure for penile cancer and almost never observed in 
individuals who are circumcised in the neonatal period. It 
was noted also that the disease is found more frequently 
when circumcision is delayed until puberty and on the 
other hand adult circumcision may offer little or no 
protection. 

Although it is widely believed, there is no firm evidence 
that indicates that smegma acts as a carcinogen. There has 
been evidence of penile cancer and cervical cancer may be 
associated with human papillomavirus (HPV) infection. 
High prevalence of cervical cancer is seen in women who 
have sexual partners having penile cancer indicating a 
common etiological factor. 

One-third of men with penile cancer may have HPV-16 
and HPV-18 and may be important etiological factors. 
However, yet now there is no confirmation that the viral 
infections cause penile cancer. 

Nonmalignant condition of penis may include 
balanitis xerotica obliterans, giant condyloma, etc. Penile 
intraepithelial neoplasia or PIN is considered to be 
premalignant. 5-15% of these lesions evolve into invasive 
squamous cell carcinoma. 

Carcinoma in situ (CIS) of the glans, it is termed as 
erythroplasia of Queyrat and when it occurs in the skin of 
the shaft, it is termed Bowen disease and can produce a 
lesion having a red to red-brown appearance and generally 
have an irregular border. A biopsy usually establishes a 
diagnosis. 


PATHOLOGY 


Carcinoma of the penis usually begins on the glans or 
prepuce as a small lesion and they gradually grow laterally 
along the surface. Initial lesion may be papillary and 
exophytic or flat and ulcerative. Gradually, the growth may 
cover the entire glans and prepuce and may also invade in 
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to the corpora and shaft of the penis. The lesion become 
extensive with time and may be associated with further 
local invasion and nodal metastasis. 

Penile cancer can cause auto amputation in some cases, 
if left untreated. The ulcerative lesions tend to metastasize 
to the lymph nodes earlier and are therefore associated 
with a lower 5 year survival rate. The carcinoma of penis 
larger than 5 cm is associated with a high prevalence of 
nodal metastases and a lower survival rate. Although the 
Buck fascia, acts as a temporary barrier but eventually, 
the cancer penetrates the Buck fascia and the tunica 
albuginea, where the cancer has access to the vasculature 
and from which systemic spread is possible. 

Practically all penile carcinomas are of squamous cell 
origin and include the following subtypes: 

e Verrucous carcinoma 
e Warty carcinoma (verruciform) 
e Basaloid carcinoma. 


PENILE MALIGNANT TUMOR 


Carcinoma 


e Squamous cell carcinoma 
e Transitional cell carcinoma 
e Adenocarcinoma. 


Melanoma 
Metastatic (Carcinoma or Lymphoma) 
Soft Tissue Sarcoma 


e Kaposi’s sarcoma 

e Fibrosarcoma 

e Malignant schwannoma 

e Malignant fibrous histiocytoma 

e Epithelioid sarcoma 

e Clear cell sarcoma leiomyosarcoma. 

Regional lymph node metastasis to the femoral 
and inguinal lymph nodes is the earliest sign of tumor 
dissemination. Preputial lymphatics join the lymphatics 
of the shaft and drain into the superficial inguinal nodes. 
Because of the lymphatic crossover, the penile cancer can 
spread to lymph nodes in both inguinal areas. 

Lymphatic vessels of the glans follow a different path 
and join those draining the corpora and eventually drain 
into a circular band of lymphatic’s, which drains to the 
superficial and deep pelvic lymph nodes. 

Superficial inguinal nodes drain to the deep inguinal 
nodes, which are beneath the fascia lata. From here, 
drainage is to the pelvic nodes. It is important to note that 
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there are multiple cross connections permitting spread of 
the cancer to lymph nodes of both sides. 

Regional nodes may leads to skin necrosis, chronic 
infection and eventually, death from sepsis or hemorrhage 
secondary to erosion into the femoral vessels. The distant 
metastases to the lung, liver, bone or brain are unusual 
until late in the disease course. 


PRESENTATION 


Most common clinical features of penile cancer may 
includes a lesion that has failed to heal, a papule, a pustule, 
a warty growth, a large exophytic growth or a reddened 
area on the glans, etc. Typical ulcerative lesion may appear 
as a shallow erosion or a deep ulceration with rolled edges. 
Some of the patients may have a phimosis that obscures 
the tumor and allows it to grow undetected and is not seen 
unless it is exposed surgically. 

Some patients seek medical attention until the 
cancer has eroded through the prepuce and has become 
malodorous because of infection and necrosis. Advanced 
metastatic cancer may report weakness, weight loss, and 
fatigue; the penile lesion may bleed. 

The presence of a hyperemic patch on the glans that 
is characteristic of erythroplasia of Queyrat or as an 
ulcerated growth on the inner surface of the prepuce, the 
differential diagnoses include benign and premalignant 
lesions. The leukoplakia manifests as solitary plaque 
or multiple whitish plaques, which often involve the 
meatus and may be associated with squamous cell 
carcinoma. 


Premalignant Penile Lesions 


e Buschke-Léwenstein (Giant condyloma acuminata) 
e Erythroplasia of Queyrat (Bowen’s disease) 

e Paget’s disease 

e Leukoplakia 

e Balanitis xerotica obliterans. 

Viral lesions include condyloma acumuniata, which 
are soft papillomatous growths and otherwise called as 
venereal and they are usually sexually transmitted disease 
with HPV. HPV types 6, 11, 42, and 44 are associated with 
low-grade dysplasia and types 16, 18, 31, 33, 35, and 39 are 
associated with neoplastic changes.* 

Balanitis xerotica obliterans or Lichen sclerosis, is 
a chronic lymphocyte-mediated skin disease that can 
develop on any cutaneous surface and has been associated 
with squamous cell carcinoma of the penis.’ 

In immunodeficient patient like post-transplant 
patients, patients with HIV infection, etc. the incidence 
of Kaposi sarcoma may be seen. It may manifest as a 


cutaneous neovascular lesion that is raised, usually 
painful, and often ulcerated with a bluish discoloration. 

Penile carcinomas include variants of squamous 
cell carcinoma such as CIS, erythroplasia of Queyrat, or 
Bowen disease. The erythroplasia involves the glans, 
while similar lesions on the remainder of the genitalia 
and perineum are termed Bowen disease but regardless 
of the terminology and clinical presentation, these bears 
the same malignant potential and always a biopsy should 
be performed. 


WORK-UP 


Laboratory Studies 


No tumor marker is available for the diagnosis of penile 
cancer. Complete blood count; a chemistry panel with liver 
function tests; and an assessment of cardiac, pulmonary, 
and renal status, is helpful as a baseline and in the 
detection of any unsuspected problems. The patients with 
advanced penile cancer may be anemic, with leukocytosis 
and hypoalbuminemia. Hypercalcemia has been found in 
some patients in the absence of metastases. 


Imaging Studies 


Magnetic resonance imaging (MRI) and ultrasonography 
are useful for local cancer staging and for assessing the 
inguinal lymph nodes. These studies may be helpful 
for detecting tumor invasion into the corpora. MRI 
produces sharp images of the penile structures, is 
accurate for demonstrating invasion of the corpora, 
and can help the physician determine the extent of the 
cancer along the surface of the penis in patients with 
tumors larger than 2 cm. 

Both MRI and CT scanning can demonstrate enlarged 
pelvic and retroperitoneal lymph nodes. Positron 
emission tomography (PET) and CT scanning have not 
been studied extensively but may be helpful and should 
be obtained in patients with high-grade and extensive 
local disease and in those with evidence of inguinal node 
involvement (Fig. 153.4). 

Rarely, chest radiography can help detect metastases. 
However, the preferred study to evaluate for metastases is 
CT scanning. 

A technique to identify lymph node metastases using 
MRI following the intravenous injection of ferromagnetic 
particles has shown a high degree of sensitivity. Further 
study will be necessary to determine the tumor burden 
necessary for this imaging modality to be effective, but 
current results indicate that it is more accurate than 
conventional CT scanning. 
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Fig. 153.4: Positron emission tomography (PET) CT showing 
lymphatic drainage of penis indicating uptake of tracer in inguinal 
lymph node 


HISTOLOGICAL DIAGNOSIS AND STAGING 


The therapeutic options depend on the factors like 
histological diagnosis, the location and size of the 
tumor, and the presence or absence of palpable inguinal 
lymphadenopathy." 

The biopsy may be an excisional biopsy if the cancer 
is small or the lesion is confined to the prepuce and a 
circumcision is acceptable. The biopsy should contain 
tissue beneath the tumor, if this is feasible, in order to help 
stage the disease. 

CT-guided or ultrasound-guided fine-needle aspir- 
ation of enlarged lymph nodes may aid the urologist in 
planning therapy. Aspiration biopsies of sentinel nodes 
using the identification techniques have also been 
reported. 

Sentinelnodebiopsymaybeofassistanceindetermining 
the need for extensive inguinal lymphadenectomy. 
Various methods have been used to identify the sentinel 
node. One method involves intradermal injection of 2 mL 
of patent blue dye around the tumor. Approximately, 15 
minutes later, the node can be identified and removed for 
histologic assessment. 

Lymphoscintigraphy is another method used to 
identify the sentinel node. This technique, developed 
at The Netherlands Cancer Center Institute, involves 
injecting technetium-99m nanocolloid around the 
primary tumor. Following the injection, dynamic images 
are taken with a gamma camera to visualize lymphatic 
drainage. Static scintigrams are obtained 2 hours after the 
injection. A hot spot in the inguinal area is considered to 
be a sentinel node and its position is marked on the skin. 
In some instances, both techniques are used to identify 


the sentinel node. Kroon et al. found that the size of the 
metastasis was predictive ofnonsentinel node metastasis. 
They reported that, in groins with only micrometastases 
in the sentinel node, none of the other nodes were 
involved. Tabatabaei and McDougal reported on their 
results using lymphotrophic nanoparticle-enhanced MRI 
and found that this technique yielded 100% sensitivity 
and 97% specificity.” 

The major limitation of these techniques is the need to 
perform the test in all patients regardless of the presence 
of clinically normal nodes and histologic features of the 
primary tumor. Another possible concern is thrombosis 
of the lymphatic vessels cause by inflammation. Finally, 
inexperience with these techniques is an obstacle. 


Histologic Findings 


Predominantly most of the penile cancers are squamous cell 
carcinomas that demonstrate keratinization, epithelial pearl 
formation, and various degrees of mitotic activity. Normal 
rete pegs are disrupted and invasive lesions penetrate the 
basement membrane and surrounding structures. 

The erythroplasia of Queyrat, a red, velvety, well- 
marginated lesion usually involves the glans, is 
characterized by atypical hyperplastic cells that appear 
disoriented and vacuolated and have hyperchromatic 
nuclei and multiple mitotic figures (Fig. 153.5). The 
submucosa shows capillary proliferation and ectasia with 
a surrounding inflammatory infiltrate rich in plasma cells.’ 


Fig. 153.5: Erythroplasia of Queyrat 
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Staging of Penile Cancer 


Accurate assessment of the primary tumor, including 

identification of regional and distant metastatic disease, is 

important for correct staging, which will help the clinician 

for selecting appropriate therapy and for assessing and 

communicating results. 

The Jackson classification is as follows: 

e Stage I (A): The tumor is confined to the glans, 
prepuce or both 

e Stage II (B): The tumor extends onto the shaft of the 
penis 

e Stage III (C): The tumor has inguinal metastasis that 
is operable 

e Stage IV (D): The tumor involves adjacent structures 
and is associated with inoperable inguinal metastasis 
or distant metastasis. 

In practice, Jackson staging system and tumor, nodes 
and metastases (TNM) systems both are used for staging 
of the penile cancer but the TNM system is preferred 
and more popular. Jackson system of staging bears some 
weakness, which may includes the depth of the tumor 
(superficial or invasive) are not used and also the presence 
and extent of nodal metastases is not addressed and 
histologic criteria are not used. 


Tumor (T) 

TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

Ta Noninvasive verrucous carcinoma 

Tl Tumor invades subepithelial connective tissue 

T2 Tumor invades corpus spongiosum or cavernosum 
T3 Tumor invades urethra or prostate 

T4 Tumor invades other adjacent structures 


Regional Lymph Nodes (N) 


NX __ Regional lymph nodes cannot be assessed 

NO Noregional lymph node metastasis 

N1 Metastasis in a single superficial, inguinal lymph 
node 

N2 Metastasis in multiple or bilateral superficial 
inguinal lymph nodes 

N3 Metastasis in deep inguinal or pelvic lymph node 


(s), unilateral or bilateral. 


Distant Metastasis (M) 


MX Presence of distant metastasis cannot be assessed 
MO No distant metastasis 
M1 Distant metastasis 
Most patients with positive sentinel node biopsy 
findings tend to fall into the high-risk and strongest 
predictor for survival is the presence or absence of nodal 
metastases. 
The surgical margin has been reduced from the classical 
2 cm to 1 cm or in some instances, to 0.5 cm, without any 
adverse consequences related to cancer recurrence or 
survival. Advantage of penile tissue sparing by excising 
a smaller margin is important. Because nearly 80% of 
penile squamous cell carcinomas are distal, presenting on 
the prepuce, glans, or in the coronal sulcus which can be 
managed with local excision and reconstruction. 
The WHO histopathological grading system: 
e Grade 1: Well-differentiated, with 33% undifferentiated 
cells 
e Grade 2: Moderately-differentiated, with 33-66% 
undifferentiated cells 
e Grade 3: Poorly-differentiated, with more than 66% 
undifferentiated cells. 


TREATMENT 


Medical Therapy 


The objective of the management of penile cancer is to 
eliminate the malignancy while preserving a cosmetically 
acceptable and functional penis. Early diagnosis and 
treatment can only help to achieve the goal of the 
treatment. Immediate biopsies of suspicious all penile 
lesions are necessary for early diagnosis. 

Intraepithelial neoplasms such as Bowen disease or 
erythroplasia of Queyrat require careful biopsy. Ifadequate 
biopsy specimens were obtained and confirm that no 
invasion has occurred beyond the basement membrane, 
they may be treated with topical 5-fluorouracil.’° 


Surgical Therapy 


Following a short course of antibiotic therapy, surgery for 
the primary tumor can be completed. This short course of 
antibiotics allows for better staging and a chance for any 
lymph nodes enlarged secondary to infection to heal. 
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While performing a biopsy, adequate depth is 
important to allow the pathologist to stage the depth of 
the tumor and to determine if any invasion has occurred. 
Generally, the patients who undergo local excision or 
partial or total penectomy should have a 2 cm tumor- 
free margin with a serial frozen sections are used to 
achieve this goal. Local recurrence rate is significant and 
attempts to salvage a portion of the penis often lead to a 
second surgery. 

If only a short segment of penis is retained, urethral 
reconstruction can be attempted to allow the patient to 
stand and direct his stream during urination. When the 
residual penis is too short, the patient may be better served 
with a perineal urethrostomy. 

The inguinal lymphadenectomy may be preformed 
during the primary surgery or may be performed later. 
Inguinal incision provides good exposure for the superficial 
lymph nodes, but exposure of the femoral canal is difficult 
but incision extending across the inguinal crease allows 
good exposure for both areas. Adequate wound drainage is 
important because a large amount of serous fluid usually if 
the surgeon determines that this procedure is appropriate. 

The primary penile cancer is best treated by local 
excision, partial or total penectomy. The patients with 
small penile tumors confined to the prepuce, circumcision 
may be adequate. Conservative excision of cancers by 1.5 
cm slice has led to a recurrence rate of 50%. The margins 
of 2 cm have traditionally been considered necessary to 
reduce local recurrences, but recent evidence has shown 
that such wide margins may not be needed. Frozen 
sections at the time of surgery are often helpful (Figs 
153.6 to 153.11). 


Fig. 153.6: Penile cancer 


Fig. 153.7: Partial penectomy is in progress 


Fig. 153.8: Specimen of cancer bearing glans penis after penectomy 


Wedge resection of the cancerous lesion is feasible in 
some situations, but this is associated with a recurrence 
rate of 50%. When the wedge resection or partial 
penectomy does not provide an adequate margin, a total 
penectomy should be considered. 


Mohs Micrographic Surgery 


Mohs micrographic surgery (MMS) which is applicable 
in some patients with noninvasive disease and may 
involve the removal of the skin cancer by excising thin 
layers of tissue and examining them microscopically. The 
outcome MMS with an experienced team are similar to 
those obtained with more radical surgery; however, more 
procedures are often necessary." 
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Partial amputation of penis is appropriate when the 
cancer involves the glans and distal shaft. A margin of 2 cm 
is necessary and attempts to limit the resection can result 
in a repeated surgery to remove the recurrent tumor. 


Application of Laser in Penile Cancer 


Application of laser has been used for patients with 
superficial benign and malignant lesions and suitable for 
local and limited disease. A varieties of lasers have been 
used and may include carbon dioxide, Nd:YAG, argon, and 
potassium-titanyl-phosphate (KTP) lasers. Carbon dioxide 
laser vaporizes tissue but penetrates only to a depth of 0.01 
mm and can coagulate blood vessels smaller than 0.5 mm 
while the Nd:YAG laser can penetrate 3-6 mm depending 
on the power and can coagulate larger vessels. Argon and 
KTP lasers have less tissue penetration than others and are 
rarely used.” 


Fig. 153.9: Complete penectomy with bilateral lymphadenectomy 


in progress 


Lymphadenectomy 


Lymphatic drainage of the penis leaves the ventral surface 
and course laterally to the dorsum; here, they may be 
joined by lymphatics from the prepuce. At the base of the 
penis, lymphatic trunks from the skin divide and decussate 
toward the right or left and these trunks drain into the 
superficial inguinal nodes." 

The superficial inguinal lymph nodes are the first 
metastatic site of penile cancer. Following the treatment 
of the primary penile tumor, management of the inguinal 
lymph nodes must be addressed. Decision of dissection 
of inguinal lymph node in patients with no evidence of 
adenopathy, is controversial. 

It is to be noted that the incidence of occult metastases 
in patients who have no palpable adenopathy is 20-25%. 
Decision to perform an inguinal lymphadenectomy often 
depends on the grade of the cancer and its local extent. 
The lesion that have invaded through the basement 
membrane are much more likely to have nodal metastases 
than superficial tumors." 

Negative lymph nodes do not mean that metastases has 
not occurred, since 20% of patients have occult inguinal 
metastases and 30% of those with positive nodal disease 
have pelvic node involvement. 

Lymph nodes may be palpable because of the infection 
associated with the primary cancer. When cancer has 
spread to few lymph nodes, cure is possible in nearly 75% 
with only lymphadenectomy and about 20% of patients 
with limited pelvic lymph node involvement can be cured. 
Most importantly the grade and stage of the primary tumor 

= is predictive of lymph node status. Patients with high-grade 
Fig. 153.11: Penectomy and lymphadenectomy and high-stage cancers are likely to have nodal disease.” 
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Fig. 153.10: Lymphadenectomy completed 
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The sentinel node biopsy or limited inguinal node 
dissection superficial to the fascia lata has been advocated. 
The resection of the sentinel inguinal lymph node is 
more controversial because many investigators have 
reported that the predictive information obtained from 
this procedure is too limited and is often inaccurate in 
predicting the extent of the cancer (Figs 153.9 to 153.11). 

While others have reported that this procedure offers 
a high degree of accuracy in identifying the sentinel 
node and in those with negative nodes, the morbidity 
associated with an inguinal lymphadenectomy can be 
avoided. The superficial dissection has been used for 
patients with no palpable nodes, but the procedure is 
extended to the deep fascia and femoral canal, if any 
nodes are positive for cancer.*?”! 


Nonpalpable inguinal lymph nodes: This is well- 
documented that radical inguinal lymphadenectomy 
for all patients with nonpalpable lymph nodes results 
in overtreatment in more than 75% of cases and most 
authors agree that radical bilateral lymphadenectomy is 
not warranted in these patients. EAU guidelines, which 
were last updated in 2004, still recommend surveillance 
of patients with good compliance for follow-up who are 
considered to be at low-risk based on pathologic factors of 
tumor stage (pTis, pTaG1 and G2, pT1 G1). 

The patients with pT1G2 are considered an 
intermediate-risk group. Up to 50% of these patients 
will harbor lymph node metastases; therefore, 
lymphadenectomy must be recommended. The potential 
risks of a definite worsening of the prognosis in case of 
regional recurrence must be weighed against the nonlife- 
threatening risks of lymphadenectomy and must be 
discussed with the patient. 


Dynamic Sentinel Node Biopsy 


Sentinel lymph node dissection in penile carcinoma 
was initially described by Cabanas after a study of 
lymphangiograms and anatomic dissections.” However, 
the procedure was abandoned due to high false-negative 
rates. To overcome the weakness of the procedure, the 
technique of dynamic sentinel node biopsy (DSNB) was 
developed based on the identification of the lymph node 
in the individual patient, which is the first drainage node 
(i.e. the sentinel node). More than one sentinel node can 
also be involved. 

To detect the sentinel node, technetium-99m 
nanocolloid is injected around the penile tumor 
intradermally a day before surgery and in addition shortly 
before the operation, 1 mL of patent blue dye is injected 
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intradermally. Lymphoscintigraphy will identify the 
approximate location of the sentinel node, and the area is 
marked on the skin.** 

During the process of dissection, the sentinel lymph 
nodesare detected intraoperatively bylymphoscintigraphic 
imaging with a gamma-ray detection probe and patent blue 
dye staining. They are then isolated and removed. Positive 
findings on either frozen section or definitive histology; 
a formal inguinal lymphadenectomy is performed. This 
technique was advocated only for centers that performs at 
least 20 procedures per year.**° 


Video Endoscopic Inguinal Lymphadenectomy" 


A minimally invasive endoscopic procedure called 
video endoscopic inguinal lymphadenectomy (VEIL) 
for removing inguinal nodes with a low complication 
rate.” This recently described technique is derived from 
laparoscopic surgery and has been evaluated only in 
small pilot studies. It seems to carry a lower risk of skin 
complications but a higher risk of lymphocele formation 
compared with an open approach. 


Morbidity of Inguinal Lymphadenectomy 


The surgical morbidity is a significant problem after 
radical inguinal lymphadenectomy. Wound infection, 
skin necrosis, wound dehiscence and lymphocele have 
been reported in a high proportion of cases. This has 
led to modified approaches and the development of 
new techniques. Improved intra- and postoperative 
management with better knowledge of the potential 
complications may contribute to a reduction of morbidity. 


Radiation Therapy for Penile Cancer 


Theradiationtherapycan beusedasanalternativetosurgery 
in selected patients. Psychological trauma associated with 
partial or complete penectomy has encouraged radiation 
therapists to explore various techniques of treatment 
for penile cancer, but unfortunately, few patients with 
penile cancer are candidates for radiation therapy. The 
advantages of radiation therapy are the potential to 
maintain potency.'® 

Radiation therapy has disadvantages. Squamous 
cell carcinomas tend to be resistant and the high tumor 
dose (i.e. 0.6 Gy) necessary to treat the tumor may 
cause urethral fistula, strictures, penile necrosis, pain, 
and edema. If the cancer is infected, the therapeutic 
effect of the radiation is diminished while the risk of 
complications is increased. 


Chapter 153 Penile Cancer 


Selection of the penile cancer patients for radiation 
therapy is important and may include young men with 
small (i.e. < 3 cm) superficial, exophytic lesions or 
noninvasive cancers on the glans or coronal sulcus. Other 
indication for radiation therapy may be the patients who 
refuse surgery or who have metastatic disease and need 
some form of palliative therapy. 

Prior to radiation therapy for penile cancers involving 
the prepuce or glans a circumcision is recommended 
which may allows better evaluation of the tumor stage 
and minimizes the morbidity associated with therapy. 
Radiation induced morbidity includes swelling, irritation, 
moist desquamation, phimosis and infection. 


External Beam Radiation Therapy 


Most widely accepted schedule for cancers smaller than 4 
cm is 4,000 cGy in 20 fractions over 4 weeks to the entire 
shaft of the penis. Megavoltage beams with low-energy 
photons are delivered by opposed ports. Primary lesion 
and margins are boosted with an additional 0.02 Gy. In 
carefully selected patients, the local control rate varies 
from 60 to 90%. Salvage surgery can be performed if local 
recurrence or significant adverse effects occur.”**” 


Brachytherapy”?*® 


Two techniques have been described. In the first technique, 
a radioactive mold is placed over the penis and is worn by 
the patient for 12 hours per day for 7 days. This delivers a 
0.6-Gy dose to the tumor and a 0.5-Gy dose to the urethra. 

Other technique involves iridium (Ir) 192, which 
is placed into the penis and is removed when the 
predetermined dose has been delivered. Prior to 
brachytherapy a circumcision is recommended prior to 
therapy, and the tumor should be smaller than 4 cm with 
less than 1 cm of corporal invasion. If the criterias are 
met, local control rates with penile preservation range 
from 58-89%. 


Chemotherapy for Metastatic Penile Cancer 


A number of anti-cancer chemotherapy and schedules 
have been used to treat patients with metastases beyond 
the pelvic and inguinal lymph nodes. The common 
drugs include cisplatin, bleomycin, methotrexate and 
fluorouracil. The response rates for cisplatin monotherapy 
range from 15-23% and these have been largely partial 
responses of short duration. Use of bleomycin alone or 
combined with radiation or vincristine and methotrexate 


has yielded a partial and/or complete response rate 
of 45% in patients with minimal metastatic disease. 
Chemotherapy may be ineffective in treating patients with 
large tumor burdens.” 


COMPLICATIONS 


Significant surgical complications are associated with 
excision of the primary tumor or partial or complete 
penectomy and they may include infection, edema 
or urethral stricture if a new urethral meatus must be 
constructed. 

The complications associated with inguinal node 
dissections are more common and are generally associated 
with more extensive dissections. The early complications 
include wound infection, seroma, skin flap necrosis, 
phlebitis and pulmonary embolus. The late complications 
include lymphedema ofthe scrotum and lower extremities. 

The complications associated with radiation therapy 
are primarily observed when tumors larger than 4 cm 
are treated. Radiation induced complication include 
urethral strictures which are reported in up to 50% of the 
patients with urethral fistula, penile necrosis, edema, 
and penile pain. 


Follow-up of Patients with Penile Cancer 


The follow-up of patients with penile cancer is necessary 
to evaluate response following surgery, laser therapy or 
radiation therapy and the frequency of follow-up visits 
depends on the therapy, but long-term observation is 
necessary to detect any areas of tumor recurrence. History 
and physical examination can be used to detect local 
recurrences or recurrence in the inguinal lymph nodes. 
Chest radiography and CT scanning of the abdomen and 
pelvis can help detect recurrences in the lungs or lymph 
nodes. 


PREVENTION OF PENILE CANCER 


The carcinoma of the penis is a disease which can be 
prevented. The patients with phimosis should undergo 
corrective surgery as phimosis prevents adequate 
inspection and cleanliness of the glans. Practice of 
circumcising male infants should enhance the chances 
for good penile hygiene and this should be associated 
with less possibility of developing carcinoma of the penis. 
Advanced investigation and further knowledge of the 
interaction of the HPVs with carcinoma of penis may bring 
better understanding of the possibility of prevention.” 
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CONCLUSION 


Carcinoma of the penis is a preventable disease, the 
incidence and morbidity of which should decrease with 
improvement of socio-economic conditions and the 
practice of circumcision early in life. Most controversy 
in the treatment of penile cancer lies in the indication 
and extent of inguinal lymphadenectomy. The patients 
of penile cancer with clinically palpable or radiologically 
demonstrable lymph nodes after an adequate course of 
antibiotic therapy should undergo surgical treatment 
and the extent of the surgical ablation depends on the 
size and extent of the apparent nodal involvement. A 
decision must be made regarding a superficial node 
dissection which is associated with less morbidity or a 
full inguinal node dissection, which includes the nodes 
in the femoral triangle. 
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PRELUDE 


The testis is responsible for production of spermatozoa 
which pass into the epididymis and along the vas deferens 
to be stored in the ampulla of the vas in preparation for 
ejaculation. The testis also produces the male sex hormone- 
testosterone, inhibin, and small amount of estrogens and 
also prostaglandins." 


MACROSCOPIC ANATOMY (FIG. 154.1) 


The testis lies anteriorly in the scrotum and has the 
epididymis attached to its posterior surface. Each testis has 
a thick fibrous capsule (tunica albuginea) and is covered 
on its anterior and lateral surfaces by the tunica vaginalis; 
there is normally a small amount of serous fluid between 
the parietal and visceral layers of the tunica vaginalis. 

The blood supply to the testis is via the testicular artery, 
which arises directly from the abdominal aorta, reflecting 
the embryological origin of the testis from the posterior 
abdominal wall. Most testes have also collaterals from 
cremesteric vessels. Due to this fact in almost all case 
the testicular artery may be divided safely to bring the 
undescended testis down (Stephen-Fowler’s procedure). 
Venous drainage is via a venous plexus in the spermatic 
cord (pampiniform plexus) to the testicular vein. On the 
right, the testicular vein passes directly into the inferior 
vena cava, whilst on the left it drains into the left renal vein. 
Lymphatic drainage follows the arterial supply passing to 
para-aortic lymph nodes; there is no drainage of testicular 
lymph to inguinal nodes.”° 

The epididymis consists of head, body and tail applied 
to the back of the testis. The head of the epididymis is 
connected to the testis by the vasa efferentia while the 
tail gives rise to the vas deferens. The blood supply of 
epididymis is obtained from intrascrotal branches of the 
testicular artery.”° 


The Testis and Epididymis 


Laila Anjuman Banu 


Fig. 154.1: Anatomy of the male genital organs 


HISTOLOGY 


Each testis is composed of approximately 600 coiled 
seminiferous tubules (Fig. 154.2). Each tubule has a base- 
ment membrane and contains several layers of developing 
germinal cells supported by Sertoli cells. The basal layer of 
germ cells consists of spermatogonia which divide to form 
primary spermatocytes. These undergo meiotic division 
to form secondary spermatocytes and these, in turn, 
divide to form spermatids, which eventually mature into 
spermatozoa (Fig. 154.3). 
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Fig. 154.3: Microscopic details of spermatogenesis 


Between the seminiferous tubules lie the interstitial 
(Leydig) cells, which are responsible for testosterone 
production. !™?? 

The head of the epididymis contains a number of 
coiled tubes (lobules) which receive spermatozoa from 
the testis via the vas efferentia. The lobules merge into a 
single convoluted duct to form the body and tail of the 
epididymis, and this duct expands near the tail of the 
epididymis to become the vas deferens. 


THE VAS DEFERENS AND SEMINAL VESICLE 


The vas deferens is a small-caliber muscular tube, 
approximately 45-cm long. It arises from the tail of the 


Fig. 154.4: Male genital organs 


epididymis and passes upwards to traverse the scrotum 
and inguinal canal in the spermatic cord. It enters the 
pelvis via the internal inguinal ring and runs along the 
lateral pelvic wall before turning medially at the level 
of the ischial tuberosity towards the base of the bladder. 
Here, it becomes sacculated and convoluted (ampulla of 
the vas) before joining the most laterally placed seminal 
vesicle to form the ejaculatory duct. The ejaculatory duct 
pierces the prostate and opens into the urethra by the side 
of the verumontanum."* 

The seminal vesicle is a coiled, sacculated, muscular 
tube, which lies extraperitoneally at the bladder base (Fig. 
154.4). Each vesicle can hold 1.5-2.5 mL of seminal fluid. 
This fluid makes up 80% of the volume of the ejaculate 
and contains nutrients (such as fructose) for the sperm 
together with enzymes that dissolve cervical mucus. 
Muscular contraction of the vas deferens and seminal 
vesicles occurs during ejaculation and emission of semen. 
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PRELUDE 


Peyronie’s disease was described in 1742 by Francois 
de la Peyronie (Fig. 155.1). It is a local vasculitis like 
inflammatory reaction. It is of unknown etiology affecting 
middle aged and elderly men, which results in fibrosis and 
plaque formation in the tunica albuginea of the corpora 
cavernosa. Patients may present with pain during erection 
and induration of the penile shaft, often with fibrotic or 
calcified plaques, which produce a bending deformity on 
erection. Impotence is noted in some cases of Peyronie’s 
disease. Spontaneous resolution of plaque and restoration 
of sexual function can be expected in up to 50% of 
patients; however, extensive plaques with calcification are 
unlikely to resolve. Due to fibrosis and plaque formation 
the functional erectile cavernous tissue mass is reduced 
causing impotence. 


PATHOPHYSIOLOGY 


Although the exact etiology of Peyronie’s disease is not 
clear, trauma may cause perivascular inflammation.’ 
In ordinary tissue, the rupture of blood vessels leads 
to coagulation and fibrin deposition. Fibrinolysis of 
the deposited fibrin occurs as tissue cells proliferate to 
close the site of injury. In Peyronie’s disease, the tunica 
albuginea may initially undergo microvascular trauma 
during sexual intercourse. 

After multiple microvascular traumas, large quantities 
offibrin accumulate in the form ofa plaque, generally along 
the dorsal and ventral midline aspects of the penile shaft. 
This deposition appears to be immune mediated. Some 
people may be genetically predisposed to this reaction. 
The plaque prevents the adequate expansion of the tissue 
during erection, leading to penile curvature and pain. 
The relationship of this condition to other fibromatoses 
suggests a predisposition to fibrous proliferation. Although 
these microtraumatic events are implicated in the current 
theory of the pathogenesis of Peyronie’s disease, no 
etiology is proven (Fig. 155.2). 


Peyronie's Disease 
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Fig. 155.1: Francois de la Peyronie 


Fig. 155.2: Peyronie's disease 


Results of animal studies indicate that transforming 
growth factor-beta (TGF-beta) may be involved in 
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the formation of the plaques via early inflammatory 
reactions. When TGF-beta analogs are injected into rat 
tunica albuginea, they form collagen bundles that are 
morphologically similar to those in Peyronie disease. 

Peyronie’s disease may start in one of two ways. Most 
patients report the acute onset of pain accompanied by a 
lumpin the shaft ofthe penis, followed by graduallyincreasing 
curvature with or without pain. Alternatively, a minority of 
the patients report curvature of the penile shaft that occurs 
suddenly, seemingly overnight and remains stable once it 
occurs. In the progressive form, the cycle of trauma, fibrin 
deposition and attempts at fibrinolysis continue to escalate. 
Remodeling of the fibrin deposits can take as long as 2 years 
in the absence of further traumatic events. 


CAUSES OF PEYRONIE’S DISEASE 


Although microtraumatic events are implicated in the 
current theory of the pathogenesis of Peyronie disease, 
no etiology is proven. No risk factors are known, but 
associations do exist. Research has demonstrated 
increased expression of hypoxia-inducible target genes in 
lesional tissue, suggesting hypoxic injury may be involved 
in the pathogenesis.'? 

Peyronie disease occurs in men, particularly in older 
men with weak erections, who engage in frequent and 
vigorous intercourse (more than four times per week). 
In some studies, HLA-B7 and HLA-DQ5 appear to be 
correlated with the incidence of Peyronie’s disease. Results 
of recent studies have not confirmed this finding.’ 

Peyronie’s disease may be associated with erectile 
dysfunction, diabetes mellitus and hypertension. Resultant 
partial erections may lead to buckling during intercourse. 
Peyronie’s disease is associated with Dupuytren 
contracture. Among patients with Peyronie’s disease, 
10% have Dupuytren contracture and 3% of patients with 
Dupuytren contracture have Peyronie’s disease.* 

Peyronie’s disease is associated with sporadic 
and familial knuckle pads, which are circumscribed 
fibromatous thickenings overlying the finger joints. 
Systemic sclerosis has been seen with Peyronie disease. 
Occasionally, Peyronie’s disease is associated with 
fibromatous degeneration of the external ear cartilage. 
Antielastin antibodies, anti-DNA antibodies and elevated 
antinuclear antibody (ANA) levels have been found in 
association with Peyronie’s disease. Peyronie’s disease 
itself is not associated with penile fracture.** 


Differential Diagnoses 


e Congenital penile curvature 
e Artificial penile nodules (e.g. Tancho nodules, bulleetus) 


e Fracture of the penis 

e Penile dorsal vein thrombosis 

e Leukemic infiltrate of the penis 

e Late syphilitic lesions 

e Lymphogranuloma venereum infiltration of the penis 


WORK-UP 
Imaging Studies 


The diagnosis of Peyronie’s disease is based on the 
features of the history and the physical examination 
findings. Radiographs depict plaque calcifications in 
20% of patients. The presence of calcifications indicates 
advanced disease that is unlikely to regress spontaneously. 
Calcifications on radiographs are an indication for surgical 
intervention. 

Doppler studies and dynamic-infusion pharmaco- 
cavernosometry can be performed on an artificially erect 
penis to further identify lesions and any secondary filling 
defects. High-resolution ultrasonography is the definitive 
imaging study, although it is not frequently required to 
confirm the diagnosis. Ultrasonography may be helpful 
before definitive surgical intervention is planned. Magnetic 
resonance imaging (MRI) of the plaques is experimental 
and unnecessary. It can be used to delineate inflamed 
plaques that are too soft or not dense enough to be detected 
with ultrasonography or radiography.’ 

The results from scintigraphy with technetium-99m 
(Tc) human immunoglobulin G were found in a 
recent study to correlate with unstable plaques that may 
respond to medical treatment. The lack of "Tc human 
immunoglobulin G positivity correlated with stable 
plaques, which are usually considered resistant to medical 
therapy and better suited for surgical intervention.® 


Histologic Findings 


In early Peyronie’s disease, an inflammatory reaction 
occurswith thickening ofthe tunicaalbuginea, the deposition 
of fibrin and the loss of elastic fibers. Soon, nodular and/ 
or diffuse bands of fibroblasts and myofibroblasts are 
surrounded by dense masses of collagen. These changes 
may extend into the underlying corpora cavernosa. Late- 
stage calcification or ossification may be seen. 


TREATMENT 


Medical Care 


Medical care for Peyronie’s disease is focused on patient 
education and anecdotally effective medical therapies. 
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A new possible therapy is an injectable collagenase 
product, collagenase Clostridium histolyticum (Xiaflex), 
which was recently approved by the US Food and Drug 
Administration (FDA) for the treatment of Dupuytren 
contracture.’ 

Pentoxifylline, a nonselective phosphodiesterase 
inhibitor, has been found to reduce Peyronie’s disease 
plaque size and penile curvature in one double-blind, 
placebo-controlled trial. 

Other medical therapies are mostly of marginal and 
anecdotal benefit. Their effects are hard to evaluate because 
ofthe variable natural history of Peyronie’s disease. Although 
many remedies exist, no one medical therapy is clearly 
superior to any other. Treatments range from oral vitamin 
E administration to low-dose radiation to intralesional 
injections of calcium channel blockers. Acetyl-L-carnitine, 
propionyl-L-carnitine, verapamil and interferon alfa-2b 
have limited but reasonable data sets supporting their use.” ° 

If erectile dysfunction is present, the condition is 
unlikely to improve with treatment of the Peyronie plaque 
alone. The use ofsildenafilwith an intracavernousinjection 
treatment or a vacuum device is indicated. Intracavernous 
injections may worsen penile scarring and the treatments 
must be monitored carefully. Intralesional injections of 
interferon alfa-2a may be effective.’ 

Iontophoresis is the use of an electric current to 
pull medications through the skin to specific sites. This 
electromotive drug administration has been used to treat 
Peyronie’s disease with various combinations of orgotein, 
dexamethasone, lidocaine and verapamil. The technique 
is experimental. Since 2003, several studies have reported 
some success with a combination of verapamil, lidocaine 
and iontophoresis." 

Therapies to avoid in Peyronie’s disease include 
intralesional steroid injections which may induce more 
inflammation, and oral procarbazine administration 
which is not effective and may cause blood dyscrasias. 
Steroid injections (e.g. triamcinolone injections) may be 
contraindicated in the treatment of Peyronie’s disease. 
Conflicting reports demonstrating some efficacy to 
intralesional steroid injections may, in fact, represent the 
mechanical destruction of the plaques with the volume of 
fluid injected and not the actual compound itself. Another 
technique called extracorporeal shockwave therapy, 
similar to that which is commonly used to destroy kidney 
and salivary gland stones, has been reported as another 
treatment modality for Peyronie’s disease. Conflicting 
reports and concerns over causing increased inflammation 
and damage limit the usefulness of this therapy.”°* 


Radiation therapy has also been us ed successfully 
in Peyronie’s disease, although standardization of 
treatment and a determination of the optimal regimen is 
needed.**5 


Surgical Care 


Evaluation of chordee may be important step before 
the intervention. An intracorporeal injection of a 
vasodilator can be used to determine the patient’s erectile 
capability and the extent of penile distortion. Alprostadil 
(prostaglandin E1) or various combinations of alprostadil, 
phentolamine, and/or papaverine can be used to induce 
this artificial erection.” 

Surgical care for Peyronie’s disease is focused only on 
those with significant morbidity and Peyronie’s disease 
that is resistant to medical treatment. Surgery may be 
indicated after a 12- to 18-month observational period 
during which the Peyronie’s disease is shown to be stable. 
For the best results, the Peyronie’s disease plaques and the 
angulation of the penis should be stable for several months 
prior to surgery. Unless the initial inflammatory phase of 
Peyronie’s disease resolves, it continues after surgery and 
increases the likelihood of recurrence.” * 

Common surgical correction methods include the 
following: 


The Nesbit tuck procedure: Unaffected tunica albuginea 
is removed from the side of the penile shaft immediately 
opposite the Peyronie’s disease plaque to straighten and 
shorten the penis. For this procedure to work, potency 
should be normal and the penile curvature should be less 
than 60°. 


Tunica plication procedure: The tunica albuginea is 
plicated (not excised) to straighten the penis.” This 
technique also causes penile shortening. 


Plaque excision and grafting: This procedure may be 
performed to preserve penile length when the curvature 
is greater than 60°.*° 


Plaque excision and penile prosthesis insertion: 
This method is useful when comorbid severe erectile 
dysfunction is present.” Newer surgical techniques for 
Peyronie’s disease include the thinning of the plaque with 
carbon dioxide lasers.” A sex therapist may provide useful 
adjunct care, both to underscore the realistic expectations 
and to evaluate comorbid sexual dysfunction. 
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The advantages and disadvantages of various grafting 
materials have long been debated. While artificial 
materials have been used, the inflammatory reaction from 
these grafts has produced poor results. 

Dermal, venous and tunica vaginalis grafts require 
additional operative time to harvest and their quality varies. 

Packaged grafts of autologous materials provide a 
readily available, reliable and well-tolerated choice for 
penile reconstruction for Peyronie’s disease. These grafting 
materials may include cadaveric pericardium, Dura 
matter, etc. 

The ideal graft substitute continues to elude us, 
cadaveric pericardial graft appears to be a suitable 
substitute for the tunica albuginea which is excised. 
Functional and surgical results are comparable to dermal 
and other graft materials with a saving in harvesting time. 


Follow-up 


Radiation treatment may be recommended for early, 
especially painful situations. Radiation from a beta- 
beam linear accelerator is used to reduce inflammation. 
This treatment does not change or remove late-stage 
postinflammatory plaques. Extracorporeal shock-wave 
therapy may help in treating the curvature associated with 
Peyronie’s disease. This treatment does not help the pain 
and is still experimental. 


Prevention 


No method for absolute prevention is known. Theoretically, 
patients with Peyronie’s disease should avoid vigorous 
intercourse with a weak erection. If the patient has 
diabetes, it should be controlled. 


PROGNOSIS AND COMPLICATIONS 


Peyronie’s disease only occasionally, if ever, disappears 
completely. The pain may diminish or resolve after 
the early inflammatory phase, and as many as 13% of 
patients claim to have some improvement with time. 
Approximately one-half of the remaining individuals have 
progressive disease, whereas the other half individuals 
have static disease. Variable degrees of morbidity may 
occur. Conditions range from a static painless plaque 
without penile angulation to painful erections with a 
curvature significant enough to prevent sexual activity. 
Complications of Peyronie’s disease include the complete 
inability to maintain sexual performance. 
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PRELUDE 


Rajeev Kumar 


Infertility is defined as the inability to achieve pregnancy 
after 1 year of unprotected intercourse. An estimated 15% 
of couples meet this criterion and are considered infertile, 
with approximately 35% due to female factors alone, 30% 
due to male factors alone, 20% due to a combination of 
female and male factors and 15% unexplained. Conditions 
of the male that affect fertility are still generally under 
diagnosed and undertreated About one-third of cases 
of infertility result from pathologic factors in the man, 
one-third from factors in the woman, and one-third from 
contributing factors in both. Therefore, the male factor is at 
least partly responsible in about 50% of infertile couples.' 

Factors responsible for infertility in men can be broadly 
classified into: 

e Defective spermatogenesis 
e Abnormal maturation and 
e Defective transportation. 

This understanding allows appropriate evaluation and 
helps to define a course of action for treatment. 

The initial evaluation of the male patient should be 
rapid, noninvasive and cost-effective, as nearly 70% of 
conditions that cause infertility in men can be diagnosed 
with history, physical examination, and hormonal 
and semen analysis alone. More detailed, expensive 
and invasive studies can then be ordered if necessary. 
Management of male infertility is based on the underlying 
etiology and range from optimizing semen production 
and transportation with medical therapy or surgical 
procedures to complex assisted reproduction techniques. 


Pathophysiology of Male Infertility and 
Hypothalamic-Pituitary-Gonadal Axis 


Gonadal and sexual functions are mediated by the 
hypothalamic-pituitary-gonadal axis, a closed-loop 
system with feedback control from the testicles. The 
hypothalamus, the primary integration center, responds to 
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various signals from the CNS, pituitary gland and testicles 
to secrete gonadotropin-releasing hormone (GnRH) in a 
pulsatile pattern approximately every 70-90 minutes. The 
half-life of GnRH is 2-5 minutes. 

Release of GnRH is stimulated by melatonin from 
the pineal gland and inhibited by testosterone, inhibin, 
corticotropin-releasing hormone, opiates, illness and 
stress. GnRH travels down the portal system to the anterior 
pituitary, located on a stalk in the sella turcica, to stimulate 
the release of the gonadotropins, luteinizing hormone 
(LH) and follicle-stimulating hormone (FSH). The pulsatile 
nature of GnRH is essential to normal gonadotropin 
release; a continuous stimulation inhibits their secretion 
(Fig. 156.1).2” 

The physiology of the hypothalamic-pituitary- 
gonadal (HPG) axis plays a critical role in each of the 
following processes, the last two of which are relevant for 
reproduction: 

e Phenotypic gender developmentduring embryogenesis 
e Sexual maturation during puberty 

e Endocrine function of the testis: Testosterone 

e Exocrine function of the testis: Sperm 

Hypothalamus also produces thyrotropin-releasing 
hormone (TRH) and vasoactive intestinal peptide (VIP), 
both of which stimulate prolactin release from the 
anterior pituitary, and dopamine which inhibits prolactin 
release. Men with elevated prolactin levels present with 
gynecomastia diminished libido, erectile dysfunction 
and occasionally galactorrhea. Prolactin inhibits the 
production of GnRH from the hypothalamus and LH 
and FSH from the pituitary. Gonadotropin release is 
modulated by various other signals, such as estradiol (a 
potent inhibitor of both LH and FSH release), and inhibin 
from the Sertoli cell which causes a selective decrease in 
FSH release. 

Follicle-stimulating hormone and LH are released 
into system circulation and exert their effect by binding to 
plasma membrane receptors of the target cells. LH mainly 
functions to stimulate testosterone secretion from the 
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Fig. 156.1: Male infertility. Hypothalamic-pituitary-gonadal axis 
stimulatory and inhibitory signals. Gonadotropin-releasing hormone 
(GnRH) from the hypothalamus stimulates the release of follicle- 
stimulating hormone (FSH) and luteinizing hormone (LH) from 
the pituitary. FSH stimulates the Sertoli cells to facilitate sperm 
production, while LH stimulates testosterone release from the Leydig 
cells. Feedback inhibition is from testosterone and inhibin 


Leydig cells of the testicle, while FSH stimulates Sertoli 
cells to facilitate germ cell differentiation. 

Testosterone is secreted in a diurnal pattern, peaking 
early in the morning. In the body, testosterone circulates 
2% in the free form, 44% bound to sex hormone-binding 
globulin (SHBG) and 54% bound to albumin. Testosterone 
is converted to dihydrotestosterone (DHT) by the action of 
5-alpha reductase, both locally and in the periphery and 
to estrogen in the periphery. Testosterone and estradiol 
function as feedback inhibitors of gonadotropin release. 

The testicle contains the Leydig cells and the Sertoli 
cells and is covered by the tunica albuginea which also 
provides septae that divide it into approximately 200-350 
pyramids. These pyramids are filled with the seminiferous 
tubules. A normal testicle contains 600-1,200 seminiferous 
tubules with a total length of approximately 250 meters. 
The interstitium between the seminiferous tubules 
contains the Leydig cells, fibroblasts, lymphatics, blood 


vessels and macrophages. Histologically, Leydig cells are 
polygonal with eosinophilic cytoplasm. Occasionally, the 
cytoplasm contains crystalloids of Reinke after puberty.** 

Seminiferous tubules are made up of Sertoli cells and 
germ cells and are surrounded by peritubular and myoid 
cells. 

Sertoli cells are columnar with irregular basal nuclei 
that have prominent nucleoli and fine chromatin. They rest 
on the basement membrane and serve mainly to support, 
nourish and protect the developing germ cells and to provide 
a blood-testis barrier to provide a microenvironment that 
facilitates spermatogenesis and maintains the germ cells in 
an immunologically privileged location (Fig. 156.2). 

Sertoli cells also secrete inhibin which provides 
negative feedback on the hypothalamus and androgen- 
binding protein which helps modulate androgen activity 
in the seminiferous tubules. In addition to FSH, Sertoli cell 
function is modulated by intratesticular testosterone and 
signals from peritubular myoid cells. 

Germ cells (precursors to spermatozoa) are derived from 
the gonadal ridge and migrate as gonadocytes to the testicle 
before testicular descent. In response to FSH stimulation at 
puberty, germ cells become spermatogonia and undergo 
an ordered maturation to become spermatozoa. The 
entire process of development from spermatogonium to 
spermatid takes 74 days and is described in 14 steps; as 
they mature the developing spermatids progress closer to 
the lumen of the seminiferous tubule. 
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Fig. 156.2: Spermatogenesis 
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Primary spermatocytes undergo meiosis as the cells 
successively pass through the preleptotene, leptotene, 
zygotene and pachytene stages to become secondary 
spermatocytes. During this time, the cells cross from 
the basal to the adluminal compartments. Secondary 
spermatocytes contain smaller nuclei with fine chromatin. 
The secondary spermatocytes undergo a second meiosis 
and become spermatids. This reduction division (i.e. 
meiosis) results in a haploid chromosome number. 
Therefore, a total of four spermatids are made from each 
spermatocyte. 

Next, the spermatids undergo the process of 
spermiogenesis which involves the casting of excess 
cytoplasm away as a residual body, the formation of the 
acrosome and flagella, and the migration of cytoplasmic 
organelles to their final cellular location. The acrosome, 
a derivative of the Golgi process, surrounds the nucleus 
anteriorly and contains enzymes necessary to penetrate 
the ovum. The mature spermatid is then located adjacent 
to the tubule lumen and contains dark chromatin with an 
oval-shaped nucleus. 

After their release from the Sertoli cells into the lumen 
of the seminiferous tubules, the spermatids successively 
pass through the tubuli recti, rete testis, ductuli efferentes, 
and, finally, the epididymis. The epididymis is a 3- to 
4-cm long structure with a tubular length of 4-5 m. As 
sperm move from the head to the tail, they mature and 
acquire fertilization capacity. Sperm from the head 
move with immature wide arcs and are generally unable 
to penetrate the egg, while those from the tail propel 
forward and have better penetration capacity. The transit 
time varies with age and sexual activity but is usually 
from 1-12 days. The epididymis additionally secretes 
substances for sperm nutrition and protection such as 
glycerophosphorylcholine, carnitine and sialic acid. 

Sperm next enter the vas deferens, a 30- to 35-cm 
muscular conduit of Wolffian duct origin. The vas is divided 
into the convoluted, scrotal, inguinal, retroperitoneal and 
ampullary regions and receives its blood supply from 
the inferior vesicle artery. In addition to functioning 
as a conduit, the vas also has absorptive and secretory 
properties. During emission, sperm are propelled 
forward by peristalsis. After reaching its ampullary 
portion behind the bladder, the vas joins with the seminal 
vesicles, at the ejaculatory duct, which empties next to the 
verumontanum of the prostate. During ejaculation, the 
ejaculate is propelled forward by the rhythmic contractions 
of the smooth muscle that surrounds the ducts and by the 
bulbourethral muscles and other pelvic muscles. Bladder 
neck closure during ejaculation is vital to ensure antegrade 
ejaculation. 


Normal ejaculate volume ranges from 1.5 to 5 mL and 
has a pH level of 7.05-7.8. The seminal vesicles provide 
40-80% of the semen volume, which includes fructose for 
sperm nutrition, prostaglandins and other coagulating 
substances, and bicarbonate to buffer the acidic vaginal 
vault. Normal seminal fructose concentration is 120-450 
mg/dL, with lower levels suggesting ejaculatory duct 
obstruction or absence of the seminal vesicles. The 
prostate gland contributes approximately 10-30% (0.5 mL) 
of the ejaculate. Products include enzymes and proteases 
to liquefy the seminal coagulum. This usually occurs 
within 20-25 minutes. The prostate also secretes zinc, 
phospholipids, phosphatase and spermine. The testicular- 
epididymal component includes sperm and comprises 
about 5% of the ejaculate volume. 

In addition to the components already listed, semen 
is also composed of secretions from the bulbourethral 
(Cowper) glands and the (periurethral) glands of Litre, 
each producing 2-5% of the ejaculate volume, serving 
mainly to lubricate the urethra and to buffer the acidity 
of the residual urine. The ordered sequence of release is 
important for appropriate functioning. 

For conception, sperm must reach the cervix, penetrate 
the cervical mucus, migrate up the uterus to the fallopian 
tube, undergo capacitation and the acrosome reaction 
to digest the zona pellucida of the oocyte, attach to the 
inner membrane, and release its genetic contents within 
the egg. The cervical mucus changes consistency during 
the ovulatory cycle, being most hospitable and easily 
penetrated at mid-cycle. After fertilization, implantation 
may then take place in the uterus. Problems with any of 
these steps may lead to infertility. 

The effect of aging on fertility is unclear. As men age, 
their testosterone levels decrease, while estradiol and 
estrone levels increase. Studies have shown that, as men 
age, their sperm density decreases. Young men have 
spermatids present in 90% of seminiferous tubules, which 
decreases to 50% by age 50-70 years and to 10% by age 80 
years. Additionally, 50% of Sertoli cells are lost by age 50 
years, 50% of Leydig cells are lost by age 60 years. Despite 
this, aging men may achieve fertility rates similar to those 
in younger men, although conception often takes longer. 


WORK-UP 


History 


The initial step in the evaluation of an infertile male is to 
obtain a thorough medical and urologic history. Important 
considerations include the duration of infertility, 
previous fertility in the patient and the partner and prior 
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evaluations. The couple should be asked specifically about 
their sexual habits, including their level of knowledge of 
the optimal timing of intercourse and the use of potentially 
spermatocytic drugs and lubricants. 

Patients should be asked about a history of childhood 
illnesses such as testicular torsion, postpubertal mumps, 
developmental delay, and precocious puberty as well as 
urinary tract infections, sexually transmitted diseases and 
bladder neck surgery. A history of neurological diseases, 
diabetes, and pulmonary infections should be elicited. 
Anosmia (lack of smell), galactorrhea, visual-field defects, 
and sudden loss of libido could be signs of a pituitary 
tumor. The status of the partner’s workup should also be 
known. 


Timing of Puberty (Early, Normal, or Delayed) 


Precocious puberty, defined as the onset of puberty 
before age 9 years in males, may be the sign of a serious 
underlying endocrinologic disorder. Hormonally active 
tumors from the testicle, adrenal gland, or pituitary, along 
with adrenal hyperplasia, may result in early puberty. In 
contrast, a delay in puberty may be caused by problems 
with testosterone secretion due to hypothalamic, pituitary, 
or testicular insufficiency or to end-organ androgen 
insensitivity. 


Childhood Urological Disorders or Surgery 


Both unilateral and bilateral cryptoorchidism are 
associated with a decrease in sperm production and semen 
quality, regardless of the timing of orchidopexy. Patients 
with hypospadias may not place the semen at the cervical 
os. Prenatal exposure to diethylstilbestrol (DES) may cause 
epididymal cysts and cryptorchidism. Prior bladder neck 
procedure, such as a V-Y plasty performed at the time of 
ureteral reimplantation, may lead to retrograde ejaculation. 
The vas deferens or the testicular blood supply may be 
injured or ligated at the time of inguinal surgery, hernia 
repair, hydrocelectomy, or varicocelectomy. Testicular 
torsion and trauma may result in testicular atrophy and the 
production of antisperm antibodies. 


Medical History 


Diabetes may cause autonomic neuropathy, neurogenic 
impotence and retrograde ejaculation. Obesity alters 
hormonal metabolism, leading to increased peripheral 
conversion of testosterone to estrogen and decreased LH 
pulse amplitude. Sickle cell disease may lead to sickling 
and, therefore, direct testicular ischemia and damage. 
Patients with sickle cell disease may have infertility due to 


hemosiderosis from multiple blood transfusions. Chronic 
renal failure leads to hypogonadism and feminization. 
Liver disease may result in decreased male secondary 
sexual characteristics, testicular atrophy and gynecomastia 
due to increased estrogen levels. Hemochromomatosis 
leads to hypogonadism and signs of androgen deficiency 
without gynecomastia and is associated with decreased 
estradiol levels. Postpubertal mumps may lead to testicular 
atrophy. Sexually transmitted diseases and tuberculosis 
can cause obstruction of the vas deferens or epididymis. 
Mycoplasma fastens itself to sperm, decreasing sperm 
motility. Smallpox, prostatitis, orchitis, seminal vesiculitis 
and urethritis may lead to obstructive azoospermia. 


Acute and Chronic Medical Illnesses 


Patients should be asked about recent acute febrile 
illnesses, which may temporarily suppress gonadotropin 
release. The decrease in sperm production may not be 
realized until 1-3 months later. Anesthesia, surgery, 
starvation, myocardial infarction, hepatic coma, head 
injury, stroke, respiratory failure, congestive heart failure, 
sepsis and burns are associated with a suppression of 
gonadotropin release, possibly through an increase in 
dopamine and opiate levels. Chronic medical illnesses 
may directly suppress sex hormone production and sperm 
production, leading to end-organ failure. 


Sexual History 


The frequency, timing, and methods of coitus and 
knowledge of the ovulatory cycle should be elicited. 
Studies show that the optimal timing for intercourse is 
every 48 hours at mid-cycle. Lubricants such as Surgilube, 
Keri lotion, KY Jelly, and saliva are spermatotoxic, whereas 
egg whites, peanut oil, vegetable oil and petroleum jelly 
are not known to be spermatotoxic but still should be 
used in only the smallest amounts possible if needed for 
lubrication during intercourse. 

Testicular cancer is associated with impaired 
spermatogenic function, even before orchiectomy, with a 
degree of dysfunction higher than that explained by local 
tumor effect. Oligospermia is observed in more than 60% 
of patients at the time of diagnosis of testicular cancer. 
Germ cell tumors may to share common etiological factors 
with testicular dysfunction, such as testicular dysgenesis, 
androgen insensitivity, and cryptorchidism. Contralateral 
abnormalities of spermatogenesis are more common 
in patients with testicular cancer. Sperm function often 
remains impaired, even after orchiectomy. 

Chemotherapy has a dose-dependent effect on germ 
cells. Alkylating agents, such as cyclophosphamide, mustine 
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and chlorambucil, severely alter the seminiferous tubules 
and destroy spermatogonia. (Note that chemotherapy 
is also mutagenic, so sperm should be donated before 
treatment, or attempts at conception should be postponed 
until greater than 1 year after treatment). Retroperitoneal 
Lymph node dissection (RPLND) may impair emission 
(of semen into the urethra) and/or cause retrograde 
ejaculation. Radiation therapy affects mainly Type B 
spermatogonia and, possibly, spermatocytes. A dose of as 
little as 0.15 Gy may cause irreversible damage, although 
complete recovery may be possible if stem cell numbers 
are not depleted. After exposure of less than 1 Gy, sperm 
production may return in 9-18 months, while 4-6 years 
may be necessary to recover sperm production after a dose 
of up to 5 Gy. Despite radiation therapy and chemotherapy, 
nearly two thirds of patients retain the ability to father a 
child if the ejaculatory function is retained. Patients with 
a testicular tumor in a solitary testicle may be offered 
a partial orchiectomy in an attempt to retain fertility. 
Additionally, healthy testicular tissue away from the tumor 
can be dissected free and cryopreserved at the time of 
orchiectomy for future use in in vitro fertilization (IVF) with 
intracytoplasmic sperm injection (ICSI). 


RESPIRATORY DISEASE 


Infertility and recurrent respiratory infections may be due 
to immotile cilia syndrome, which may be isolated or part 
of Kartagener syndrome (with situs inversus). Cystic fibrosis 
(CF) is associated with congenital bilateral absence of the 
vas deferens (CBAVD), leading to obstructive azoospermia. 
While both copies of this recessive gene are necessary for 
clinical disease, the presence of only one copy may lead to 
CBAVD. Young syndrome results in recurrent pulmonary 
infections and azoospermia due to inspissated material in 
the epididymis causing obstruction. 


Environmental and/or Occupational Exposure 


Many pesticides have estrogen-like effects. Dibromochloro- 
propane (DBCP) is anematocide widely used in agriculture 
that causes azoospermia without recovery by an unknown 
mechanism. Lead exposure depresses the hypothalamic- 
pituitary axis. Carbon disulfide exposure from the rayon 
industry leads to semen, pituitary and hypothalamic 
changes. Heat exposure, as seen in workers in the steel and 
ceramic fields, decreases spermatocyte maturation. 


Spinal Cord Injury 


Severe spinal cord injury may lead to anejaculation. 
These men may be treated with electroejaculation or 


sperm retrieval techniques.’ Epididymal and testicular 
factors appear to play a role, although the most severe 
dysfunction seems to come from prostatic and seminal 
vesicle dysfunction. 

In addition, the semen quality in patients with a spinal 
cord injury may gradually decline owing to unknown 
causes. Within a year after injury, many have semen with 
dead sperm with signs of neutrophil infiltration on semen 
analysis. This is hypothesized to be due to accessory gland 
dysfunction rather than lack of ejaculation and atrophy. In 
patients with spinal cord injury, sperm parameters from 
the vas deferens show 54% motility and 74% viability, 
while only 14% motility and 26% viability is observed in 
ejaculated sperm. These are both much lower than that in 
control subjects. 


Drug Related to Infertility 


Spironolactone, cyproterone, ketoconazole and 
cimetidine have antiandrogenic properties. Tetracycline 
lowers testosterone levels 20%. Nitrofurantoin depresses 
spermatogenesis. Sulfasalazine leads to a reversible 
decrease in sperm motility and density. Colchicine, 
methadone, methotrexate, phenytoin, thioridazine and 
calcium channel blockers have all been associated with 
infertility. 


Family History 


Congenital midline defects, cryptorchidism, hypogonado- 
tropism and testicular atrophy in family members may 
be a sign of a congenital disease. A history of CF or 
hypogonadism should be elicited. 


PHYSICAL EXAMINATION FOR MALE INFERTILITY 


The physical examination should include a thorough 
inspection of the testicles, penis, secondary sexual 
characteristics and body habitus. It should include a 
detailed examination of other body functions based on the 
history. 


Testicles 


The testicular examination should occur in a warm room 
with the patient relaxed. The testicles should be palpated 
individually between the thumb and first two fingers. The 
examiner should note the presence, size and consistency 
of the testicles, and the testicles should be compared with 
each other. 

A Prader orchidometer or ultrasonography may be used 
to estimate the testicular volume, with normal considered 
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to be greater than 20 mL. Calipers may be used to measure 
testicular length, which is usually greater than 4 cm, 
although the lower limits of normal length (mean minus 
two standard deviations) is 31 mm in white men and 34 
mm in black men. The testes of Japanese men are typically 
smaller than the testes of white men. 

Testicular atrophy may be observed in primary 
testicular failure, Klinefelter syndrome, endocrinopathies, 
postpubertal mumps, liver disease and myotonic 
dystrophy. Swelling with pain indicates orchitis, whereas 
nontender enlargement may be observed in testicular 
neoplasms, tuberculosis and tertiary syphilis. 


Epididymis 


The head, body and tail of the epididymis should be 
palpated and assessed for their presence bilaterally. Note 
induration and cystic changes. An enlarged indurated 
epididymis with a cystic component should alert 
the examiner to the possibility of ductal obstruction. 
Tenderness may be due to epididymitis. 


Vas Deferens 


Evaluate the vas for its presence bilaterally and palpate 
along its entire length to check for defects, segmental 
dysplasia, induration, nodularity, or swelling. The 
complete absence bilaterally is observed almost 
exclusively in patients with either one or two copies of the 
gene for CF, although even a small defect or gap indicates 
the possibility of a CF gene mutation. 

A thickened nodular vas deferens may be observed in 
patients with a history of tuberculosis. If a prior vasectomy 
has been performed, the presence of a nodular sperm 
granuloma at the proximal vasal end should be assessed. 


Spermatic Cord 


Check patients for the presence ofa varicocele, which is the 
most common surgically correctable cause of infertility. 
To elicit this, the patient should perform a Valsalva 
maneuver in the sitting and standing positions in a warm 
room. Grade 1 varicocele is defined as palpable only 
with Valsalva, while Grade 2 is palpable at standing, and 
Grade 3 is visible at rest. The presence of asymmetry or an 
impulse with Valsalva may best help the examiner to find 
a varicocele. The sudden onset of a varicocele, a solitary 
right-sided varicocele, or a varicocele that does not change 
with Valsalva indicates the possibility of a retroperitoneal 
neoplastic process or vein thrombosis. 


Penis 


The examination should focus on the location and 
patency of the urethral meatus and the presence of meatal 
strictures. Patients with hypospadias or epispadias may 
not deposit semen appropriately at the cervix. Penile 
curvature and the presence of penile plaques should be 
noted. 


Rectal Examination 


The prostate should be of normal size and without cysts, 
induration, or masses. The seminal vesicles are usually 
not palpable. A midline prostatic cyst or palpable seminal 
vesicles may be due to obstruction of the ejaculatory 
ducts. 


General Examination and Body Habitus 


A eunuchoid body habitus, consisting of infantile hair 
distribution, poor muscle development, and a long lower 
body due to a delayed closure of the epiphyseal plates, 
may be observed in patients with endocrinological 
disorders. Truncal obesity, striae and moon facies may be 
due to Cushing syndrome. Gynecomastia, galactorrhea, 
headaches and a loss of visual fields may be observed 
in patients with pituitary adenomas. Focus the neck 
examination on thyromegaly and bruits. Palpate the liver 
for hepatomegaly and examine the lymph nodes to rule 
out lymphoma. 


CAUSES OF MALE INFERTILITY 


Causes generally can be divided into pretesticular, 
testicular and post-testicular. 


Pretesticular Causes of Infertility 


Pretesticular causes of infertility include congenital or 
acquired diseases of the hypothalamus, pituitary, or 
peripheral organs that alter the hypothalamic-pituitary 
axis. 


Hypothalamus and its Dysfunction 


Disorders of the hypothalamus lead to hypogonadotropic 
hypogonadism. If GnRH is not secreted, the pituitary 
does not release LH and FSH. Ideally, patients respond 
to replacement with exogenous GnRH or HCG, an LH 
analogue, although this does not always occur. 
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Idiopathic Hypogonadotropic Hypogonadism 


A failure of GnRH secretion without any discernible 
underlying cause may be observed alone (isolated) or 
as part of Kallmann syndrome, which is associated with 
midline defects such as anosmia, cleft lip and cleft palate, 
deafness, cryptorchidism and color blindness. Kallmann 
syndrome has been described in both familial (X-linked 
and autosomal) and sporadic forms, and its incidence is 
estimated as 1 case per 10,000-60,000 births. 

A failure of GnRH neurons to migrate to the proper 
location in the hypothalamus has been implicated. Patients 
generally have long arms and legs due to a delayed closure 
of the epiphyseal plates, delayed puberty and atrophic 
testis. Testosterone therapy may allow patients to achieve 
normal height but does not improve spermatogenesis. 
Exogenous testosterone should never be administered in 
an attempt to boost sperm production because it actually 
decreases intratesticular testosterone levels owing to 
feedback inhibition of GnRH release. Pulsatile GnRH and 
HCG have been used but result in only 20% achieving 
complete spermatogenesis. Adding recombinant human 
FSH to HCG has been shown to be effective in achieving 
spermatogenesis in most patients. Select patients with 
adult-onset idiopathic hypogonadotropic hypogonadism 
may respond to clomiphene citrate therapy. 


Prader-Willi syndrome: Patients have characteristic 
obesity, mental retardation, small hands and feet, 
and hypogonadotropic hypogonadism due to a GnRH 
deficiency. Prader-Willi syndrome is caused by a disorder 
of genomic imprinting with deletions of paternally derived 
chromosome arm 15q11-13. 


Laurence-Moon-Biedl syndrome: Patients with this 
syndrome have retinitis pigmentosa and polydactyly. 
Infertility is due to hypogonadotropic hypogonadism. 


Other conditions: Various other lesions and diseases, 
such as CNS tumors, temporal lobe seizures, and many 
drugs (e.g. dopamine antagonists) may interrupt the 
hypothalamic-pituitary axis at the hypothalamus. 


Pituitary Disorder 


Both pituitary insufficiency and pituitary excess cause 
infertility. Pituitary failure may be congenital or acquired. 
Acquired causes include tumor, infarction, radiation, 
infection, or granulomatous disease. Nonfunctional 
pituitary tumors may compress the pituitary stalk or the 
gonadotropic cells, interrupting the proper chain of signals 


leading to pituitary failure. In contrast, functional pituitary 
tumors may lead to unregulated gonadotropin release or 
prolactin excess, interrupting the proper signaling. 


Prolactinoma 


A prolactin-secreting adenoma is the most common 
functional pituitary tumor. Prolactin stimulates breast 
development and lactation; therefore, patients with 
infertility due to a prolactinoma may have gynecomastia 
and galactorrhea. In addition, loss of peripheral visual 
fields bilaterally may be due to compression of the optic 
chiasm by the growing pituitary tumor. 

A prolactin level of more than 150 mcg/L suggests a 
pituitary adenoma, while levels greater than 300 mcg/L are 
nearly diagnostic. Patients should undergo an MRI or CT 
scan of the sella turcica for diagnostic purposes to determine 
whether a microprolactinoma or a macroprolactinoma is 
present. 

Bromocriptine, a dopamine agonist, is used to 
suppress prolactin levels and is the therapy of choice for 
microprolactinomas. Cabergoline is also a treatment 
option. Some men respond with an increase in 
testosterone levels; many also recover normal sperm 
counts. Transsphenoidal resection ofa microprolactinoma 
is 80-90% successful, but as many as 17% recur. Surgical 
therapy of a macroprolactinoma is rarely curative, 
although this should be considered in patients with visual- 
field defects or those who do not tolerate bromocriptine. 


Isolated luteinizing hormone deficiency (fertile eunuch): 
In these patients, LH levels are decreased while FSH levels 
are within the reference range. Patients have eunuchoidal 
body habitus, large testis, and a low ejaculatory volume. 
The treatment of choice is exogenous HCG. 


Isolated follicle-stimulating hormone deficiency: 
This is a very rare cause of infertility. Patients present 
with oligospermia but have LH levels within the 
reference range. Treatment is with human menopausal 
gonadotropin (HMG) or exogenous FSH. 


Thalassemia 


Patients with thalassemia have ineffective erythropoiesis 
and undergo multiple blood transfusions. Excess iron from 
multiple transfusions may get deposited in the pituitary 
gland and the testis, causing parenchymal damage and 
both pituitary and testicular insufficiency. Treatment 
is with exogenous gonadotropins and iron-chelating 
therapy. 
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Cushing disease: Increased cortisol levels cause a negative 
feedback on the hypothalamus, decreasing GnRH release. 


Peripheral Organs 


The hypothalamus-pituitary axis may be interrupted by 
hormonally active peripheral tumors or other exogenous 
factors, due to cortical excess, cortical deficiency, or 
estrogen excess. 

Excess cortisol may be produced by adrenal 
hyperplasia, adenomas, carcinoma, or lung tumors. 
High cortisol levels may also be seen with exogenous 
steroid use, such as that administered to patients with 
ulcerative colitis, asthma, arthritis, or organ transplant. 
For example, high cortisol levels are seen in patients with 
Cushing syndrome, which causes negative feedback on 
the pituitary to decrease LH release. 

Cortical deficiency may be seen in patients with adrenal 
failure due to infection, infarction, or congenital adrenal 
hyperplasia (CAH). CAH may be due to the congenital 
deficiency of one of several adrenal enzymes, the most 
common of which is 21-hydroxylase deficiency. Because 
cortisol is not secreted, a lack of feedback inhibition on 
the pituitary gland occurs, leading to adrenocorticotropic 
hormone (ACTH) hypersecretion. This leads to 
increased androgen secretion from the adrenal gland, 
causing feedback inhibition of GnRH release from the 
hypothalamus. Patients present with short stature, 
precocious puberty, small testis and occasional bilateral 
testicular rests. Screening tests include increased plasma 
17-hydroxylase and urine 17-ketosteroids.’ 

Estrogen excess may be seen in patients with Sertoli 
cell tumors, Leydig tumors, liver failure, or severe obesity. 
Estrogen causes negative feedback on the pituitary gland, 
inhibiting LH and FSH release. 


Primary Testicular Causes of Infertility 


Primary testicular problems may be chromosomal or 
nonchromosomal in nature. While chromosomal failure is 
usually caused by abnormalities of the sex chromosomes, 
autosomal disorders are also observed. 


Chromosomal Abnormalities 


An estimated 6-13% of infertile men have chromosomal 
abnormalities (compared with 0.6% of the general 
population). Patients with azoospermia or severe 
oligospermia are more likely to have a chromosomal 
abnormality (10-15%) than infertile men with sperm 


density within the reference range (1%). A karyotype 
test and a Y-chromosome test for microdeletions are 
indicated in patients with nonobstructive azoospermia 
or severe oligospermia (< 5 million sperm/mL), although 
indications are expanding. 


Klinefelter Syndrome 


Klinefelter syndrome is the most common chromosomal 
cause of male infertility, estimated to be present in 1 per 
500-1,000 male births. Classic Klinefelter syndrome has 
a 47, XXY karyotype and is caused by a nondisjunction 
during the first meiotic division, more commonly of 
maternal origin; mosaic forms are due to nondisjunction 
following fertilization. The only known risk factor for 
Klinefelter syndrome is advanced maternal age. Infertility 
is caused by primary testicular failure, and most patients 
are azoospermic. Hormonal analysis reveals increased 
gonadotropin levels, while 60% have decreased testosterone 
levels. Surprisingly, most patients have normal libido, 
erections, and orgasms, so testosterone therapy has only 
a limited role; exogenous testosterone may also suppress 
any underlying sperm production. Physical examination 
reveals gynecomastia, small testis, and eunuchoid body 
habitus due to delayed puberty. In some patients, secondary 
sex characteristics develop normally, but they are usually 
completed late. These men are at a higher risk for breast 
cancer, leukemia, diabetes, empty sella syndrome and 
pituitary tumors. Testicular histology reveals hyalinization 
of seminiferous tubules.” 


Y-Chromosome Microdeletion Syndrome 


The long arm of the Y chromosome (Yq) is considered 
critical for fertility, especially Yq11.23 (interval 6). 
Macroscopic deletions of Yqll are often observed 
in patients with azoospermia, although many new 
microdeletions have been implicated as a significant 
cause of infertility. These microdeletions are not observed 
on regular karyotype; rather, their identification requires 
polymerase chain reaction (PCR)-based sequence-tagged 
site mapping or Southern blot analysis. Three regions 
have been described, called azoospermic factors a, b, and 
c (AZFa, AZFb, AZFc). These deletions are observed in 
3-19% of patients with idiopathic infertility and 6-14% of 
patients with oligospermia, although up to 7% of patients 
with other known causes of infertility may also be found 
to have a deletion. Patients with azoospermia or severe 
oligospermia seeking assisted reproductive techniques 
should be screened.*”*” 
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Bilateral Anorchia (Vanishing Testis Syndrome) 


Patients have a normal male karyotype (46, XY) but are 
born without testis bilaterally. The male phenotype proves 
that androgen was present in utero. Potential causes are 
unknown, but it may be related to infection, vascular 
disease, or bilateral testicular torsion. Karyotype shows a 
normal SRY gene. Patients may achieve normal virilization 
and adult phenotype by the administration of exogenous 
testosterone, but they are infertile. 


Down Syndrome 


These patients have mild testicular dysfunction with 
varying degrees of reduction in germ cell number. LH and 
FSH levels are usually elevated. 


Testicular Cause of Male Infertility 


Testicular failure that is nonchromosomal in origin may 
be idiopathic or acquired by gonadotoxic drugs, radiation, 
orchitis, trauma, or torsion. 


Varicocele 


A varicocele is a dilation of the veins of the pampiniform 
plexus of the scrotum. Although varicoceles are 
present in 15% of the male population, a varicocele 
is considered the most common correctable cause of 
infertility (30-35%) and the most common cause of 
secondary (acquired) infertility (75-85%)."' Varicoceles 
are observed more commonly on the left side than the 
right. Those with isolated right-sided varicoceles should 
be evaluated for retroperitoneal pathology. 

Varicoceles are generally asymptomatic, and most men 
with varicoceles do not have infertility or testicular atrophy. 
However, varicoceles may lead to impaired testicular 
spermatogenesis and steroidogenesis, potentially due to 
an increased intratesticular temperature, reflux of toxic 
metabolites, and/or germ cell hypoxia as potential causes 
of these changes, and this appears to be progressive over 
time." Varicoceles lead to an increased incidence of 
sperm immaturity, apoptosis, and necrosis with severe 
disturbances in meiotic segregation compared to fertile 
men without varicoceles, and these parameters generally 
improve after repair.’*'° 

Patients with a Grade 2-3 varicocele (visible or 
palpable) associated with infertility should have the 
varicocele repaired. After repair, 40-70% of patients have 
improved semen parameters, while 40% are able to achieve 
a pregnancy without other interventions. Those with a 


varicocele diagnosable only on scrotal ultrasonography 
will likely not benefit from repair. Adolescents with a 
varicocele and testicular atrophy or lack of growth should 
similarly undergo repair. Controversy exists regarding 
whether to routinely repair an adolescent varicocele 
not associated with testicular atrophy. In those with 
azoospermia and a varicocele, sperm may appear after 
repair in up to one third, but most of these men return 
to an azoospermic state within a few months. If sperm 
appears, these men should be offered cryopreservation. 


Cryptorchidism 


An estimated 3% of full-term males are born with 
an undescended testicle, but less than 1% remains 
undescended by age 1 year. Undescended testicle may be 
isolated or may be observed as part of a syndrome such 
as Prune bally syndrome. Testicular histology typically 
reveals a decreased number of Leydig cells and decreased 
spermatogenesis. Cryptorchidism may be due to inherent 
defects in both testes because even men with unilateral 
cryptorchidism have lower than expected sperm counts.” 

Torsion of the testis may cause infertility if it occurs in 
both side and improperly managed."® 


Trauma 


Testicular trauma is the second most common acquired 
cause of infertility. The testes are at risk for both thermal 
and physical trauma because of their exposed position. 


Chemotherapy 


Chemotherapy is toxic to actively dividing cells. In the 
testicle, germ cells (especially up to the preleptotene 
stage) are especially at risk. The agents most often 
associated with infertility are the alkylating agents such as 
cyclophosphamide. For example, treatment for Hodgkin 
disease has been estimated to lead to infertility in as many 
as 80-100% of patients.!° 


Radiation Therapy 


While Leydig cells are relatively radioresistant because of 
their low rate of cell division, the Sertoli and germ cells 
are extremely radiosensitive. If stem cells remain viable 
after radiation therapy, patients may regain fertility within 
several years. However, some have suggested that patients 
should avoid conception for 6 months to 2 years after 
completion of radiation therapy because of the possibility 
of chromosomal aberrations in their sperm caused by the 
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mutagenic properties of radiation therapy. Even with the 
testis shielded, radiation therapy below the diaphragm 
may lead to infertility due to the release of reactive oxygen 
free radicals. 


Orchitis 


The most common cause of acquired testicular failure in 
adults is viral orchitis, such as that caused by the mumps 
virus, echovirus, or group B arbovirus. Of adults with who 
are infected with mumps, 25% develop orchitis; two-thirds 
of cases are unilateral, and one-third is bilateral. While 
orchitis develops a few days after the onset of parotid gland 
inflammation, it may also precede it. The virus may either 
directly damage the seminiferous tubules or indirectly 
cause ischemic damage as the intense swelling leads to 
compression against the tough tunica albuginea. After 
recovery, the testicle may return to normal or may atrophy. 
Atrophy is observed within 1-6 months, and the degree of 
atrophy does not correlate with the severity of orchitis or 
infertility. Normal fertility is observed in three-fourths of 
patients with unilateral mumps orchitis and in one-third 
of patients in bilateral orchitis. 


Granulomatous disease: Leprosy and sarcoidosis may 
infiltrate the testicle and lead to testicular failure. 


Sickle cell disease: Sickling of cells within the testis leads 
to microinfarcts and secondary testicular failure. 


Idiopathic causes: Despite a thorough workup, nearly 
25% of men have no discernible cause for their infertility. 


Post-testicular Causes of Infertility 


Post-testicular causes of infertility include problems 
with sperm transportation through the ductal system, 
either congenital or acquired. Genital duct obstruction is 
a potentially curable cause of infertility and is observed 
in 7% of infertile patients. Additionally, the sperm may 
be unable to cross the cervical mucus or may have 
ultrastructural abnormalities. 


Congenital blockage of the ductal system: An increased 
rate of duct obstruction is observed in children of mothers 
who were exposed to diethylstilbestrol (DES) during 
pregnancy. Segmental dysplasia is defined as a vas deferens 
with at least two distinct sites of vasal obstruction.” 


Cystic fibrosis: Cystic fibrosis is the most common genetic 
disorder in whites. Patients with CF nearly uniformly 
have CBAVD. ‘The cystic fibrosis transmembrane 


regulator (CFTR) protein plays a role in mesonephric 
duct development during early fetal life, so these patients 
may also have urinary tract abnormalities. Patients may 
be candidates for assisted reproduction techniques after 
appropriate genetic screening in the partner. 


Acquired blockage of the ductal system: Genital ducts 
may become obstructed secondary to infections, such 
as chlamydia, gonorrhea, tuberculosis and smallpox. 
Young syndrome is a condition that leads to inspissation 
of material and subsequent blockage of the epididymis. 
Trauma, previous attempts at sperm aspiration and 
inguinal surgery may also result in ductal blockage. Small 
calculi may block the ejaculatory ducts, or prostatic 
cysts may extrinsically block the ducts. Scrotal surgery, 
including vasectomy, hydrocelectomy (5-6%) and 
spermatocelectomy (up to 17%), may lead to epididymal 
injury and subsequent obstruction.” 


Antisperm antibodies: Antisperm antibodies bind to 
sperm, impair motility, and lead to clumping, impairing 
movement through the female reproductive tract and 
interaction with the oocyte. Immotile cilia syndrome may 
be isolated or part of Kartagener syndrome with situs 
inversus. Because of a defect in the dynein arms, spokes, 
or microtubule doublet, cilia in the respiratory tract and 
in sperm do not function properly. In addition to sperm 
immobility, patients experience sinusitis, bronchiectasis 
and respiratory infections. 


Ejaculatory duct obstruction: Complete and partial 
ejaculatory duct obstruction has been implicated as a 
cause of 1-5% of patients with male infertility. Patients 
may have a normal palpable vas deferens bilaterally but 
show decreased ejaculate volume and hemospermia and 
may experience pain upon ejaculation. Etiologies include 
cysts (midline and eccentric), ductal calcification and 
stones, postinfectious and postoperative. Transrectal 
ultrasonography (TRUS) may reveal enlarged seminal 
vesicles, but this is not universal. Seminal vesicle aspiration 
revealing numerous sperm or a dynamic test such as 
injection of indigo carmine into the seminal vesicle or 
ejaculatory duct may be necessary for diagnosis. 

Anejaculation/retrograde ejaculation may be due to 
an open bladder neck or a lack of rhythmic contractions 
during ejaculation. Etiologies include diabetic neuropathy, 
bladder neck surgery, RPLND, transurethral prostatectomy, 
colon or rectal surgery, multiple sclerosis, spinal cord 
injury, or the use of medicines such as alpha-antagonists. 
Diagnosis is suggested by history, a low-ejaculate volume, 
and the observance of 10-15 sperm per high-power field 
(HPF) in the postejaculatory urine. 
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Laboratory Studies 


Semen analysis: The semen analysis is the cornerstone of 
the male infertility work-up. A specimen is collected by 
masturbation into a clean, dry, sterile container or during 
coitus using special condoms (containing no spermicidal 
lubricants). The patient should be abstinent for 2-3 days 
prior to maximize sperm number and quality. Each day 
of abstinence is typically associated with an increase in 
semen volume of 0.4 mL and an increase in sperm density 
by 10-15 million sperm/mL, for up to 7 days. The sample 
should be processed within 1 hour, and 2-3 samples (at a 
minimum of 2-3 days apart) should be evaluated because 
of daily variations in sperm number and quality. Various 
parameters are measured, such as ejaculate volume 
and sperm density, quality, motility and morphology. 
Individual tests evaluate only one aspect of a quality 
necessary for fertility and do not imply the ability or 
inability to achieve conception.**” 


Volume 


Normal ejaculate volume is 1.5-5 mL. A small ejaculate 
volume may be observed in patients with retrograde 
ejaculation, absence of the vas deferens or seminal 
vesicles, ductal obstruction, hypogonadotropism, or poor 
sympathetic response. An increased volume is rarely 
observed and is often caused by a contaminant, such as 
urine. 


Semen quality: Semen is initially a coagulum that liquifies 
in 5-25 minutes due to prostatic enzymes. At this point, 
pouring the semen drop by drop should be possible. 
Semen that is not initially a coagulum is often caused 
by an ejaculatory duct obstruction or the absence of 
seminal vesicles. Nonliquification of the semen can be 
differentiated from benign hyperviscosity by a normal 
postcoital test finding. No excessive sperm agglutination 
should exist. 


Sperm Density 


Normal sperm density is greater than 20 million sperm/mL, 
or greater than 50-60 million total sperm. Oligospermia 
is defined as fewer than 20 million sperm/mL, severe 
oligospermia is less than 5 million/mL, and azoospermia 
is defined as no sperm present. To verify azoospermia, 
the semen should be centrifuged and evaluated under a 
light microscope for the presence of sperm. Patients with 
azoospermia should have a postejaculatory urine sample 
analyzed for sperm, should be evaluated for ejaculatory 


duct obstruction, and should undergo a hormonal 
evaluation. 


Sperm Motility 


Motility is described as the percent of sperm present with 
flagellar motion viewed on a bright-field or phase-contrast 
microscope. Normal motility is defined as more than 60% 
of sperm having normal movement. Grading is as follows: 
Grade 0 is no movement; Grade 1 is sluggish movement; 
Grade 2 is slow movement but not straight; Grade 3 is 
movement in a straight line and Grade 4 is terrific speed. 
Patients with abnormal motility should be evaluated for 
pyospermia, antisperm antibodies, varicocele, sperm 
ultrastructural abnormalities, or partial ductal obstruction. 


Sperm Morphology 


The head, acrosome, mid-piece, and tail of individual 
spermatozoa are analyzed with phase-contrast microscopy 
after fixation with Papanicolaou stain. At least 200 sperm 
are analyzed. Normal sperm have a smooth oval head 
approximately 3-5 um long and 2-3 um wide. More than 
60% of sperm should be normal, and less than 2-3% should 
be immature. These sperm show a high level of retained 
cytoplasmic droplets around the mid-piece. 

Teratospermia is defined as less than 30% normal 
morphology. Abnormal head shapes are described 
as tapered, duplicated, small, large, amorphous and 
pyriform. The acrosome should be 40-70% of the size of 
the head, and no mid-piece or tail abnormalities should 
be present. 

Patients with a high number of immature sperm should 
be evaluated for excessive exposure to heat or radiation 
or for infectious processes. To help objectify sperm 
morphology and therefore enhance the consistency and 
reproducibility among laboratories, Kruger introduced a 
definition of “strict criteria” in 1986. Using these criteria, 
he reported a clinically significant threshold of 14% normal 
forms as an excellent predictor of IVF success. Patients 
with less than of 14% normal forms had a substantially 
reduced success rate. 


Computer-aided Semen Analysis 


Introduced in the late 1980s, computer-aided semen 
analysis (CASA) uses a video camera and computer to 
visualize and analyze sperm concentration and movement. 
This semi automated technique is thought to potentially 
standardize the evaluation of semen. Parameters 
measured include the curvilinear velocity, defined as the 
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average distance per unit time between successive sperm 
positions; the straight-line velocity, which is the speed of 
forward direction; and linearity, which is the straight-line 
velocity divided by the curvilinear velocity. In addition, 
the program measures the average path velocity, the 
amplitude of lateral head displacement and the flagellar 
beat frequency, and it is used to evaluate for evidence of 
hyperactivation. Although CASA produces good qualitative 
data, it is a labor-intensive procedure that includes a high 
initial cost and is plagued with inaccuracies when sperm 
concentrations are very high or very low. It has not been 
shown to improve patient outcomes but, rather, is helpful 
for research purposes. 


OTHER TESTS 


Semen may be analyzed for levels of zinc, citric acid, acid 
phosphatase and alpha-glucosidase. These tests are used 
to determine gland failure or obstruction. 


Antisperm Antibody Test 


Sperm contain unique antigens that are not recognized as 
self by the body’s immune system because of the blood- 
testis barrier. Antisperm antibodies may form when the 
blood-testis barrier is breached because of infection, 
vasectomy, testicular torsion, cryptorchidism, or testicular 
trauma. Antibodies that are bound to sperm decrease the 
sperm’s ability to penetrate the cervical mucus and bind to 
the zona pellucida. 

Although 60% of patients have evidence of antisperm 
antibodies after vasectomy, the clinical significance has 
not been completely elucidated. In addition, antibodies 
are present in 35% of patients with CBAVD. Evidence 
of antibodies found in serum or seminal plasma is less 
prognostic than antibodies bound to sperm. Several 
methods are available to detect antisperm antibodies, 
such as radioimmunoassay and enzyme-linked 
immunosorbent assay, but the most specific test is the 
immunobead test. More than 15-20% bound is considered 
a positive test result. 


Hormonal Analysis 


Fewer than 3% of cases of male infertility are estimated to 
be due primarily to a hormonal cause. A routine part of 
the initial evaluation is testing of specific serum hormone 
levels, which usually includes FSH, LH, testosterone 
and prolactin. Abnormalities may be a sign of a primary 
hypothalamic, pituitary, or testicular problem. 


Transrectal Ultrasonography 


Transrectal ultrasonography is indicated in patients 
with azoospermia or severe oligospermia to evaluate for 
complete or partial ejaculatory duct obstruction. TRUS 
is also useful to evaluate for the presence or absence of 
the seminal vesicles. A 6.5- to 7.5-Mhz probe is used with 
the bladder partially filled. Obstruction is suggested by 
enlarged seminal vesicles. 


Scrotal Ultrasonography 


Scrotal ultrasonography is used to evaluate the anatomy 
of the testis, epididymis and spermatic cord. It is a useful 
adjunct for evaluating testicular volume, testicular and 
paratesticular masses and the presence or absence of 
varicoceles. Color-flow ultrasonography is used to evaluate 
for variocele using a 7- to 10-Mhz probe. A varicocele is 
diagnosed on a sonogram if a spermatic vein is greater 
than 3 mm or vein size increases with Valsalva. Repair 
of subclinical varicoceles (those diagnosed only with 
ultrasonography) has not been proven to improve fertility. 


Vasography 


Vasography is used to evaluate patency of the ductal 
system. Indications for vasography include azoospermia 
with mature spermatids present on testicular biopsy and 
at least one palpable vas. Relative indications include 
severe oligospermia with a normal finding on testis biopsy, 
antisperm antibodies and decreased semen viscosity. This 
test may be performed either as an open procedure at 
the same time as testicular biopsy or by a percutaneous 
puncture (Fig. 156.3). 

The patient may be placed in a 10-15° Trendelenburg 
position to bring the symphysis pubis out of the radiation 
field. Unilateral patency rules out vasal or ejaculatory duct 
obstruction as the cause of azoospermia. 


Postcoital Test 


An abnormal postcoital test result is observed in 10% of 
infertile couples. Indications for performing a postcoital 
test include semen hyperviscosity, increased or decreased 
semen volume with good sperm density, or unexplained 
infertility. After coitus at mid-cycle, the female’s cervical 
mucus is examined for the presence or absence of sperm. 
Usually, 10-20 sperm/HPF are observed. Abnormal results 
may be due to antisperm antibodies, sperm ultrastructural 
abnormalities, an abnormal hormonal milieu, male 
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Fig. 156.3: Male infertility. Technique of open vasography: The 
vas distal to the site of incision is determined to be patent if saline 
is injected without resistance. Alternatively, radiographic contrast 
dye is injected through the vas deferens and radiography is 
performed, or blue dye may be injected and visualized in the urine 
to confirm patency. A vasovasostomy or vasoepididymostomy 
may then be performed at this level 


or female genital tract infection, poor semen quality, 
inhospitable cervical mucus, or male sexual dysfunction. 
If no sperm are observed, the couple’s coital technique 
should be analyzed. If the test result is normal, consider 
a test of sperm function and ability to penetrate the egg. 


Sperm Function Tests 


When a primary sperm defect is suspected or when other 
tests do not reveal the cause of infertility, sperm function 
tests may determine if a significant sperm abnormality 
exists. These tests analyze specific sperm functions, such 
as the ability to undergo capacitation and the acrosome 
reaction and the ability to bind to and to penetrate the egg. 

The capacitation assay is used to evaluate the ability 
of sperm to undergo capacitation. After capacitation, 
sperm have hyperactivated motility, which can be 
recognized under microscopy. Sperm that do not undergo 
capacitation portend a poor response to IVF and ICSI 
should be considered. 

The acrosome reaction assay tests the ability of the 
sperm to undergo the acrosome reaction when exposed 
to inducing substances. The acrosome process, which 
covers the anterior two-thirds of the sperm head, contains 
hyaluronidase and other enzymes used to digest the zona 
pellucida of the egg. After sperm binding and capacitation, 
the plasma membrane of the egg induces the acrosome 


to release its contents. This reaction occasionally occurs 
spontaneously (< 10% of the time), although a spontaneous 
reaction is more common in infertile men. Under the 
microscope, acrosome-inducing substances are added to 
the sample after the sperm have undergone capacitation, 
which usually takes approximately 3 hours. Usually, 
15-40% of the sperm undergo the acrosome reaction when 
stimulated, and fewer undergo the reaction in infertile men. 
The results of the test correlate with IVF success; patients 
with an abnormal test result may need to undergo ICSI. 


Sperm penetration assay: Sperm penetration assay 
(SPA) is used to check the ability of sperm to function in 
vitro by evaluating capacitation, the acrosome reaction 
and the ability of the sperm to fuse with the oolemma. 
Cross-species fertilization is usually prevented by the zona 
pellucida. Hamster ova, with the zona pellucida removed, 
are incubated with the donor’s sperm and the number of 
sperm penetrated per ovum is measured. A normal result 
is more than five sperm penetrations per ovum. Fewer 
penetrations probably indicate a problem. Patients with a 
poor SPA should proceed directly to ICSI. 


Hypo-osmotic Swelling 


The hypoosmotic swelling (HOS) test is used to provide 
functional information to differentiate between viable 
but immotile sperm and dead sperm. Normal sperm are 
able to maintain an osmotic gradient when exposed to 
hypoosmotic conditions, whereas dead sperm cannot. 
After exposure to a dilute solution (150 mmol/L), sperm 
are observed under the microscope. Normal sperm swell, 
with bulging of the plasma membrane and curling of the 
tail. This test is commonly used clinically to select viable 
(but nonmotile) sperm for ICSI. 


Inhibin B 


Inhibin B is usually produced by sperm for the acrosome 
reaction. An increased level or an inability to clear 
acrosomal enzymes may lead to self-destruction and 
lipid peroxidation of the sperm membrane. Increased 
inhibin B levels may be caused by ductal obstruction or 
abnormalities within the seminiferous tubules. 


Vitality Stains 


Vitality stains using substances such as eosin Y and trypan 
blue help to determine whether a sperm is alive and the 
membrane is intact or if the sperm is dead. Live sperm 
can exclude dye, while dead sperm cannot. ‘These tests 
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are of little use unless very low numbers of sperm exist or 
motility is absent and necrospermia must be ruled out. 


Testicular Biopsy 


Testicular biopsy is indicated in azoospermic men with 
a normal-sized testis and normal findings on hormonal 
studies to evaluate for ductal obstruction, to further 
evaluate idiopathic infertility, and to retrieve sperm. 
Relative indications for testicular biopsy include ruling out 
partial obstruction in patients with severe oligospermia, 
evaluating patients with hypogonadotropism to select 
those likely to respond to gonadotropin replacement, 
and retrieving spermatozoa in azoospermic patients 
undergoing IVF or ICSI. 

The procedure may be performed under spinal, 
general, or even local anesthesia, and it may be performed 
as an open procedure or percutaneously. Open surgery 
allows better testicular control and results in a better test, 
allowing multiple areas to be sampled for the presence or 
absence of sperm. A touch preparation of the testicular 
tissue, obtained from either an open or needle-core biopsy, 
may aid in a prompt evaluation during the procedure and, 
if used on a sterile slide, may even be cryopreserved for 
later use. An operating microscope is often helpful to assist 
in identification of healthy-appearing tubules, especially 
in patients with Sertoli-cell-only syndrome. In addition, 
vasography may be performed at the same time to evaluate 
for obstruction. Potential complications include pain, 
bleeding, and inadvertent epididymal biopsy that may 
give false results and can lead to secondary obstruction. 

A small window should be used if a later reconstruction 
is anticipated to decrease the risk of adhesions within the 
tunica vaginalis. Hemostasis must be pristine to decrease 
the risk of a hematocele. When performing diagnostic 
biopsies, we should consider obtaining biopsies from both 
testicles due to a reported 40% discordance in pathology 
between the two sides. Usually, the authors cryopreserve 
testicular tissue at the time of biopsy for potential future 
use in IVE, 


Histologic Findings 


Biopsy samples in patients with infertility due to 
pretesticular causes have atrophic cells due to a lack of 
gonadotropin stimuli. Prepubertal hypogonadotropism 
leads to small immature seminiferous tubules with delicate 
tunica propria and a lack of elastic fibers. In contrast, 
patients with postpubertal hypogonadism show few or no 
germ cells, shrunken tubules and a thickened hyalinized 
tunica propria. 


Primary testicular failure causes various defects. 
Normal-sized seminiferous tubules, normal Leydig cells 
and Sertoli cells, and a normal tunica propria characterize 
maturation arrest, but germ cells are arrested at any 
premature stage. Patients with hypospermatogenesis 
have a thin germinal epithelium and a decreased 
number of germinal elements. Germ cell aplasia (Sertoli- 
cell-only syndrome) is associated with vacuolated 
Sertoli cells and no germinal epithelium but otherwise 
normal seminiferous tubules. Klinefelter syndrome is 
characterized by a decreased number of spermatogonia, 
germ cell hypoplasia, Sertoli cell atrophy, tubular 
hyalinization, prominent Leydig cells (hyperplasia) 
and deformed tubules. Cryptorchid testes have small 
immature tubules, spermatogonia of variable size and a 
hyalinized tunica propria. 

Acute mumps orchitis is associated with interstitial 
edema, mononuclear infiltrate, and a degeneration of 
germinal epithelium, while recovery is characterized by 
a patchy loss of germ cells with tubular hyalinization and 
sclerosis. 

Post-testicular obstruction leads to increased tubule 
diameter, increased thickness of the tunica propria, and a 
decreased number of Sertoli cells and spermatids. These 
patients sometimes demonstrate sloughing of the germinal 
epithelium. 


TREATMENT 


Medical Care 


Limited numbers of medical treatments are aimed at 
improving chances of conception for patients with known 
causes of infertility. 


Endocrinopathies 


A number of patients with hypogonadotropic 
hypogonadism respond to GnRH therapy or gonadotropin 
replacement. HCG is an LH analogue that may be used 
alone or in combination with HMG for Leydig cell 
stimulation. Clomiphene citrate and tamoxifen are 
antiestrogens that block the negative feedback loop at the 
pituitary level, allowing a potentially increased release of 
gonadotropins. 

Patients with CAH may respond to therapy with 
glucocorticoids, while those with isolated testosterone 
deficiency may respond to testosterone replacement. 
Exogenous testosterone decreases __ intratesticular 
testosterone production, thus inhibiting Sertoli cell 
function and spermatogenesis. Treat patients with 
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hyperprolactinemia with bromocriptine, a dopamine 
antagonist, or cabergoline. 


Antisperm Antibodies 


Patients with antisperm antibody levels greater than 1:32 
may respond to immunosuppression using cyclic steroids 
for 3-6 months. However, patients need to be aware of the 
potential side effects of steroids, including avascular necrosis 
of the hip, weight gain and iatrogenic Cushing syndrome.?” 


Retrograde Ejaculation 


Imipramine or alpha-sympathomimetics, such as 
pseudoephedrine, may help close the bladder neck to 
assist in antegrade ejaculation. However, these medicines 
are of limited efficacy, especially in patients with a fixed 
abnormality such as a bladder neck abnormality occurring 
after a surgical procedure. 

Alternatively, sperm may be recovered from voided or 
catheterized postejaculatory urine to be used in assisted 
reproductive techniques. The urine should be alkalinized 
with a solution of sodium bicarbonate for optimal recovery. 

More recently, the injection of collagen to the bladder 
neck has allowed antegrade ejaculation in a patient who 
had previously undergone a V-Y plasty of the bladder 
neck and for whom pseudoephedrine and intrauterine 
insemination had failed. 


Semen Processing 


Patients with poor semen quality or numbers may benefit 
from having their semen washed and concentrated in 
preparation for intrauterine insemination. Couples 
with an abnormal postcoital test result due to semen 
hyperviscosity may benefit from a precoital saline douche 
or semen processing with chymotrypsin. 


Lifestyle 


Patients should be encouraged to stop smoking cigarettes 
and marijuana and to limit environmental exposures to 
harmfulsubstances and/or conditions. Stress-relieftherapy 
and consultation of other appropriate psychological and 
social professionals may be advised. Infections should be 
treated with appropriate antimicrobial therapy. 


Varicocelectomy 


Various techniques for varicocelectomy have been 
proposed and used, each with advantages and 
disadvantages. The retroperitoneal approach may be 


performed as an open procedure or laparoscopically. The 
inguinal and subinguinal microscopic approach allows 
for ligation of individual veins with decreased risk of 
inadvertent arterial damage. Collateral vessels entering 
the cord distally may also be directly addressed with this 
technique. Many therefore feel this is the safest and most 
effective technique. 

Successful varicocelectomy results in improvement in 
semen parameters in 60-70% of patients. The repair also 
typically halts further testicular damage and improves 
Leydig cell function. 

Persistent dilatation after repair is not unusual and 
does not necessarily represent surgical failure. Rather, the 
veins may remain clinically apparent owing to chronic 
stretching or thrombosis, even if venous reflux is no longer 
present. Semen analysis may show improvement as early 
as the 3-month follow-up visit.” 


Vasovasostomy or Vasoepididymostomy 


These microsurgical techniques are performed in patients 
with known epididymal or vasal obstruction, both 
congenital and acquired (e.g. due to surgery, trauma and 
infection). Improved surgical techniques and the use of 
the operating microscope have improved the outcomes 
in patients requiring vasectomy reversal or those with 
primary vas obstruction. 

After scrotal exploration, the patency of the duct 
system proximal to the proposed site of anastomosis 
is confirmed by examination of expressed fluid for the 
presence of sperm. If no fluid is expressed, a 24-gauge 
angiocatheter with 0.1 mL of saline should be used 
to gently barbotage the proximal vas. If no sperm are 
observed, inspect the vasal fluid aspirated. A thickened, 
white, toothpaste-like fluid usually contains no sperm 
or nonviable sperm fragments and is likely merely from 
the vasal epithelium, whereas a watery thin fluid often 
implies proximal patency. If viable sperm are observed, 
send an additional sample for cryopreservation prior to 
vasovasostomy. These sperm may be used for IVF or ICSI 
if the man remains azoospermic after the repair.'5734 

The patency of the distal duct system is confirmed 
by injecting 10 mL of sterile saline through the vas; if no 
resistance is encountered, the system is deemed patent. 
Alternatively, radiographic vasography or chromogenic 
vasography with methylene blue can be performed, with 
radiographic contrast visualized passing into the bladder or 
blue coloration of the urine proving patency, respectively. 
A 2-0 nylon suture can be passed into the vasal lumen to 
check the distance to obstruction if the above tests reveal 
distal blockage. A vasovasostomy is generally performed 
in two layers, the inner lining with interrupted 10-0 nylon 


1095 


1096 


Section 20 Reproductive Urology 


Fig. 156.4: Male infertility. Technique of vasovasostomy: Upper left is confirmation of sperm from the proximal vas deferens, proving 
proximal patency. Upper right is the inner layer anastomosis using interrupted #10-0 Prolene. Lower left is the inner layer anastomosis 
completed. Lower right is the outer layer anastomosis using #9-0 Prolene completed 


suture and the outer layer with interrupted 9-0 nylon suture 
(Fig. 156.4). Optimally, a tension-free, mucosa-to-mucosa, 
watertight anastomosis is created.” 

A vasoepididymostomy is also closed in two layers 
(Figs 156.5A to C). Factors that predict a more favorable 
outcome include a shorter time from the original injury/ 
surgery, a vasovasostomy performed on one side rather 
than bilateral vasoepididymostomies, and reconstruction 
because of an infectious etiology rather than a surgical or 
idiopathic etiology. 

A varicocelectomy and vasovasostomy should never be 
performed at the same time because of a risk of testicular 
atrophy. 


Transurethral Resection of the Ejaculatory Ducts 


Patients with a known or suspected obstruction of 
the ejaculatory ducts may be eligible for transurethral 
resection of the ejaculatory ducts (TURED), which durably 
improves semen quality in patients with ejaculatory duct 
obstruction. 


In the operating room, with patients under spinal or 
general anesthesia, the resectoscope with a 24F cutting 
loop is used to excise the verumontanum of the prostate. 
Using the O’Connor drape to enable placement of a finger 
in the rectum to elevate the prostate may be helpful. 
Resection is performed with care to avoid injuring the 
bladder neck or external sphincter.” 

Risks with this procedure include watery (urine) 
ejaculate, chemical or bacterial epididymitis due to reflux, 
bleeding and retrograde ejaculation. 


Sperm Retrieval Techniques 


Testicular sperm extraction (TESE) is performed at the 
time of testicular biopsy or as a separate procedure using 
the same technique. 

Testicular sperm aspiration (TESA) is less invasive than 
TESE but yields fewer sperm and is suboptimal in cases of 
nonobstructive azoospermia. 

Microsurgical epididymal sperm aspiration (MESA) 
involves directly retrieving sperm from the epididymis. 
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Figs 156.5A to C: Vasoepididymostomy end-to-side technique: (A) Two 9-0 nylon sutures are used to secure the seromuscular layer 
of the vas to the epididymal tunic; (B) Four 10-0 nylon sutures are then placed to secure the mucosa of the vas to the epididymal tubule; 
(C) Finally, six to eight 9-0 nylon sutures are used to secure the seromuscular layer of the vas to the epididymal tunic 


Sperm in the epididymis are more mature than that in the 
testis. Using a microscope, the epididymis is uncovered 
and incised to express sperm. Epididymal fluid is aspirated 
into a tuberculin syringe primed with human tubal fluid 
(HTF). 

Percutaneous epididymal sperm aspiration (PESA) 
involves direct sperm aspiration from the epididymis. This 
procedure can be performed under local anesthesia in the 
office setting. While effective in sperm retrieval, this does 
not allow sampling from multiple sites and is associated 
with an increased risk of epididymal and testicular injury 
and secondary epididymal obstruction. 

An autogenous spermatocele can be created in 
patients with an unreconstructable ductal system. A 
buttonhole is created within the viscera, and repeated 
percutaneous aspirations of sperm can be performed using 
ultrasonographic guidance. An intact tunica vaginalis with 
no adhesions is needed, so it is ideal for use in patients 
with normal spermatogenesis and a congenital absence of 
the vas. This procedure is rarely used. 

An alloplastic spermatocele uses an artificial silicone 
sperm reservoir in place of the tunica vaginalis for sperm 
storage and subsequent retrieval. This technique has been 
unsuccessful so far. 


Electroejaculation 


Under general anesthesia, an unlubricated Foley catheter 
is placed in the bladder and a buffer (i.e. HTF) is instilled 
through the catheter. A rectal probe is inserted with 
its electrodes positioned against the posterior seminal 
vesicles. Electrical stimulation is begun at 3-5 volts and 


increased as necessary. Electroejaculation achieves up to 
a 90% sperm retrieval rate. 

The penile vibratory stimulator has been shown to 
be a useful alternative to electroejaculation in selected 
patients. This device can be used at home using100 Hz. 
This is associated with fewer adverse effects and lower 
morbidity costs less than electroejaculation. In addition, 
collection may occur at home instead of in the operating 
room.'® 


Artificial Insemination 


Artificial insemination (AI) involves the placement 
of sperm directly into the cervix (ie. intracervical 
insemination [ICI]) or the uterus (i.e. intrauterine 
insemination [IUI]). Al is most useful for couples in whom 
the postcoital test indicated no sperm, those who have 
very low sperm density or motility, or those who have 
unexplained infertility.” 

Intrauterine insemination allows the sperm to be 
placed past the inhospitable cervical mucus and increases 
the chance of natural fertilization. This results in a 4% 
pregnancy rate if used alone and a pregnancy rate of 
8-17% if combined with superovulation. Both processes 
require semen processing. Patients in whom IUI has failed 
3-6 times should consider proceeding to IVF.” 


Assisted reproduction techniques: Patients with severe 
oligospermia, azoospermia, unexplained infertility, or 
known defects that preclude fertilization by other means are 
candidates for assisted reproduction techniques. Assisted 
reproduction techniques use donated or retrieved eggs that 
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are fertilized by the male partner’s sperm or donor sperm. 
The fertilized embryos are then replaced within the female 
reproductive tract. These techniques result in a 15-20% 
delivery rate per cycle and may eventually be successful in 
50% of cases. However, the high cost and technical difficulty 
of the procedures generally preclude their routine use as 
first-line therapy. 


In Vitro Fertilization 


In vitro fertilization involves fertilization of the egg outside 
the body and reimplantation of the fertilized embryo into 
the woman’s uterus. Indications for IVF include previous 
failures with IUI and known conditions of the male or 
female precluding the use of less-demanding techniques. 

In vitro fertilization requires a minimum of 50,000- 
500,000 motile sperm, so it cannot be used in patients with 
severe oligospermia. Harvesting eggs initially involves 
down-regulating the woman’s pituitary with a GnRH 
agonist and then performing controlled hyperstimulation. 

Follicular development is monitored by ultra- 
sonographic examination and by checking serum levels 
of estrogen and progesterone. When the follicles are 
appropriately enlarged, a transvaginal follicular aspiration 
is performed. 

A mean of 12 eggs are typically retrieved per cycle, 
and they are immediately placed in an agar of fallopian- 
tube medium. Unlike sperm and embryos, oocytes do 
not tolerate freezing. After an incubation period of 3-6 
hours, the donor sperm are added to the medium using 
approximately 100,000 sperm per oocyte. After 48 hours, 
the embryos have usually reached the 3- to 8-cell stage. 
Two to four embryos are usually implanted in the uterus, 
while the remaining embryos are frozen for future use. 
Pregnancy rates are 10-45%. 

Overall, IVF is a safe and useful procedure. Risks 
include multiple pregnancies and hyperstimulation 
syndrome. Additionally, an increased risk of hypospadias 
occurs in boys (1.5% vs 0.3%), probably because of the 
increased maternal progesterone used for egg harvesting. 
Finally, the use of this technology has led to many ethical 
issues, such as the fate of embryos after divorce. 


Gamete intrafallopian transfer (GIFT) and zygote 
intrafallopian transfer (ZIFT): These procedures allow 
the placement of semen (GIFT) or a fertilized zygote 
(ZIFT) directly into the fallopian tube by laparoscopy 
or laparotomy. Success rates have been estimated to be 
25-30% using these techniques. Unfortunately, these 
procedures require general anesthesia and have associated 
risks. Fertilization and implantation within the uterus are 


Fig. 156.6: Male infertility. Technique of intracytoplasmic sperm 
injection (ICSI). A micropipette is used to inject a single sperm 
directly into an egg 


not guaranteed, and these procedures cannot be performed 
in patients with fallopian tube obstruction. GIFT and ZIFT 
are rarely used as a therapeutic option. 


Intracytoplasmic Sperm Injection 


Intracytoplasmic sperm injection involves the direct 
injection of a sperm into an egg under microscopy (Fig. 
156.6). 

Intracytoplasmic sperm injection is indicated in 
patients who have failed more conservative therapies 
or those with severe abnormalities in which no other 
treatment would be effective, including patients with 
sperm extracted directly from the epididymis or testicle.” 

Oocytes are processed with hyaluronidase to remove 
the cumulus mass and corona radiata. A micropipette is 
used to hold the egg while a second micropipette injects 
the sperm. The oocyte is positioned with the polar body 
at the 6-o’clock or 12-o’clock position, and the sperm is 
injected at the 3-o’clock position to minimize the risk of 
chromosomal damage in the egg.” 
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Infertility may be defined as the inability to conceive after 
1 year of properly timed, unprotected intercourse. The 
number of oocytes decreases to approximately 2-3 million 
at birth and decreases again to 300,000 by the time of 
puberty. Infertility affects approximately 15% of couples. 
About 40% of cases involve a male contribution or factor, 
40% involve a female factor and the remainder involves 
both sexes (Fig. 157.1). 


CAUSE OF INFERTILITY 


The cause of infertility can be easily identified in some 
couples but in other couples the cause is less clear, and 
multiple factors may contribute. Obtaining a thorough 
history and physical examination is essential in evaluating 
an infertile couple. The following topics/issues to be 
discussed before any investigations: 

e Current and past medical/surgical problems and 

recent changes in health 


Fig. 157.1: Physiology of fertilization 
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e Employment and potential chemical/environmental 
exposures 

e Family history of miscarriages 

e Personal and family history of birth defects or 
inheritable disorders 

e Updated medicine list (including any over-the-counter 
medicine or herbs) 

e Tobacco, alcohol and drug use 

e Coital frequency and any sexual dysfunction 

e Thorough gynecologic history, including pelvic pain, 
discomfort with intercourse, menstrual cramps, cycle 
length and duration of flow 

e Prior pelvic infections 

e Duration of infertility 

e Prior pregnancies from either partner 

e Use of prior contraception. 


DIAGNOSTIC TESTS 


When evaluating an infertile couple, diagnostic studies 
should be selected as indicated. If the history is unclear, 
then tests that address the above-mentioned major 
categories of infertility should be obtained. 


Male Factor Testing 


After a medical history and physical examination, semen 

analysis is the single best test for evaluating for male factor 

infertility. For optimum and consistent results, abstinence 

is required 3-5 days prior to semen collection. The World 

Health Organization (WHO) has established methods for 

semen analysis and normal reference values. 

e Volume—at least 2 mL or greater 

e Sperm concentration—20 million/mL or more 

e Motility—atleast 50% or more with forward progression 

e Morphology—at least 30% or more normal forms (14% 
strict Kruger criteria) 

e White blood cells—fewer than 1 million/mL 

e Round cells—fewer than 5 million/mL. 
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More recently, other tests have been devised to evaluate 
sperm. The Halosperm test and the sperm chromatin 
structure assay (SCSA) have been devised to evaluate the 
DNA fragmentation of sperm. Some studies suggest that a 
DNA fragmentation of greater than 30% is associated with 
a lower probability that the male partner will be able to 
initiate a pregnancy that carries to delivery. 


Ovulatory Function Testing 


Women of reproductive age who have regular menstrual 
cycles lasting from 21-35 days are likely ovulatory. 
However, for patients to become more accustomed 
to predicting ovulation so that they can appropriately 
time intercourse, they may wish to initiate basal body 
temperature monitoring or use luteinizing hormone (LH) 
detection kits. 


Basal Body Temperature Monitoring 


Basal body temperature (BBT) monitoring is largely a 
historical method for determining the correct timing 
of intercourse. A 0.5-1.0°F rise in temperature is noted 
2 days after the luteinizing hormone (LH) peak, which 
occurs after the day of ovulation. This results from 
progesterone production from the corpus luteum. 
This method is inexpensive but time-consuming and 
cumbersome. 


Ovarian Reserve Testing 


Several simple tests for ovarian reserve exist. Initial testing 
usually includes cycle day 3 laboratories including follicle 
stimulating hormone (FSH), estradiol (E2) and leuteinizing 
hormone (LH). Typically, if the FSH level is greater than 15 
mIU/mL or the estradiol level is greater than 75 pg/mL, the 
prognosis is poor. Day 3 antral follicle scans and ovarian 
volume may also be used to evaluate ovarian reserve and 
are simple and accurate. 


Tubal Disease Testing 


The HSG is a radiographic technique in which a dye 
is injected into the cervix. This dye fills the uterus 
and eventually the tubes. If the tubes are patent, dye 
spills out into the abdominal cavity. The test requires 
approximately 10 minutes to complete. This procedure is 
primarily diagnostic, but it may possibly be therapeutic 
(for approximately 6 months), primarily when using an 


oil-based dye. Additionally, it provides imaging of the 
uterine cavity. 


Cervical Disease Testing 


In the past, suspected cervical factor infertility was tested 
with a postcoital test (PCT), looking at the interaction 
of cervical mucous and sperm at a specified time after 
intercourse during the periovulatory phase of the cycle. A 
lack of consensus exists regarding the accuracy, precision, 
and use of the PCT in the modern infertility evaluation, 
and it is now rarely used in practice. 


Uterine Disease Testing 


A screening transvaginal ultrasonography may 
demonstrate a uterine leiomyoma (fibroid) or an 
endometrial polyp. HSG typically used to evaluate the 
fallopian tubes can also be used to evaluate the uterine 
cavity or office hysteroscopy (HSC) may be performed. A 
sonohisterogram (SHG) is performed by placing a small 
catheter in the uterine cavity and instilling sterile saline 
to separate the endometrial walls under ultrasonographic 
guidance. SHGis more sensitive than an HSGin delineating 
fibroids and polyps. 


Testing for Endocrine Abnormalities 


Any evidence of the following should warrant selective 
hormonal studies. 

e Hirsutism or hair loss 

e Abnormal weight gain 

e Oily skin or acne 

e Purple striae on the abdomen 

e Polyuria/polydipsia 

e Irregular menses 

e Heat or cold intolerance 

e Headaches, visual problems or lactation without prior 


pregnancy. 

If the patient displays hirsutism, with or without 
menstrual irregularity, androgen studies such as 
dehydroepiandrosterone sulfate (DHEA-S), total 


testosterone and 17-hydroxyprogesterone should be 
performed. If unusual weight gain or fatigue develops, a 
thyroid-stimulating hormone (TSH) should be obtained. 
If galactorrhea or irregular menses occurs, measuring the 
prolactin level should be considered. Acanthosis nigricans 
suggests hyperinsulinemia. If diabetes is suspected, a 
glucose tolerance test should be obtained. 
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Unexplained Infertility 


Unexplained infertility is considered after all test results 
are negative. By definition, a physician makes the diagnosis 
of unexplained infertility after all tests are completed, 
including a diagnostic laparoscopy and hysteroscopy. 


TREATMENT 


The prevalence of infertility over the last 30 years has 
been stable, but the treatment and demand for infertility 
services has increased substantially during that time. This 
increase is due to several factors: changes in population 
demographics (older couples trying to conceive), 
increased patient awareness and access to services, and 
advances and improvements in fertility treatments. 


Treatment of Male Factor 


Any abnormal semen analysis study result needs a 
repeat semen analysis (SA) at least 4 weeks apart. The 
average time of sperm turnover is approximately 60-70 
days. Since semen parameters can be affected by acute 
illness and environmental factors, a repeat SA will give 
a more accurate reflection of overall semen quality. If 
results remain abnormal, refer the patient to a urologist 
to evaluate for any genetic, anatomic, hormonal, or 
infectious causes. If the volume is less than 1 mL, consider 
retrograde ejaculation and obtain an analysis of the urine. 
If the sperm concentration is less than 20 million/mL, yet 
the swim-up extraction yields at least 1 million total motile 
sperm, intrauterine inseminations (IUI) is the treatment 
of choice. If sperm counts are extremely low or if motility 
is poor, in vitro fertilization (IVF) with intracytoplasmic 
sperm injection (ICSI) may be required. 


Treatment of Tubal Disease 


Often, if only one tube is affected, ovarian stimulation with 
gonadotropins produces mature oocytes in the ovary near 
the patent tube. In patients with minimal or moderate tubal 
disease, laparoscopic lysis of adhesions and procedures 
should be performed to normalize tubal function, with 
an emphasis on prevention of adhesion recurrence. 
Laparoscopic lysis of adhesions offers an opportunity 
to conceive either naturally or with minimal types of 
therapy. If only proximal tubal occlusion is present, these 
obstructions can be fixed with a balloon tuboplasty under 
fluoroscopic guidance similar to the common angioplastic 
procedure in cardiology. 


Treatment of Cervical Factor 


Intrauterine inseminations may offer a reasonable option 
for treatment. The presence of antisperm antibodies in 
the female or male warrants IUI. If the antibodies are on 
the sperm itself, washing the sperm with a chymotrypsin/ 
galactose preparation may improve sperm motility. 


Treatment of Uterine Factor 


An operative hysteroscopy is usually required to lyse 
adhesions or remove endometrial polyps or submucosal 
fibroids. Intramural fibroids and subserosal fibroids may 
be removed by laparotomy, traditional laparoscopy or 
robotically assisted laparoscopy. At present, none of the 
commercially available barriers have been proven to 
be better at adhesion prevention over excellent surgical 
technique. In severe cases of uterine pathology, the 
best option for conception may be through the use of a 
gestational carrier. 


Treatment of Ovulatory Dysfunction 


If a patient has a normal ovarian reserve, determining 
the potential cause of the ovulatory defect is prudent. 
The practitioner should consider the following scenarios 
prior to initiating treatment. In the presence of obesity and 
chronic anovulation, polycystic ovarian syndrome (PCOS) 
or Cushing disease may be evident and in the case of 
hirsutism, the patient may have elevated androgen levels or 
hyperinsulinemia, requiring further testing. 

The following clomiphene citrate (CC) treatment 
regimens are often used for ovulation induction in patients 
with idiopathic ovulatory dysfunction or PCOS: 

e Clomiphene citrate (50 mg on Days 2-6 or Days 5-9) 
e Clomiphene citrate (100 mg on Days 2-6) plus follicle 
stimulating hormone (FSH) (1-2 amps starting on Day 8) 
e Clomiphene citrate plus human chorionic 
gonadotropin (hCG) for ovulation induction 
e Elevated androgen levels—dexamethasone (0.25 
mg/d) plus clomiphene citrate 

e Hyperinsulinemia with elevated androgens— 
metformin (500 mg tid) plus clomiphene citrate. Many 
women spontaneously ovulate on metformin alone; 
thus, many clinicians allow a trial of 1-3 months prior 
to adding clomiphene citrate. However, recent data 
suggest that clomiphene citrate alone may be more 
efficacious at achieving a live birth than metformin 
or the combination of metformin with clomiphene 
citrate. 
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e Aromatase inhibitors [letrozole (2.5 mg PO on cycle 
days 3-7)] has been shown in early studies to work as 
well as clomiphene citrate to induce mono-ovulation 
and to have little or no adverse affect on endometrial 
thickness. 

The goal of therapy is to achieve three ovulatory 
cycles; 40-50% of women should become pregnant in 
this timeframe in the absence of any other abnormalities. 
If conception has not occurred after three clomiphene 
citrate cycles, the practitioner should investigate other 
causes of infertility. No more than six consecutive cycles 
are recommended because of the theoretical risk of 
borderline ovarian tumors and extremely low pregnancy 
success rates after this point. 

Ovulation induction can also be initiated with 
exogenous FSH. During such cycles, FSH is generally 
started on cycle Day 3 and the patient is monitored 
for development of 1-2 dominant follicles. When 1-2 
dominant follicles have grown to the appropriate size, 
ovulation is hormonally induced and IUI is performed. 


Treatment of Unexplained Infertility 


The choice of treatment protocol depends on how 
aggressive the couple wants to be with their efforts to 
conceive. Most physicians start with either clomiphene 
citrate or gonadotropins in conjunction with IUIs. Patients 
should completely understand the success rates and the 
risks of multiple pregnancies with any treatment protocol. 


ASSISTED REPRODUCTIVE TECHNIQUES 


In Vitro Fertilization 


Modern in vitro fertilization (IVF) generally involves 
controlled ovarian hyperstimulation with exogenous 
gonadotropins, harvesting the eggs via transvaginal 
ultrasonographic-guided aspiration, co-culture of eggs 
and sperm in culture (or intracytoplasmic injection of 
sperm into the oocyte), and placement of the resultant 
zygotes (2-5 days later) directly into the uterus. 

The first IVF pregnancy was achieved in 1978. Since 
then, the number of IVF centers and IVF procedures 
performed has increased dramatically. 


Gamete Intrafallopian Transfer 


Gamete intrafallopian transfer (GIFT) was developed 
in 1984 for women with unexplained infertility. GIFT is 


much less utilized, but to certain religious and ethnic 
communities (in which fertilization inside the woman’s 
body is the only type allowed), it is considered more 
acceptable. During this procedure, the patient undergoes 
a controlled ovarian hyperstimulation. The oocytes are 
retrieved transvaginally under ultrasonographic guidance, 
and 3-4 oocytes are placed via laparoscopy into one of the 
fallopian tubes along with sperm. 


Zygote Intrafallopian Transfer 


During zygote intrafallopian transfer (ZIFT), oocytes are 
retrieved similar to IVF and GIFT and they are allowed 
to fertilize in vitro in the laboratory as in IVE A day after 
fertilization (two-cell stage), 3-4 embryos are transferred 
via laparoscopy into one of the fallopian tubes. If the 
embryos are allowed to develop to greater than a two-cell 
stage, the procedure is termed tubal embryo transfer 
(TET). 


Intracytoplasmic Sperm Injection 


Intracytoplasmic sperm injection (ICSI) is the treatment 
of choice for couples in whom the male partner has 
azoospermia or severe oligospermia (Fig. 157.2). ICSI 
is also indicated for men with significant antisperm 
antibodies, low-sperm motility, or significantly abnormal 
sperm morphology. 


Fig. 157.2: The technique of intracytoplasmic sperm injection (ICSI) 
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Intracytoplasmic sperm injection is used when poor success was obtained with spermatids from testicular 
fertilization occurs with regular insemination techniques biopsies. 
in the laboratory. ICSI may be used when a limited amount 
of sperm is available, such as in couples where the man BIBLIOGRAPHY 
has stored sperm prior to chemotherapy. ICSI is indicated 
in certain preimplantation genetic diagnosis (PGD) 1. Rupin Shah. Surgical sperm retrieval: Techniques and their 


procedures—specifically those cases being evaluated indications. Indian J Urol. 2011;27(1):102-9. 

for single-gene recessive disorders. This prevents the 2. Shadaan Abid, Anurupa Maitra, Pervin Meherji, et al. Clinical 
potential contamination of the specimen with sperm that and laboratory evaluation of idiopathic male infertility 
may be attached to the egg. Sperm can be obtained from in a secondary referral center in India. J Clin Lab Anal. 


the ejaculate or directly from the epididymis. Recently, 2008;22(1):29-38. 
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Erectile dysfunction (ED) is considered to be a benign 
disorder but it may have a dramatic impact on the quality 
of life of men and their sexual partner. Impotence is 
an increasingly common presenting problem to the 
urologists. The basic knowledge in this area is progressing 
rapidly and there has been a major change in the approach 
to these patients. Innumerable number of research in this 
field for the last decade has opened a new arena for the 
management of impotence and it ranges from noninvasive 
to invasive treatment modalities.“ 


Definition: Impotence may be defined as a chronic inability 
of initiating or sustaining erection suitable for satisfactory 
sexual intercourse. 


PREVALENCE 


Recent epidemiological data have shown a high prevalence 
and incidence of ED worldwide. The first large scale, 
community-based study of ED was the Massachusetts 
Male Aging Study (MMAS). The study reported an overall 
prevalence of 52% ED in noninstitutionalized 40-70 year 
old men in the Boston area in the USA specific prevalences 
for minimal, moderate and complete ED were 17.2%, 
25.2% and 9.6%, respectively. 

The incidence rate of ED (new cases per 1,000 
men annually) was 26 in the MMAS study, 65.6 (mean 
follow-up of 2 years) in a Brazilian study and 19.2 (mean 
follow-up of 4.2 years) in a Dutch study. Differences 
between these studies can be explained by differences in 
methodology and in the ages and socio-economic status 
of the populations studied.*® 


RISK FACTORS FOR ERECTILE DYSFUNCTION 


Since an erection requires a sequence of events, 
impotence can occur when any of the events is disrupted. 


Erectile Dystunction 


The sequence includes nerve impulses in the brain, spinal 
column and area of the penis, and response in muscles, 
fibrous tissues, veins and arteries in and near the corpora 
cavernosa (Box 158.1). 

Diseases of the blood vessels supplying the penis, 
smooth muscles, nerves and fibrous tissues are the most 
common cause of impotence. Diseases, including diabetes, 
kidney disease, chronic alcoholism, multiple sclerosis, 
atherosclerosis and vascular disease, account for about 
70% of cases of impotence. About 50% of diabetic males 
experience impotence. Pelvic surgery can injure nerves 
and arteries near the penis, causing impotence. Injury to 
the penis, spinal cord, prostate, bladder, and pelvis can 
lead to impotence by harming nerves, smooth muscles, 
arteries, and fibrous tissues of the corpora cavernosa. 
Impotence is also caused as a side effect of some drugs. 
These include high blood pressure drugs, antihistamines, 
antidepressants, tranquilizers, appetite suppressants, and 
cimetidine. 


Box 158.1: Common risk factor of erectile dysfunction 
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It is believed that psychological factors cause 10-20% 
of cases of impotence particularly in young patients. These 
factors include stress, anxiety, guilt, depression, low self- 
esteem and fear of sexual failure. Such factors are broadly 
associated with more than 80% of cases of impotence, 
usually as secondary reactions to underlying physical 
causes. Other possible causes of impotence may include 
endocrine abnormalities and diseases which reduces 
blood flow in penile arteries.*° 


Aging 


Aging, which has the strongest association with ED, 
probably exerts its effects mainly through impaired 
vasodilatory and veno-occlusive mechanisms. Atheroma 
of the internal iliac arteries and their pudendal branches 
and age-related degeneration of intracorporeal smooth 
muscle resulting in venous leakage are important factors 
related to age. In the MMAS (Massachusetts Male Aging 
Study) sample, the probability of complete impotence 
tripled from 5 to 15% between subject ages of 40 and 70 
years.® 


Cardiovascular Disease 


Erectile dysfunction shares common risk factors with 
cardiovascular disease (e.g. lack of exercise, obesity, 
smoking, hypercholesterolemia, metabolic syndrome), 
some of which can be modified. In the MMAS, men who 
began exercising in midlife had a 70% reduced risk for 
ED compared to sedentary men and a significantly lower 
incidence of ED over an 8-year follow-up period of regular 
exercise.’ 


Diabetes Mellitus 


Erectile dysfunction is one of the most common 
complications of diabetes, its prevalence ranging from 35 
to 75% of diabetic men. Damage to small blood vessels 
is the main etiology and, therefore, ED often occurs in 
association with diabetic retinopathy. Diabetic peripheral 
autonomic neuropathy is a further contributory factor. 
ED may develop as a result of the progressive loss of small 
unmyelinated so-called C-fibers secondary to diabetes. 
Saenz de Tejada et al. has reported that diabetes is 
associated with loss of nitric oxide synthase (NOS) from 
nonadrenergic-noncholinergic (NANC) nerve endings 
and endothelial cells in the corpora. This may explain the 
common association of ED with diabetes. 

The prevalence of ED amongst diabetic patients is 
also age related. Changes in the cavernous artery and 


cavernous erectile tissue have been reported in patients 
with diabetes. Diabetic men and older men were found to 
have a high incidence of fibrotic lesions in the cavernous 
artery, with intimal proliferation, calcification, and luminal 
stenosis.°* 


Chronic Renal Failure 


Impaired erectile function is frequent in men with chronic 
renal failure and the prevalence of ED has been reported to 
be as high as 45% in this setting. The pathophysiology of ED 
in patients with renal failure is not clear. Hypogonadism is 
due to dysfunctioning of Leydig cells, hyperprolactinemia, 
hyperparathyroidism, anemia, protein malnutrition, zinc 
deficiency, hypertension and use of antihypertensive 
drugs have all been implicated. 


Drug Therapy 


The role of some drug classes such as estrogens (used 
in the treatment of prostatic cancer), antihypertensives 
and cardiac-active drugs in causation of ED is well 
documented. Newer classes of antihypertensive agents 
are less frequently associated with sexual dysfunction 
than diuretics or blockers. However, nearly every first-line 
antihypertensive drug has been reported to cause some 
degree of ED. 

Erectile dysfunction has been reported in patients 
with most psychotherapeutic drugs that produce central 
nervous system (CNS) sedation or depression, and 
the mechanism has been attributed to an elevation of 
serum prolactin concentrations, sedative effects, an 
anticholinergic effect, decreased dopaminergic activity or 
central effects on the limbic system. 


Depression 


Reactive or endogenous depression is strongly associated 
with ED nearly 90% of severely depressed men report 
complete impotence. Treatment with antidepressants 
may sometimes improve the situation, although both 
monoamine oxidase inhibitors and tricyclic antidepressants 
may in themselves cause ED. Selective serotonin reuptake 
inhibitors such as fluoxetine may not only cause ED but 
may also retard ejaculation. Psychological explanations for 
impotence, which are common in popular conceptions and 
in case histories, have a specific physiological basis. While 
psychogenic stimuli normally facilitate erection, cerebral 
signals can produce impotence equally well by inhibiting 
reflex activation of the parasympathetic dilator nerves that 
enhance inflow of blood to the penis. 
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Pelvic Surgery 


Pelvic surgery, particularly radical prostatectomy, 
cystoprostatectomy and abdominoperineal resection 
(APR) are all strongly associated with subsequent ED. 


PHYSIOLOGY OF ERECTION 


Normal erection involves hemodynamics events in penis 
controlled by CNS and local factors. Increased blood flow 
regulated by the relaxation of the cavernosal arteries and 
corporal smooth muscle. 

Penile erections involve an integration of complex 
physiologic processes involving the CNS, peripheral 
nervous system, and hormonal and vascular systems. 
Any abnormality involving these systems, whether from 
medication or disease, has a significant impact on the 
ability to develop and sustain an erection, ejaculate, and 
experience orgasm. Tumescence, the vascular filling of 
the cavernous bodies, relies on neural and hormonal 
mechanisms operating at various levels of the neural axis. 
This is unique among visceral functions because it requires 
central neurological input. 

In the flaccid state sympathetic innervation produces 
tonic contraction of arterial and corporal smooth muscles 
minimizing blood flow through the cavernosal artery in to 
the cavernosal spaces. 

Erotic stimuli increases the parasympathetic stimuli 
and decreased sympathetic activity results relaxation 
of penile smooth muscle which allow excess blood flow 
through the helicine arteries. Distension of venous 
sinusoids compresses the subtunical veins resulting penile 
engorgement and erection. 

Detumescence occurs with sensation of para- 
sympathetic stimulation and increase in the sympathetic 
discharge leading to reduced blood flow, improved venous 
drainage results the flaccidity of penis (Table 158.1). 

The nitric oxide (NO) pathway is of critical importance 
in the physiologic induction of erections. The drugs 
currently used to treat ED were developed as a result of 
experimental and clinical work that demonstrated that 
NO released from nerve endings relaxes the vascular and 
corporal smooth muscle cells of the penile arteries and 
trabeculae, resulting in an erection. 

Nitric oxide is produced by the enzyme NOS. Three 
forms have been identified: (1) nNOS; (2) eNOS; and (3) 
iNOS whichare produced by the genes NOS1 (nNOS), NOS2 
(iNOS), and NOS3 (eNOS). This nomenclature is derived 
from the source of the original isolates. nNOS was found 
in neuronal tissue, iNOS was found in immunoactivated 
macrophage cell lines, and eNOS was found in vascular 


Table 158.1: Hemodynamic changes in phases of erection and 
detumescence 


Flaccid phase Blood flow 2.5-8 ml/100 gm per minute 


Filling phase Over 20 ml/100 gm per minute elongation 
of penis 


No changes in intracavernous pressure 


Tumescent phase Intracavernous pressure rises gradually 


above the diastolic pressure and blood 


flow occurs during systolic phases further 
reduced. Venous channels are closed now 


Rigid erection 
phases 


At this phase almost no blood flows through 
the cavernous artery and last for only short 
time 

Detumescent phase After ejaculation sympathetic discharge re- 
sumes results contraction of smooth muscles 
thereby expelling blood from the sinusoids 
and the penis returns to flaccid state 


endothelium. All forms of NOS produce NO, but various 
factors trigger and regulate this process. 

Nitric oxide synthase plays many roles, ranging 
from homeostasis to immune system regulation. These 
subtypes are not limited to the tissues from which they 
were first isolated. Each NOS subtype may play a different 
biological role in various tissues. nNOS and eNOS 
are considered constitutive forms because they share 
biochemical features. They are calcium-dependent, they 
require calmodulin and reduced nicotinamide adenine 
dinucleotide phosphate for catalytic activity, and they are 
competitively inhibited by arginine derivatives. These two 
subtypes use the biochemical pathway that targets cyclic 
guanosine monophosphate (cGMP). They are involved 
in the regulation of neurotransmission and blood flow, 
respectively. 

Erectile dysfunction is essentially a vascular disease. 
It is often associated with other vascular diseases and 
conditions such as diabetes, hypertension and coronary 
artery disease. Other conditions associated with ED include 
neurologic disorders, endocrinopathies, benign prostatic 
hyperplasia, and depression. Conditions associated 
with reduced nerve and endothelium function, such as 
aging, hypertension, smoking, hypercholesterolemia, 
and diabetes, alter the balance between contraction and 
relaxation factors. These conditions cause circulatory and 
structural changes in penile tissues, resulting in arterial 
insufficiency and defective smooth muscle relaxation. In 
some patients, sexual dysfunction may be the presenting 
symptom of these disorders. Additionally, ED is often an 
adverse effect of many commonly prescribed medications. 
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Some psychotropic drugs and antihypertensive agents are 
associated with ED. 

Trauma that affects the neurologic or vascular 
components can also lead to ED. Men with severe 
Peyronie’s disease, an inflammatory vasculitis, may have 
enough scar tissue in the corpora to impede blood flow. 
Men with sleep disorders commonly experience ED. 
Another important consideration is the hormonal status of 
the patient. Hypogonadism that results in low testosterone 
levels adversely affects libido and erectile function. 
Hypothyroidism is a very rare cause of ED. Most patients 
with ED have multiple etiological factors; thus, assessing 
how much each is contributing to the problem is difficult. 
Because most men with ED have an organic cause, a 
thorough evaluation is necessary to correctly identify the 
specific etiology in any given individual.** 


ETIOLOGY OF ERECTILE DYSFUNCTION 


Psychogenic Erectile Dysfunction 


Psychological causes (ie. performance anxiety, 
depression) used to be considered the most common 
reason for impotence in young adults. Secondary 
psychological components can be expected in all cases 
(Box 158.2). 


Organic Erectile Dysfunction (50-90%) 


Vasculogenic Erectile Dysfunction 


This is the most common single cause due to either poor 
flow (arterial insufficiency) or enhanced outflow (venous 
leak). 


Neurogenic Erectile Dysfunction 


Common neurologic etiologies include diabetic 
neuropathy and spinal cord injury, PLID, radical pelvic 
surgery, pelvic radiotherapy. 


Box 158.2: Types of impotence 


Box 158.3: Drugs may induce erectile dysfunction 


Drug Induced Erectile Dysfunction 


A number of drugs may cause impotence, i.e. estrogen, 
antiandrogen, for the treatment of carcinoma of prostate, 
all antihypertensive drugs. H, blockers, sedatives and 
tranquilizer all causes varying degree of ED (Box 158.3). 


Endocrine Erectile Dysfunction 


Hypogonadotropic men with small atrophic testis and low 
serum testosterone levels (very rare). 


Local Causes 


Priapism or Peyronie’s disease can cause cavernosal injury 
resulting in ED. 


WORK-UP OF ERECTILE DYSFUNCTION 


History 


An appropriate evaluation of patients with ED should 
include a medical history, detailed sexual history, 
psychosocial evaluation and a careful physical examination. 
This is a sensitive topic and the clinician must be sensitive 
to the patient’s comfort level. Taking the history provides an 
opportunity for the physician to initiate patient and partner 
education about ED and its treatments and to facilitate 
communication. It also allows the physician to establish a 
rapport with the couple which assists in treatment. 

Aclear description of the problem entails determining if 
the patient has difficulty obtaining an erection, ifthe erection 
is suitable for penetration, if the erection can be maintained 
until the partner has achieved orgasm, if ejaculation occurs, 
and if both partners have sexual satisfaction. 

Rapid (premature) ejaculation generally occurs in men 
younger than 40 years. This situation can cause a great deal 
ofstress on the couple’s relationship. A history of premature 
ejaculation can be obtained from many men who present 
in later years with erectile difficulty. Effective treatments 
including selective serotonin reuptake inhibitor (SSRI) 
medications and sex therapy are available to remedy 
this condition. 
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Obtain information about current medications, prior 
surgeries and other disorders, and begin forming an objective 
opinion regarding the interpersonal relationship between 
the partners. In addition to general medical information, 
any history of pelvic surgery, trauma, prior prostate surgery 
or radiation to the prostate should be elicited. 

A detailed list ofall medications taken during the past year 
including all vitamins and other dietary supplements should 
be obtained. Patients often neglect to list dietary supplements 
they may have tried to improve their sexual function. 

One ofthe commonly used medications inthe treatment 
of men with benign prostatic hyperplasia is one of the 
5-alpha reductase inhibitors, finasteride or dutasteride. 
Fifteen percent of subjects treated with finasteride and 7% 
of control subjects had evidence of sexual dysfunction that 
was thought to be related to the drug. 

Tobacco use, alcohol intake, caffeine intake and illicit 
drug use should be documented. Explore stress factors 
and tension at work and at home. Assess the patient’s 
psychological state; in particular, look for indications of 
depression, loss of libido, problems and tension in the 
sexual relationship, insomnia, lethargy, moodiness, and 
stress from work or other sources.* 


CAUSES OF ERECTILE DYSFUNCTION 


Vasculogenic 


e Cardiovascular disease 

e Hypertension 

e Diabetes mellitus 

e Hyperlipidemia 

e Smoking 

e Major surgery (radical prostatectomy) or radiotherapy 
(pelvis or retroperitoneum). 


Neurogenic 
Central Causes 


e Multiple sclerosis 

e Multiple atrophy 

e Parkinson’s disease 

e Tumors 

e Stroke 

e Disk disease 

e Spinal cord disorders. 


Peripheral Causes 


e Diabetes mellitus 
e Alcoholism 


e Uremia 

e Polyneuropathy 

e Surgery (pelvis or retroperitoneum, radical prostat- 
ectomy). 


Anatomical or Structural 


e Peyronie’s disease 

e Penile fracture 

e Congenital curvature of the penis 
e Micropenis 

e Hypospadias, epispadias. 


Hormonal 


e Hypogonadism 

e Hyperprolactinemia 

e Hyper and hypothyroidism 
e Cushing’s disease. 


Drug-induced 


e Antihypertensives (diuretics and beta-blockers are the 
most common causes) 

e Antidepressants 

e Antipsychotics 

e Antiandrogens 

e Antihistamines 

e Recreational drugs (heroin, cocaine, methadone). 


Psychogenic 


e Generalized type (e.g. lack of arousability and disorders 
of sexual intimacy). 

Situational type (e.g. partner-related, performance- 
related issues or due to distress). 

The sexual history may include information about 
previous and current sexual relationships, current 
emotionalstatus, onsetand duration oftheerectile problem, 
and previous consultations and treatments. A detailed 
description should be made of the rigidity and duration 
of both erotic and morning erections and of problems 
with arousal, ejaculation and orgasm. Questionnaires 
have been developed to gather objective data regarding 
impotence and to assist clinicians in the evaluation of 
their patients. The International Index of Erectile Function 
(IIEF) is a sensitive, specific and standardized tool that 
has been validated in several languages. This 15-question 
method evaluates five domains. These include erectile and 
orgasmic function, sexual desire, intercourse satisfaction 
and global satisfaction. The IIEF is used to evaluate 
pharmacologic and other therapies for the treatment 
of ED. 
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SEXUAL FUNCTION SCORE 


A 5-question tool has been developed as a sexual health 
inventory for men, termed the IIEF-5. This is helpful for 
the clinician to screen patients for ED because many men 
are hesitant to discuss the problem. The IIEF-5 scores 
the answers on a scale of 0-5. A score of 25 is typical for a 
healthy man, while scores of 11 or less indicate moderate- 
to-severe ED. The patient is asked the following five 
questions relating to the past 6 months: 
1. How do you rate your confidence that you could 
achieve and maintain an erection? 
2. When you had erections with sexual stimulation, how 
often were your erections hard enough for penetration? 
3. During sexual intercourse, how often were you able to 
maintain your erection after you had penetrated your 
partner? 
4. During sexual intercourse, how difficult was it to 
maintain your erection to the completion ofintercourse? 
5. When you attempted sexual intercourse, how often 
was it satisfactory for you? 

Following completion of the IEF or the ITEF-5 and a 
discussion with the patient, the physician should have 
a good understanding of the nature and scope of the 
patient’s problem. 

Sexual history should include an interview of the 
patient and his sexual partner because of the fact that 
female factor may be important for development of ED in 
that particular patient. Many patients with ED like recent 
life crises such as deaths, divorce, financial problems or loss 
of jobs. Determine if the patient ever has an erection (i.e. 
on arising in the morning) and when was his last normal 
erection. Take a careful drug history, including illegal drugs 
and alcohol. Question for evidence of peripheral vascular 
disease, i.e. claudication, coronary artery disease or 
diabetes. Ask about a history of pelvic or perineal trauma.* 


Physical Examination 


Examination should include assessment of primary sexual 
organ and secondary sexual characteristics. Examination 
of peripheral pulses, neurologic examination and digital 
rectal examination should be performed. Penis should be 
palpated to discover possible plaques along the shaft of 
the penis (i.e. Peyronie’s disease). 

The physical examination may corroborate history 
findings and reveal unsuspected physical findings such 
as penile plaques, small testes, evidence of possible 
prostate cancer, prostate infections or hypertension. 
Several studies have demonstrated a strong correlation 
between hypertension and ED. A number of recent 
studies has shown a correlation between benign prostatic 


hyperplasia and ED. The causality for this relationship is 
not yet clear. 

A focused physical examination entails an evaluation of 
the patient’s blood pressure, peripheral pulses, sensation, 
status of the genitalia and prostate, size and texture of the 
testes, the presence of the epididymis and vas deferens, 
and abnormalities of the penis such as hypospadias and 
Peyronie’s plaques. 

Penile blood pressure may be obtained and the penile 
brachial pressure index (PBI) can be calculated. If the ratio 
is less than 0.6 then it is considered as abnormal. This test 
is rarely performed. 


EVALUATION OF ERECTILE DYSFUNCTION 


Several laboratory tests can help diagnose impotence. Tests 
for systemic diseases include blood counts, urinalysis, lipid 
profile and measurements of creatinine and liver enzymes. 
For cases of low sexual desire, measurement of testosterone 
in the blood can yield information about problems with the 
endocrine system. 

Monitoring erections that occur during sleep 
[nocturnal penile tumescence (NPT)] can help rule out 
certain psychological causes of impotence (Figs 158.1 
and 158.2). Healthy men have involuntary erections 
during sleep. If nocturnal erections do not occur, then 
the cause of impotence is likely to be physical rather 
than psychological. Tests of nocturnal erections are 
not completely reliable, however. Scientists have not 
standardized such tests and have not determined when 
they should be applied for best results. 


Laboratory Tests 


Fasting blood glucose—screening for diabetes: 

e Lipid profile 

e Serum free testosterone level 

e Ifthe serum testosterone is low it should be repeated 
and assessment of free testosterone, prolactin and 
luteinizing hormone should be obtained. 


Special Studies 


The specialized diagnostic tests are aimed to obtain the data 
that includes possible cause of the ED, its magnitude and 
also to develop a treatment plan. The Impotence study may 
be noninvasive or invasive and usually the non-invasive or 
minimally invasive tests are employed first. Appropriate 
history careful physical examination and by employing 
simple inexpensive and non invasive test can be good enough 
for a confident evaluation of ED for a confident management. 
How, ever a list of advanced studies is incorporated. 
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Fig. 158.1: Nocturnal penile tumescence with simple 
postage stamp 


Fig. 158.2: Monitoring the nocturnal tumescence with rigiscan 


Nocturnal Penile Tumescence 


It is normal for a man to have five to six erections during 
sleep, especially during rapid eye movement (REM). Their 
absence may indicate a problem with nerve function 
or blood supply in the penis. There are two methods for 
measuring changes in penile rigidity and circumference 
during nocturnal erection: (1) snap gauge; and (2) strain 
gauge. A significant proportion of men who have no sexual 
dysfunction nonetheless do not have regular nocturnal 
erections. Thus, presence of NPT tends to signify physically 
functional systems, but absence of NPT may be ambiguous 
and not rule out either cause. 


Duplex Ultrasound 


Duplex ultrasound is used to evaluate blood flow, venous 
leak, signs of atherosclerosis and scarring or calcification 
of erectile tissue. Injecting prostaglandin, a hormone- 
like stimulator produced in the body, induces erection. 
Ultrasound is then used to see vascular dilation and 
measure penile blood pressure. Measurements are 
compared to those taken when the penis is flaccid. 


Penile Nerves Function 


Tests such as the bulbocavernosus reflex test are used to 
determine if there is sufficient nerve sensation in the penis. 
The physician squeezes the glans (head) of the penis which 
immediately causes the anus to contract, if nerve function 
is normal. A physician measures the latency between 
squeeze and contraction by observing the anal sphincter 
or by feeling it with a gloved finger inserted past the anus. 
Specific nerve tests are used in patients with suspected 
nerve damage as a result of diabetes or nerve disease. 


Penile Biothesiometry 


This test uses electromagnetic vibration to evaluate sensitivity 
and nerve function in the glans and shaft of the penis. 
A decreased perception of vibration may indicate nerve 
damage in the pelvic area which can lead to impotence. 


Penile Angiogram 


Invasive test allows visualization of the circulation in the 
penis and is used during the repair of a priapism. 


Dynamic Infusion Cavernosometry 


Dynamic infusion cavernosometry (DICC) is a technique 
in which fluid is pumped into the penis at a known rate and 
pressure. It gives a measurement of the vascular pressure 
in the corpus cavernosum during an erection. To do this 
test, a vasodilator like prostaglandin E-1 is injected to 
measure the rate of infusion required to get a rigid erection 
and to help find how severe the venous leak is. 


Corpus Cavernosometry 


Cavernosography is the measurement of the vascular 
pressure in the corpus cavernosum. Saline is infused under 
pressure into the corpus cavernosum with a butterfly 
needle and the flow rate needed to maintain an erection 
indicates the degree of venous leakage. The leaking veins 
responsible may be visualized by infusing a mixture of 
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saline and X-ray contrast medium and performing a 
cavernosogram. 


Digital Subtraction Angiography 


In digital subtraction angiography (DSA), the images are 
acquired digitally. The computer creates a mask from 
lower-contrast X-rays of the same area and digitally 
isolates the blood vessels (this is done manually through 
darkroom masking with traditional angiography). 


Magnetic Resonance Angiography 


This is similar to magnetic resonance imaging. Magnetic 
resonance angiography (MRA) uses magnetic fields and 
radio waves to provide detailed images of the blood vessels. 
Doctors may inject a “contrast agent” into the patient’s 
bloodstream that causes vascular tissues to stand out against 
other tissues. The contrast agent provides for enhanced 
information regarding blood supply and vascular anomalies. 
Aside from the intravenous (IV) used to introduce the 
contrast material into the bloodstream, magnetic resonance 
angiography is noninvasive and painless. 


MANAGEMENT OF ERECTILE DYSFUNCTION 


Treatment of Erectile Dysfunction 


The primary goal in the management strategy of a patient 
with ED is to determine the etiology of the disease and treat 
it when possible, and not to treat the symptom alone. As a 
rule ED can be treated successfully with current treatment 
options, but cannot be cured. Erectile dysfunction may be 
associated with modifiable or reversible factors, including 
lifestyle or drug-related factors. These factors may be 
modified either before, or at the same time as, specific 
therapies are used (Table 158.2). 

Most men with ED will be treated with treatment 
options that are not cause-specific. These results in a 
structured treatment strategy depends on efficacy, safety, 
invasiveness and cost, and as well as patient’s preference. 


Table 158.2: Evaluation of erectile dysfunction 
Invasive test 


Clinical pharmacological 
manipulation test 


Non invasive test 

Lab tests, e.g. fasting blood 
sugar 

Penile brachial pressure index 
Nerve conduction studies 


Dynamic infusion cavernosometry 
Cavernosography 


Penile plethesmography Angiography 


Duplex color ultrasonography Digital subtraction angiography 


To counsel patient properly with ED, physicians must be 
fully informed of all treatment options. The assessment of 
treatment options must consider the effects on patient and 
partner satisfaction and other quality of life (QOL) factors 
as well as efficacy and safety. 

Following clinical evaluation and investigation it is 
usually possible to come to a reasonable diagnosis and 
a treatment strategy may be formulated. Varieties of 
treatment options are currently available which can be 
tailored according to the need of a particular patient. For 
practical purpose treatment options may be classified into: 
e First-line treatment 
e Second-line treatment 
e ‘Third-line treatment. 


First-Line Treatment of Erectile Dysfunction 


First-line treatment may include change of lifestyle, 
removing and correcting the psychogenic factors, and 
correcting underlying diseases which may induce ED. 
Effective management of diabetes may improve the ED. 
This first-line treatment of ED also includes the oral drugs 
of which PDES inhibitor is most effective. 

Psychosexual counseling may be clearly indicated 
for the psychogenic ED. The psychosexual counselor or 
a psychiatrist best executes this form of treatment with 
a special interest in this field. Psychotherapy frequently 
requires couple counseling. Currently the importance of 
the female partner has been emphasized. Psychotherapy is 
usually conducted as short-term and may by supplemented 
with some form of other treatment. 

Three potent selective PDE5 inhibitors are available 
for treatment of ED. They are not initiators of erection 
and require sexual stimulation to facilitate an erection. 
The PDE5 enzyme hydrolyzes cGMP in the cavernosum 
tissue of the penis. Inhibition of PDE5 results in increased 
arterial blood flow leading to smooth muscle relaxation, 
vasodilatation and penile erection (Table 158.3).°7*! 

e Sildenafil (Viagra): Sildenafil is the first oral agent to 
be well documented as an effective form of treatment 
for men experiencing ED. Since its introduction in 


Table 158.3: Treatment options for erectile dysfunction 
Medical management 
Psychotherapy 
Oral drug therapy 
Vacuum suction device 


Surgical management 
Penile prosthesis 
Correction of physical abnormalities 


Urethral application 


Intracaversonal injection of 
vasoactive drug 
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March, 1998, no other therapy for ED has achieved 

such prominent public recognition. Of the 250,000 

American physicians who have written prescriptions 

for sildenafil, 14% have been written by urologists and 

82% by nonurologists. 

Controlled clinical trials in selected populations of men 
with ED have demonstrated the efficacy of sildenafil in 
helping men achieve and maintain erections. The efficacy 
of sildenafil was demonstrated in 21 randomized, double- 
blind, placebo-controlled studies of up to 6 months’ duration 
involving more than 3,000 male subjects aged 20-87 years. 

Sildenafil is a potent inhibitor of PDE5, the enzyme 
that acts in the corpora to breakdown cGMP. This action is 
mediated by the secondary neurotransmitter NO, which is 
primarily responsible for smooth muscle relaxation within 
the corpora cavernosa. The inhibition of PDE5 slows the 
degradation of NO, which enhances its effect. This permits 
the development of an improved and sustainable erection. 

Sildenafil has been demonstrated to improve erectile 
function in diabetic patients, hypertensive patients, post- 
transurethral resection of the prostrate patients, radical 
prostatectomy patients following radiation therapy for 
prostate cancer, geriatric patients, spinal cord injury patients, 
and patient’s suffering from depression. As many as 66-90% 
of patients with ED, secondary to brachytherapy or external 
beam radiation therapy for prostate cancer, have significant 
improvements in erectile function. 

The long-term efficacy of sildenafil has been shown 
in a 48-month, open-label, noncontrolled, flexible-dose 
study. One year following the initiation of therapy, efficacy 
and satisfaction continued to be significantly improved 
(Fig. 158.3). 

Safety concerns and adverse effects have been 
studied carefully. The most common adverse effects are 
headaches and upper gastrointestinal (GI) distress. These 


Fig. 158.3: PDE5 inhibitor, Viagra 


are not usually severe and are self-limited when the drug is 
stopped. Sildenafil is a mild inhibitor of phosphodiesterase 
type 6, which is found in the retina. This inhibition is 
manifested by a blue haze at the periphery of the field of 
vision but is not dangerous. Very few patients have stopped 
taking sildenafil because of this effect. 

The cardiac effects associated with sildenafil have been 
studied extensively. Sildenafil is absolutely contraindicated 
in patients taking nitrates such as nitroglycerin orisosorbide. 
This is because sildenafil, like the other PDE5 inhibitor 
medications, can potentiate the vasodilatory effects of 
the nitrate-based medication, resulting in an exaggerated 
vasodilatory effect that is potentially dangerous. Patients 
with serious cardiac disease, with exertional angina or 
taking multiple antihypertensive medications are advised 
to seek the advice ofa cardiologist before beginning therapy 
with sildenafil. A number of studies examining the cardiac 
effects of sildenafil have conclusively shown that no adverse 
consequences exist under normal circumstances." 

Sildenafil is available in three doses: 25 mg, 50 mg and 
100 mg. The starting dose depends on the clinical situation. 
Aman in his 5th decade of life with mild sexual dysfunction 
that is probably related to psychological factors can start 
on the 25 mg dose. Men with moderate-to-severe ED can 
begin at the 50 mg dose, and after testing the effect of 
the drug on at least three occasions (although 5-6 tries is 
recommended), the dose can be modified. Men with severe 
ED can start on the 100 mg dose; these men are not likely to 
achieve a satisfactory response, but they should make 3-4 
attempts before starting another form of therapy. 

Sildenafil should be taken on an empty stomach 
approximately 30-60 minutes prior to sexual intercourse. 
This agent is not intended to be taken daily. Sexual 
stimulation is necessary to produce an erection. An 
increased ability to obtain erections can last up to 24 hours 
but is usually limited to 6-8 hours. 

Patients who are refractory to sildenafil may benefit from 
vardenafil or tadalafil therapy. Ifnone of these is successful, 
combine the agent with an injection of prostaglandin E1. 
Gutierrez et al. demonstrated that this combination was 
more effective than either one alone.!8?1-23,28 
e Tadalafil: Tadalafil, licensed for the treatment of ED 

as of February 2003, is effective from 30 minutes after 
administration (Fig. 158.4), with peak efficacy after 
about 2 hours. Efficacy is maintained for up to 36 
hours and is not affected by food. It is administered 
in 10 and 20 mg doses. The recommended starting 
dose is 10 mg and should be adapted according to the 
patient’s response and side-effects. Adverse events are 
generally mild in nature, self-limited by continuous 
use. The drop-out rate due to adverse events is similar 
to placebo.” 
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~* Fe 


tadalafil 


Fig. 158.4: Another PDES inhibitor Cialis 


In premarketing studies, after 12 weeks of treatment 
and in a dose-response study, improved erections were 
reported by 67% and 81% of men taking 10 mg and 20 mg 
of tadalafil compared to 35% of men in the control placebo 
group. Tadalafil statistically improved patient scores in 
IIEF, sexual encounter profile 2 (SEP2), SEP3 and global 
assessment question (GAQ) and treatment satisfaction. 
These results were confirmed in postmarketing studies. 
Tadalafil also improved erections in difficult-to-treat 
subgroups. In diabetic patients, 64% reported improved 
erections (i.e. improved GAQ) versus 25% of patients in 
the control group and the change in the final score for 
IIEF-EF was 7.3 compared to 0.1 for placebo. 

Tadalafil also improved erections in difficult-to-treat 
subgroups. In diabetic patients, 64% reported improved 
erections (i.e. improved GAQ) versus 25% of patients in the 
control group and the change in the final score for IIEF-EF 
was 7.3 compared to 0.1 for placebo.'”!%?! 

e Vardenafil (Levitra): This agent, which is available in 5 
mg, 10 mg and 20 mg doses, became available in 2003. 
These lower doses are effective because this agent has a 
ninefold increase in selectivity for the specific receptor 
responsible for NO release in the penis. This agent can 
act within 20 minutes. Vardenafil has similar efficacy, 
side-effects and limitations as sildenafil but may be 
less bothered by food.'®” 


Choice or Preference between the Different PDE5 Inhibitor 


To date, no data are available from double- or triple- 
blind multicenter studies comparing the efficacy and/or 
patient preference for sildenafil, tadalafil and vardenafil. 
Choice of drug will depend on the frequency of intercourse 
(occasional use or regular therapy, 3-4 times weekly) 
and the patient’s personal experience. Patients need to 


know whether a drug is short- or long-acting, possible 
disadvantages and how to use it.” 


Safety Issues for PDE5 Inhibitors Cardiovascular Safety 


Clinical trial results and postmarketing data of sildenafil, 
tadalafil and vardenafil have demonstrated no increase 
in myocardial infarction rates in patients receiving 
PDE5 inhibitors, as part of either double-blind, placebo- 
controlled trials or open-label studies or compared to 
expected rates in age-matched male populations. Sildenafil 
does not alter cardiac contractility, cardiac output or 
myocardial oxygen consumption according to available 
evidence. Chronic or on-demand use is well tolerated 
with a similar safety profile. Coadministration of PDE5 
inhibitors with antihypertensive agents (angiotensin- 
converting enzyme inhibitors, angiotensin-receptor 
blockers, calcium blockers, beta-blockers, diuretics) may 
result in small additive drops in blood pressure, which 
are usually minor. In general, the adverse event profile 
of a PDE5 inhibitor is not made worse by a background 
of antihypertensive medication, even when the patient is 
taking several antihypertensive agents.”!>"° 


Contraindications of PDE5 Inhibitor 


Organic nitrates (e.g. nitroglycerine, isosorbide 
mononitrate, isosorbide dinitrate) and other nitrate 
preparations used to treat angina, as well as amy] nitrite or 
amyl nitrate (‘poppers’ used for recreation), are absolute 
contraindications with the use of PDE5 inhibitors. They 
result in cGMP accumulation and unpredictable falls 
in blood pressure and symptoms of hypotension. The 
duration of interaction between organic nitrates and PDE5 
inhibitors depends upon the PDE5 inhibitor and nitrate 
used.” 

e Apomorphine (Uprima): Apomorphine is a 
sublingual agent that is not approved by the US Food 
and Drug Administration (FDA). Apomorphine has 
a central effect on the hypothalamus. It is a D1/D2 
dopamine receptor agonist from the apomorphine 
(non-opiate) drug class. This agent has been shown 
to specifically activate c-Fos gene expression in 
the paraventricular and supraoptic nuclei of the 
hypothalamus in animal models. These areas are 
known to be involved with penile erections. 

The administration of apomorphine by subcutaneous, 
oral and intranasal routes results in variable effects on 
erectile function and moderate-to-severe adverse effects, 
primarily nausea, and vomiting. A slow-release sublingual 
formulation has demonstrated erectile enhancement 
benefits with a significant reduction in adverse effects. 
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Comparative studies clearly show that apomorphine is 
associated with significantly lower efficacy and satisfaction 
rates than sildenafil. The most significant strength of 
apomorphine is its safety profile. Even in premarketing 
studies, apomorphine significantly improves erectile 
function, intercourse and overall satisfaction domains of 
the IEF compared to placebo. Its use is limited to patients 
with mild-to-moderate ED or psychogenic causes of sexual 
dysfunction due to reduced efficacy rates. It may also be a 
first-line treatmentin patients with certain contraindications 
for the use of PDE5 inhibitors, e.g. nitrates. 73°? 


Other Oral Agents 


Yohimbine, Red Korean ginseng and several other drugs 
have been used in the treatment of ED with various 
mechanisms of action, but today there is no place for these 
drugs in the treatment of ED. 


Hormone Therapy 


In a young and confirmed hypogonadal patient the choice 
of androgen replacement may be appropriate. In older 
patients testosterone hormone therapy may speed up 
growth of an enlarged prostate or occult prostate cancer. 
Effectiveness of hormonal replacement therapy (HRT) in 
ED is disappointing, because of hepatotoxicity, oral form 
of HRT is not recommended. Continued therapy may 
make him exogenous testosterone dependent.” 


Vacuum Constriction Devices (Fig. 158.5) 


Vacuum constriction devices (VCD) provide passive 
engorgement of the corpora cavernosa together with a 
constrictor ring placed at the base of the penis to retain 
blood within the corpora. Thus, erections with these devices 


are not normal since they do not use physiological erection 
pathways. Efficacy, in terms of erections satisfactory for 
intercourse, is as high as 90% regardless of the cause of ED 
and satisfaction rates range between 27% and 94% (Box 
158.4). Men with a motivated, interested and understanding 
partner report the highest satisfaction rates. Long-term use 
of VCDs decreases to 50-64% after 2 years. Most men who 
discontinue use of VCDs do so within 3 months. 

The most common adverse events include pain, 
inability to ejaculate, petechiae, bruising and numbness, 
which occur in less than 30% of patients. Serious 
adverse events (skin necrosis) can be avoided if patients 
remove the constriction ring within 30 minutes. Vacuum 
constriction devices are contraindicated in patients 
with bleeding disorders or on anticoagulant therapy. 
Vacuum constriction devices are generally unacceptable 
to younger patients. They may be the treatment of choice 
in well-informed older patients with infrequent sexual 
intercourses and comorbidities requiring a noninvasive, 
drug-free management of ED. 


Second-Line Therapy (Injection Therapy) 


Patients not responding to oral drugs may be offered 
intracavernous injections. Success rate is high (85%). 
Intracavernous administration of vasoactive drugs was 
the first medical treatment for ED more than 20 years ago 
(Table 158.4). 

While many substances are touted as aphrodisiacs, the 
modern age of pharmacotherapy began in 1993 when the 
injection of papaverine, an alpha-receptor blocker that 
produces vasodilatation, was shown to produce erections 
when injected directly into the corpora cavernosa. 
Soon afterwards, other vasodilators, such as PGE] and 
phentolamine, were demonstrated to be effective either 
as single agents or in combination (Fig. 158.6). 


Fig. 158.5: Vacuum constriction devices with constricting band 


Fig. 158.6: Intracavernosal injection of vasoactive drug 
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Table 158.4: Intracavernous vasoconstrictor drugs 


Intracavernous (adrenergic agents) 
Vasoconstrictor drugs 


Phenylephrine 500 mg 


Epinephrine 20 mg 
Ephedrine 5 30 mg 


Box 158.4: Drugs can be used for intracavernosal 
pharmacotherapy 


Self-injection of these agents has been of enormous 
benefit because they represent the most effective way to 
achieve erections in a wide variety of men who otherwise 
would be unable to achieve adequately rigid erections. 

If the vasculature within the corpora cavernosa is 
healthy, the use of injectable agents is almost always 
effective. Patients need to be carefully instructed on 
how to perform the injections. The dosage is adjusted to 
achieve an erection with adequate rigidity for no more 
than 90 minutes. Up to 40 mcg of alprostadil can be used. 
An abnormal finding after biothesiometry testing has been 
suggested as an indicator of possible heightened sensitivity 
to intracavernosal injections, but this is unproven.” 

Alprostadil, a synthetic PGE1, is the most common single 
agent used for intracavernosal injections. When combined 
with papaverine and regitine, the mixture is called trimix and 
it has roughly twice the efficacy of alprostadil alone. In one 
study of 683 men, 94% reported having erections suitable for 
penetration after alprostadil injections. The main adverse 
effects are a painful erection, priapism, or the development 
of scarring at the site of the injection. Alprostadil is now 
available in a gel and a patch. No long-term studies compare 
the efficacy and acceptance of these new forms of therapy 
with that of the oral agents.**”° 


Third-Line Therapy (Penile Prosthesis) 


The surgical implantation of a penile prosthesis may 
be considered in patients who do not respond to 
pharmacotherapy (Box 158.4 and 158.5) or who prefer 
a permanent solution to their problem. Two types of 


Box 158.5: Contraindications of penile prosthesis 


prosthesis exist: (1) malleable (semirigid); and (2) 
inflatable (two- or three-piece). Most patients prefer the 
three-piece inflatable devices due to the more ‘natural’ 
erections obtained. However, the two-piece inflatable 
prosthesis can be a reliable option with fewer mechanical 
complications and is easier to implant (Box 158.6). 

Asemirigid prosthesis provides a constantly rigid penis 
and may be suitable in older patients with infrequent 
sexual intercourse. The inflatable prosthesis is much more 
expensive. In several countries, patients are reimbursed 
for the cost of the prosthesis provided the ED has an 
organic cause and the patient has undergone a complete 
impotence assessment. Prosthesis implantation has one 
of the highest satisfaction rates (70-87%) among treatment 
options for ED based on appropriate consultation.” 

Asmallnumber ofhealthy youngmen have developed ED 
as a result of trauma to the pelvic arteries. Revascularization 
procedures such as rotating the epigastric artery or even 
smaller vessels, into the corpora have been attempted. The 
long-term results have been marginal. 

Men who have difficulty maintaining erections as 
a result of venous leaks occasionally may benefit from 
a surgical procedure to eliminate much of the venous 
outflow. While initial enthusiasm for this and other 
surgical approaches was significant, this type of surgery 
has become rare because of a lack of long-term efficacy. 


Penile Implants 


In the past, the placement of prosthetic devices within the 
corpora was the only effective therapy for men with organic 
ED (Fig. 158.7). Now, this is the last option considered, 


Box 158.6: Indications of penile prosthesis 


Fig. 158.7: Shah's penile prosthesis 


Chapter 158 Erectile Dysfunction 


even though more than 90% of men with an implant would 
recommend the procedure to their friends and relatives. 

Implants are usually used for men in whom other 
therapies have failed or in those who require penile 
reconstructions. Men who have had a radical prostatectomy 
for prostate cancer and in whom a nerve-sparing procedure 
was not performed or was not successful often do not 
respond to oral PDES inhibitors, and these men are good 
candidates for an implant. The same is true for men 
treated with radiation therapy, although more of these 
men tend to respond to oral agents. Additionally, some 
patients experience increased sexual satisfaction with the 
combined use of an implant and an oral PD5 inhibitor. 

Before selecting this form of management, the patient 
and his sexual partner should be counseled regarding the 
benefits and risks of this procedure. 

Two types of devices are available: (1) a semirigid; and 
(2) amulticomponentinflatable system. With the semirigid 


Fig. 158.8: Inflatable penile prosthesis 


Fig. 158.9: Buckling of one cylinder of prosthesis 


prosthesis, two matching cylinders are implanted into the 
corpora cavernosa. These devices provide enough rigidity 
for penetration and rarely break. The major drawbacks 
are the cosmetic appearance of the penis, which remains 
semierect at all times, the need for surgery, and the 
destruction of the natural erectile mechanism when the 
prosthesis is implanted. 

The inflatable devices consist of two silastic or bioflex 
cylinders inserted into the corpora cavernosa, a pump 
placed in the scrotum to inflate the cylinders, and a 
reservoir that is contained either within the cylinders or in 
a separate reservoir placed beneath the fascia of the lower 
abdomen (Fig. 158.8). The inflatable prosthesis generally 
remains functional for 7-10 years before areplacement may 
be necessary. Improvements in these devices have resulted 
in a failure rate of less than 10%. Complications include 
infections in 2% of patients, erosion of the device through 
the urethra or skin in 2% of patients, and painful erections 
in 1% of patients. A newer antibiotic-coated device has 
further reduced the infection rate (Fig. 158.9).°°*° 


Side Effects and Complications of Penile Prosthesis 


The penis also may not be as firm as a natural erection. 
Semirigid models are stiff always. This type of prosthesis 
may offer some difficulties to conceal the penis during 
working time. Some models of inflatable prosthesis do 
not deflate easily; some degree of manual dexterity is 
required to operate any of the inflatable models, making 
them inappropriate for men with neurological disorders 
like Parkinson’s disease. The penis will not be completely 
flaccid, depending upon the model of prosthesis. Penis 
become short by 1-2 cm (.25 to .75 inches) in length and 
felt cold during sex activity. No couple report complete 
satisfaction with the prosthesis (Fig. 158.10). 


Fig. 158.10: Erosion of penile prosthesis 
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Some studies indicate a partner satisfaction rate of 


70% or less, due, some studies suggest, to heightened 
or unreasonable expectations. Both partners should 
be counseled preoperatively regarding outcome and 
expectations. It can be difficult to conceal a prosthesis 
because the scrotal components are hard and irregularly 
shaped. A partner feeling the scrotum will notice this. 
There is a 2-10% complication rate, mainly as a result 
of infection or device failure. Complications include: 
infection, bleeding, scar tissue formation, erosion, etc. 
leading to re-operation and removal.” 
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PRELUDE 


Rupin Shah 


No effective therapy was available for the treatment of 
erectile dysfunction (ED) before 1960. During the then 
time, ED was considered to be a psychiatric disorder with 
no or little surgical role.’ Currently, the pathophysiology 
of male sexual dysfunction has been understood and both 
medical and surgical treatments of ED are now reality and 
attained a state of art technology. 


HISTORY OF THE PROCEDURE 


The history of modern ED surgery began with the 
development of the inflatable penile prosthesis by Scott 
and Bradley in the early 1970s. This surgical treatment 
became the treatment of choice in men with significant 
organic ED.' Although the popularity of the inflatable 
penile prosthesis increased during that time, its design 
suffered from unacceptable failure rates and the need for 
surgical revision. Because of this, some urologists began 
using semirigid intracorporal devices to circumvent the 
reliability problems of early inflatables.** 

Today, penile prostheses have proven to be both 
reliable and durable, with approximately 20,000-30,000 
devices implanted annually worldwide. With new social 
awareness regarding ED, many experts believe that future 
device implantations will become more prevalent because 
of failing medical therapy.*** 


Malleable Rods [650/600M (AMS); 
Acu-Form (Mentor)] 


The American Medical Systems (AMS) models consist of 
a wire core surrounded by polyester covering and silicone 
outer jacket. Model 600 is available in 9.5 mm and 11.5 mm 
width sizes, and the model 650 is available in 11 mm and 
13 mm width sizes. Lengths range from 12-20 cm and can 
vary with tip extenders. 

The Mentor Acu-Form has a silver wire backbone with 
a silicone elastomer outer coat and is available in widths 


Penile Prosthesis 
Implantation 


of 9.5 mm, 11 mm, and 13 mm. Cylinder lengths range 
from 14-27 cm. This prosthesis is chosen for its simplicity 
of usage and durability due to fewer vital moving parts 
(Fig. 159.1).°” 


Shah's Penile Prosthesis 


Shah’s penile prosthesis was introduced in India to 
overcome the inhibitory price of the standard and classical 
penile prosthesis available in the market (Fig. 159.2). 

The Shah’s penile prosthesis is a solid silicone, 
semirigid, flexible implant for the management of ED. The 
penile implant is used in pairs. The implants are placed 
within the corpora cavernosa imparting stiffness sufficient 
for intercourse. Unique features of the Shah’s penile 
prosthesis are the presence of two removable sleeves to 


Fig. 159.2: Shah’s penile prosthesis 
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adjust the diameter (this helps minimize inventory) and 
availability of a 15 mm diameter implant (which helps 
ensure a good fit in a large penis). The Shah’s penile 
prosthesis is available in two models (Fig. 159.3): 
1. With hinge 
2. Without hinge 

Shah’s penile prosthesis with hinge has a flexible central 
area which acts as a hinge. This allows the penis to be bent 
for concealment when not in use. Due to the hinge the 
penis would need support at the time of entry. Once inside 
the vagina, intercourse can proceed without any hindrance. 
Shah’s penile prosthesis without hinge is a semirigid implant 
with uniform stiffness that is adequate for intercourse while 
being flexible enough to permit concealment. It can be 
trimmed from the proximal end so that a single implant can 
be adjusted to any penile length. It is easy to implant and 
most durable. It is better suited for shorter penises.*° 


Unitary Inflatable Penile Prosthesis 
[Dynaflex (AMS)] 


In 1990, the Dynaflex model was introduced as amore robust 
replacement of the Hydroflex. It is a paired cylinder with all 
operating components contained within each device and 
it consists of the distal tip, central chamber, and proximal 
reservoir. Rigidity is achieved by pumping 2-3 mL of liquid 
into the central chamber from the reservoir. Bending the 
cylinder 55° or more from horizontal operates a pressure 
switch to deflate the device and to return fluid back to the 
reservoir. These cylinders are available in two widths: (1) 11 
and 13 mm; and (2) various lengths (Fig. 159.4). 

This was a good attempt to allow for inflation and 
deflation in a self-contained unit; however, a patient witha 
broad penis usually has incomplete filling by the Dynaflex 
cylinders, and thus, may experience shifting and buckling 
of the device during intercourse. Some patients complain 
that it is difficult to inflate because of two separate distal 
pumps. In addition, this device is not suitable for patients 
with a history of distal urethral erosion because of pressure 
applied to tissue while the implant is operated. These 
prostheses should be considered for patients in whom 
reservoir implantation is difficult or contraindicated, such 
as those who have undergone pelvic exenteration.®®-8210-12 


Three-Piece Inflatable Devices [700 Series (AMS), 
Alpha 1 and Titan (Mentor)] 


These devices tend to be more complex and consist of 
two inflatable cylinders placed in the corporal bodies, a 
small pump that resides in the scrotum, and a large fluid 
reservoir located in the abdomen. Three-piece prostheses 
prove to be the most satisfactory devices because they 


Shah's penile prosthesis without hinge 


Soft tip Firm area Soft hinge area Medium firm area 


Shah’s penile prosthesis with hinge 
Fig. 159.3: Shah’s penile prosthesis with and without hinge 


Fig. 159.4: Dynaflex (American Medical System) 


produce the most natural-appearing phallus in both the 
inflated and deflated states, produce good rigidity (even for 
larger penises), and offer good flaccidity for social dress. In 
addition, the flaccid state of the three-piece allows removal 
of pressure against the corpora and tunica albuginea. Thus, 
patients with diabetes, previous implantation extrusion 
and previous infections may benefit from this type of 
inflatable device (Fig. 159.5). 

The AMS 700 series offers the Ultrex model, which 
allows for girth and distal expansion, while the CX imparts 
only girth expansion. The CX line is most applicable to 
patients with scar tissue or those with a tendency for penile 
curvature upon tumescence. A new innovation in this 
line includes the Inhibizone antibiotic surface treatment 
(rifampin and minocycline hydrochloride), which has 
been shown to decrease the incidence of infection by 
roughly half compared with uncoated devices (down to 
0.7% in one large study). 

The bioflex cylinders used in the Alpha 1 and Titan 
models from Mentor allow expansion in girth with minimal 
axial elongation (Fig. 159.6). These have proven to be very 
durable and resistant to cylinder aneurysm formation. 
The newer Titan model is identical to the Alpha 1, with the 
addition of a hydrophilic coating (polyvinylpyrrolidone), 
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Fig. 159.5: American Medical Systems (AMS) 700MS inflatable 
penile prosthesis 
Courtesy: American Medical Systems Inc., Minnetonka, MN, USA 


which decreases bacterial attachment and enables 
antibiotic absorption onto the implant when soaked in 
antibiotic solution prior to implantation. Preliminary data 
suggest a significant reduction in infection compared with 
the noncoated model. Both Mentor three-piece devices 
now come equipped with a reservoir lockout valve, which 
has been shown to decrease the risk of autoinflation.'* 


SELECTION OF PROSTHESIS 


Selection of the appropriate device for the individual 
patient is very important. Considerations include patient’s 
preference and underlying medical condition, surgeon’s 
preference, and cost of the device. From the view point of 
cost analysis semirigid Shah’s prosthesis is the cheapest 
and may be a good option for the people who can not 
afford the others. 

The advantages of the semirigid devices include easier 
placement, less dependence on patient manual dexterity, 
a smaller risk of mechanical failure, and lower cost. The 
disadvantages include higher risk for device erosion, less 
concealability and inability to change girth. The semirigid 
devices may suit patients who have dexterity problems 
such as those with severe arthritis and others with hand 
limitations that interfere with working a scrotal pump. 


The Ideal Penile Prosthesis 


The ideal penile prosthesis would result in a normal- 
appearing penis when flaccid and erect. Younger patients 


Fig. 159.6: Titan inflatable penile prosthesis 
Courtesy: Coloplast Corporation, Minneapolis, MN, USA. 


with good hand dexterity often choose the three-piece 
prothesis. This is especially important for those engaged in 
social settings, such as health club showers or who wear 
form-fitting clothes. However, prospective patients should 
be counseled that penile prostheses do not achieve the full 
length achieved by natural erections.* 


Indications of Penile Prosthesis Placement 


Penile prosthesis placement is indicated in a motivated 
patient with ED who desires reconstitution of penile 
function adequate for intercourse and in whom medical 
treatment has failed (PDE5 refractory cases). 

Patients with cavernosal scarring are also potential 
candidates for inflatable penile prosthesis, which offers not 
only a cure for their priapism but also a close approximation 
to normal appearance and function. Men with Peyronie’s 
disease, which is characterized by a fibrous scar of the 
tunica albuginea, who have penile curvature may benefit 
from an inflatable penile prosthesis. The hydraulic effect of 
the prosthesis can frequently overcome the scar and help 
greatly to straighten the penis for adequate intercourse. 
Surgeons can also place penile prostheses after excision 
and grafting of the Peyronie’s plaque.!””° 


Contraindications 


Penile prosthesis implantation should not be performed in 
the presence of any systemic, cutaneous or urinary tract 
infections. 
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Techniques of Penile Prosthesis Placement 


The criterion standard for erectile surgery is penile 
prosthesis implantation. However, in rare patients whose 
discrete and focal arterial lesion can be identified on 
arteriography, revascularization procedures may be 
indicated. Further considerations for optimizing outcome 
include selecting patients whose etiology is previous pelvic 
trauma and patients who are young, do not have diabetes, 
do not smoke and have no underlying neurologic disease. 

Many techniques for the placement of penile prosthesis 
exist, including infrapubic, penoscrotal, perineal and 
subcoronal approaches. The subcoronal approach is 
suitable only for implantation of semirigid devices. The 
perineal approach for implantation of semirigid prostheses 
is seldom used. Only the infrapubic and penoscrotal 
approaches are suitable for implantation of three-piece 
inflatable devices. The infrapubic approach has a distinct 
advantage over the scrotal approach in the ability to place 
the reservoir under direct vision. 

Preoperative preparation entails a detailed checklist of 
items. The patient should be free of infection in the urine, 
on the skin or elsewhere. Perioperatively, many infection 
control measures have been suggested, but few methods 
have been evaluated carefully in a randomized fashion. 

Some surgeons suggest that the patient shower with a 
surgical scrub the day before and the morning of surgery 
to decrease skin bacterial colony count. One hour prior to 
surgery, a wide-spectrum antibiotic such as ceftriaxone 
1 gm intravenous (IV) and gentamicin 80 mg IV, is 
administered. In the operating room, the patient can be 
anesthetized either with regional or general anesthesia. 
The authors prefer spinal or general anesthesia, although 
some do perform this procedure under local anesthesia, 
usually in patients at high risk for anesthetic complications. 

Under anesthesia, the patient is shaved at the surgical 
site and the hairs are removed from the field by one of 
the trusted team member. Absolute care should be taken 
to avoid skin injury. The patient is draped carefully in the 
standard surgical fashion. After draping, the surgical team 
changes their gloves and double gloves. 

A 16F caliber Foley catheter is inserted and capped 
with a catheter plug. The next step is to dissect over, 
identify and then avoid the corpus spongiosum by moving 
laterally to expose the corpora cavernosa on each side of 
the spongiosum. A small (1 cm) corporotomy incision 
on the corpora cavernosa is made after placement of 2-0 
vicryl (polyglactin) stay sutures as depicted in the image 
below. This exposes the corporal spongy tissues. A blunt 
Hegar dilator is used to dilate the spongy tissue of the 
corpus cavernosa from 8-14 mm proximally and 8-11 mm 
distally as depicted in the image below (Fig. 159.7).!?°° 


Fig. 159.7: Proximal dilation of corpora cavernosa with Hegar dilator 


Insertion of Semirigid Prosthesis 


Insertion of semirigid prosthesis is relatively simple. 
Following the dilatation of the corpora the semirigid 
prosthesis is measured and trimmed to appropriate size. 
The Shah’s prosthesis is presented with a few layer of outer 
sheath over an inner core of solid but malleable silicon rod. 
The outer sheath of the Shah’s prosthesis can be removed, if 
the diameter of the prosthesis seems greater than corporal 
internal diameter. This may be seen in Peyronie’s disease 
needing an insertion of penile prosthesis. Following the 
insertion of the semirigid prosthesis the penis will be 
erected. The corporal incision is closed with 3/0 monocryl 
sutures. The soft tissues and skin is approximated inn 
layers with 5/0 absorbable suture. 


Insertion of Inflatable Prosthesis 


Following the dilatation of the corpora the length of the 
corpora is measured and appropriate size of the inflatable 
prosthesis is selected. The cylinder and pump is checked 
for integrity and all air is removed by infusing sodium 
chloride solution and then back-suctioning to collapse the 
cylinders. The proximal cylinder is placed now gently into 
the proximal cavernosal body and seated down into its 
position next to the pubic bone (Fig. 159.8). 

The distal half of the cylinder is brought through the 
distal corporal body with an inserter. This instrument 
passes a needle through the glans penis and is designed 
to avoid the urethra. The needle is removed, and the 
accompanying thread is used to pull the cylinder snugly 
against the distal glans. 
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Fig. 159.8: Seating of the proximal portion of the prosthesis 
into the corpus 


The corporal bodies (corporotomies) are closed using 
2-0 braided polyglactin suture. Now the tubing from the 
cylinders is visible coming from inside the corpora and 
connected to the control pump. 

The abdominal reservoir can be placed by tunneling 
from the scrotal area via the external inguinal ring, through 
the transversalis fascia to place the reservoir into the 
retropubic space. Once there, the reservoir is filled to the 
correct volume (60-100 mL); then, the tubing is brought to 
the pump, trimmed to length and connected to the pump. 
The prosthesis is tested for inflation, deflation and leaks. 
It is left in a semirigid state to help tamponade potential 
bleeding and hold the tissue in the correct shape. 

The pump must now be inserted in a scrotal subdartos 
pouch as depicted in the image below. Using blunt 
dissection, a subdartos space is created in the anterior 
dependent area of the scrotum, and the pump is placed 
there for ease of location and usage. Some have used a 
nasal speculum to help with this dissection. 

All bleeding points are secured. The scrotal/dartos 
fascia is closed in two layers with medium polyglactin 
(vicryl) sutures and the skin is closed with a running 
subcuticular fine dissolvable suture. Then, the patient is 
cleaned, the potentially irritating iodine paint is washed 
away, and the Foley catheter is connected to a dependent 
drainage bag.*'*?! 


Postoperative Care 


Next morning the Foley catheter is removed, the prosthesis 
is partially deflated, and the patient is discharged home 


with a follow-up visit in the office for further instructions 
and oral antibiotics for approximately 14 days. 


Follow-up 


The patient is instructed to refrain from sexual activity for 
6 weeks. Following 6-8 weeks they may proceed for sexual 
work. The patient should be instructed to use KY Gel 
and the people on inflatable penile prosthesis may need 
instruction to use the device safely and more effectively. 


Complications 


Urethral perforation is a possible complication and this 
injury is usually recognized intraoperatively by blood 
in the urine, blood at the meatal tip, and irrigation 
fluid. Glans bowing can occur when the prosthesis is 
inadequately sized. This ventral deflection of the glans 
is commonly called the “concorde deformity” after the 
concorde supersonic transport aircraft. 

After the prosthesis is placed, patients may experience 
modest penile shortening in the range of about 2 cm. This 
must be discussed with the patient and partner prior to any 
surgical intervention. An average infection rate ranges from 
2 to 4%. Overall, reoperation rate for mechanical failure is 
about 5% for the life of the prosthesis (5-10 years). Corporal 
crossover due to the thinness of the distal corporal septum 
that divides the corporal bodies can occur. 

Erosion of penile prosthesis is a rare but important 
complication seen in semirigid type of prosthesis may or 
may not be associated with infection. Removal of a single 
prosthetic may be sufficient. The left over single semirigid 
rod may provide adequate rigidity for the sexual function.” 


Outcome and Prognosis 


Multicenter studies show similar satisfaction rates, ranging 
from 69 to 89%. With steady improvements regarding 
prosthesis material and construction, long-term survival 
of the modern implants shows promise.”** 


CONCLUSION 


In the era of multiple treatment options for ED, penile 
prosthesis implantation will be required for a small 
percentage of men with this disorder. However, because 
of the attractiveness of some of these therapies, especially 
oral systemic therapies and because of expanded public 
awareness, many more men are presenting for treatment 
of ED and the number of men who will ultimately 
undergo penile prosthesis implantation may increase 
significantly.°*16"5 
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PRELUDE 


Rupin Shah 


Ejaculatory dysfunction (EjD) is one of the most common 
male sexual disorders. The wide spectrum of EjD ranges 
from premature or delayed ejaculation (DE), to a complete 
inability to ejaculate—otherwise known as anejaculation. 
The EjD also may include retrograde ejaculation (RE) and 
painful ejaculation. Conventional algorithms for managing 
ejaculatory disorders are based either on an organic or 
psychogenic etiology, with the latter more traditionally 
considered the main cause.'’ 

The most common disorder is premature ejaculation 
(PE), with prevalence rates of 30-40%,?° DE affects 4% of 
sexually active men.° Retrograde ejaculation occurs in 75% 
of men after transurethral resection of prostate (TURP) and 
to a lesser extent after bladder neck incision, because the 
bladder neck fails to close due to imperfect closure of the 
bladder neck following such intervention.® The men are on 
alpha-receptor blockers for benign prostatic hyperplasia 
(BPH), bladder neck obstruction etc. may suffer from the 
same problem due to the side-effect of the drugs. 


MECHANISM OF EJACULATION 


Ejaculation comprises two phases: sympathetically 
mediated emission of seminal fluid into the posterior 
urethra, followed by somatically mediated true ejaculation 
with expulsion of the ejaculate. The reflex is initiated by 
stimulation of Krause-Finger corpuscles in the mucosa 
of the glans penis and occurs as soon as a certain level of 
excitation is achieved. The sensory information is then 
transmitted via the dorsal nerve of the penis (S4) to the 
lumbosacral spinal cord, and is joined by sympathetic 
afferents from the hypogastric plexus. Travelling up the 
spinal cord (and joined by visual, auditory and olfactory 
cerebral afferents) the impulses are integrated into the 
complex pattern of copulatory behavior by forebrain 
structures that include the medial preoptic area and the 
paraventricular nucleus of the hypothalamus. 


Ejaculatory Disorders 


The understanding of the neurotransmission in the 
hypothalamus has now advanced the medical treatment 
of ejaculatory disorders. Based on animal studies, 
dopamine has been shown to stimulate ejaculation,® 
whereas serotonin (5-hydroxytryptamine, HT) inhibits 
it. Furthermore, 16 5-HT receptor subtypes have been 
identified, with a balance between the facilitatory 5-HT1A 
and inhibitory 5-HT2C receptors being necessary.'°" 

Nitric oxide also mediates the inhibitory neuro- 
transmission responsible for seminal emission.” The 
efferent limb of the reflex, responsible for emission, 
consists of sympathetic efferent fibers (T10-L2) that 
traverse over the pelvic brim via the hypogastric nerves to 
the pelvic plexus. From here, the fibers pass to and cause, 
sequential contraction of the epididymis, vas deferens, 
seminal vesicle and prostate, with closure of the bladder 
neck. 

True ejaculation is then initiated somatically from 
the sacral spinal cord (S2-S4) via the pudendal nerve, 
causing rhythmic contractions of the bulbospongiosus 
and bulbocavernosus muscles, which force the ejaculate 
through the distal urethra. 


CLASSIFICATION AND ETIOLOGY 


There are several ways in which the ejaculatory process 
can become dysfunctional, leading to a partial or complete 
loss of ejaculation. These may be of either psychogenic or 
organic origin and several drugs are also implicated. 


Classification of Ejaculatory Disorders 


e Premature ejaculation; inability to control ejaculation 
for a ‘desired’ length of time before penetration 

e Delayed ejaculation; abnormal stimulation is necessary 
to achieve orgasm with ejaculation 

e Retrograde ejaculation; total absence of antegrade 
ejaculation as semen passes backward into bladder 

e Anejaculation; complete absence of antegrade or RE 


Chapter 160 Ejaculatory Disorders 


e Anorgasmia (primary or secondary); the inability to 
reach orgasm 

e Aspermia; absent genital tract contraction 

e Hemospermia 

e Low volume ejaculate 

e Painful ejaculation 

e Lack of pleasure (anhedonia). 


Premature Ejaculation 


There have previously been two official definitions of PE, 
neither of which was universally accepted: 

Premature ejaculation is defined as a ‘persistent or 
recurrent ejaculation with minimal sexual stimulation 
before, on or shortly after penetration and before the 
person wishes it. The clinician must take into account 
factors that affect duration of the excitement phase, such 
as age, novelty of the sexual partner or situation, and 
recent frequency of sexual activity’ 


Classifications of premature ejaculation: Premature 
ejaculation is classified as ‘lifelong’ (primary) or ‘acquired’ 
(secondary)." 

e Lifelong PE is characterized by onset from the 
first sexual experience, remains so during life and 
ejaculation occurs too fast (before vaginal penetration 
or < 1-2 min after). 

e Acquired PE is characterized by a gradual or sudden 
onset following normal ejaculation experiences before 
onset and time to ejaculation is short (usually not as 
short as in lifelong PE). 


Causes of premature ejaculation: The cause of PE is 
considered psychological, although this has not been 
definitively confirmed. 

e Primary premature ejaculation: In patients with 
primary PE, in which the male has never experienced 
sexual relations without also experiencing PE, a deep- 
seated emotional disturbance may be present and the 
causes may be multiple. Sometimes, the behavior is a 
conditioned response resulting from teen masturbation 
practices but sometimes, the patient has deep anxiety 
about sex that relates to one or more traumatic 
experiences encountered during development. 
Examples may include family incest, sexual assault, 
conflict with one or both parents or other serious 
disturbances. In most cases, a primary care physician ora 
urologist should consult with a psychiatrist, psychologist 
or other professional in cases of primary PE. 

e Secondary premature ejaculation: With regard to 
secondary PE, some type of performance anxiety is 


often a major factor. Performance pressure (i.e. fear 
of failure to satisfy the partner) can arise from various 
precipitating events. Erectile dysfunction (ED) is a 
common precipitating event. If the male is afraid his 
erection will not last, because of either actual instances 
of previous ED or imagined failure of his erection, this 
may precipitate PE. The patient may have used the 
phrase, “Honey, you excited me so much I just could 
not hold back,” which might be a way for him to avoid 
admitting to the humiliation of being unable to keep 
his erection throughout intercourse. If he climaxes 
quickly, he then has an excuse to justify his inability to 
maintain his erection.'*”6 
e Mechanism of premature ejaculation: Excessive 
stimulation of the ejaculatory center in the 
hypothalamus is usually of cortical origin, caused 
by over-excitement or anxiety. The recommended 
definition of PE is an ejaculation that occurs within 
1 minute after vaginal penetration or experiencing 
ejaculation that occurs too early for partner satisfaction 
in at least half of attempts at intercourse. 
Treatment of premature ejaculation: It involves the 
following points. 
e Relieve any underlying performance pressure on the 
male 
e The couple should then be instructed on sexual 
therapy, such as the stop-start or squeeze-pause 
technique popularized by Masters and Johnson" 
— The female partner should slowly begin stimulation 
of the male and should stop as soon as he senses 
a feeling of excessive excitement that may lead to 
ejaculatory inevitability 
— Then, she should administer a firm compression 
of the penis just behind the glans, pressing mainly 
under the penis. This should be uncomfortable but 
not painful 
— Stimulation then should begin again after the 
male has a feeling that the ejaculation is no longer 
imminent 
— The process should be repeated and practiced at 
least 10 or more times. 
— Gradually, most males find this technique helps 
decrease the impending inevitable need to ejaculate 
— After a period of practicing this method, the couple 
can sit facing each other, with the woman’s legs 
crossing on top of the male’s legs. She can stimulate 
him by manipulating his penis close to, then with 
friction against, her vulval area. Each time he 
senses excessive excitement, she can apply the 
squeeze and stop all stimulation until he calms 
down enough for the process to be repeated 
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— Finally, coitus may be attempted, with the female 
partner in the superior position so that she may 
withdraw immediately and again apply a squeeze 
to remove his urge to climax 

— Most couples find this technique to be highly 
successful. It can also help the female partner to be 
more aroused and can shorten her time to climax 
because it constitutes a form of extended foreplay 
in many cases.” 

e Use of desensitizing cream for the male. Combinations 
of lidocaine cream or related topical anesthetic agents 
can be used with similar effects and they are safe as 
long as the patient has no history of allergy. 

e The most effective pharmacologic modality found to 
aid men with PE is a drug from the selective serotonin 
reuptake inhibitors (SSRIs) class, drugs which are used 
normally as antidepressants in the clinical setting. 

— Some tricyclic antidepressants with SSRI-like 
activity yield the same result 

— As a side-effect, many of these agents have been 
found to cause a significant delay in reaching 
orgasm in both male and female patients 

— For this reason, medications with SSRI side effects 
have been used in men who experience PE. 

e Premature ejaculation that relates to ED may resolve, 
if ED is treated successfully. Drugs for the treatment 
of ED include sildenafil (Viagra), vardenafil (Levitra), 
tadalafil (Cialis), alprostadil (Caverject, Muse), and 
possibly, SSRI antidepressants (if depression is causing 
the ED). Details on drugs for the treatment of ED are 
included in the article on impotence.” 


Aspermia 


Aspermia is diagnosed in orgasmic patients who have no 
sperm in their urine sample afterward. In most cases, it 
results from several organic causes related to damage to 
the sympathetic nerve supply. This is particularly relevant 
in patients having retroperitoneal lymph node dissections 
for germ cell tumors, aortoiliac surgery and rectal 
excision, where the hypogastric nerves can be damaged 
as they traverse the pelvic brim. Lumbar sympathectomy 
and radical pelvic surgery are also common iatrogenic 
causes. Patients with autonomic neuropathy, usually 
from diabetes and other neurological conditions, e.g. 
multiple sclerosis and spinal injury, may also present 
because they have neurogenic loss of contraction of the 
epididymis, vas deferens, seminal vesicles and prostate. 
Treatment is indicated only to restore fertility via use of a 
vibrator, electroejaculator or conventional sperm retrieval 
techniques. 


Retrograde Ejaculation 


Patients are orgasmic with anejaculation, as there is 
failure of the bladder neck to close during ejaculation, 
resulting in RE. Retrograde ejaculation can be congenital, 
e.g. exstrophy, imperforate anus or more commonly, 
acquired after TURP and bladder neck incision in 80% 
and 35% of men, respectively.** Reports suggest that laser 
prostatectomy may result in less RE (1 of 16 potent men 
after contact laser prostatectomy vs. 13 of 16 after TURP).*° 

Other common causes include diabetic autonomic 
neuropathy, damage to the sympathetic nerves during 
pelvic and anterior spinal surgery,*® presenting with an 
isolated incompetent bladder neck, and various drugs. 
Ejaculatory disorder in association with the treatment of 
BPH is common, at up to 30% with tamsulosin” (although 
not documented as RE or anejaculation) but less so with 
other uroselective a-blockers (some with no noticeable 
adverse ejaculatory events). 

The diagnosis of RE is confirmed by the presence of 
spermatozoa and fructose in a urine sample after orgasm, 
and supplemented by TRUS confirmation of an open 
bladder neckat rest. Medical treatmentis aimed, primarily, 
at stimulating the alpha-receptors of the bladder neck in 
the hope that it will contract and close. Adrenergic drugs 
or tricyclic antidepressants with nor adrenaline re-uptake 
blocking action are the current drugs of choice. Climaxing 
with a full bladder is not beneficial, and the use of 
bladder neck bulking agents such as Macroplastique and 
polytetrafluoroethylene (PTFE) has been only marginally 
successful in patients with no bladder neck scarring from 
previous surgery. 


Painful Ejaculation 


This isan uncommon problem that may have psychological 
or organic causes, e.g. acute or chronic prostatitis. In an 
Internet survey of 163 men with a history of prostatitis, 
69% reported pain before or after ejaculation.” 
Conventional treatment of the prostatitis, particularly if 
acute, is indicated, but relapses are common. Some causes 
of ejaculatory duct obstruction, inflammation or stones 
that cause pain and or hemospermia can be managed by 
endoscopic resection. 


Low Volume Ejaculation 


This is an unusual complaint and is mainly assessed 
during the management of infertility. A volume of less 
than 1 mL is significant for investigation. As seminal 
fluid formation is androgen-dependent, a deficiency 
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resulting from hypogonadal states or antiandrogen drugs, 
may present with low volume or occasionally, absent 
ejaculate. Urethral strictures, ejaculatory duct obstruction, 
congenital anomalies of the seminal vesicles. 


Hemospermia 


Patients are often concerned when blood is noticed in 
their semen, but it is usually benign cause of the urogenital 
tract is likely. A screen for sexually transmitted disease, 
genitourinary tuberculosis (GUTB) and prostate cancer 
is mandatory work-up.” In the older man, the incidence 
of prostatic carcinoma detected with this presentation is 
1-3% 40-42 


CONCLUSION 


Understanding of the ejaculatory process is greatly 
advanced, with both psychogenic and organic origins now 
being explored. Careful evaluation of EjD is recommended 
to establish the cause. Both pharmacological and 
nonpharmacological interventions are successful in 
treating EjD, and allow for management in the community. 
However, itisimportant to use a dual-managementstrategy 
covering pharmacological and other approaches.”*”° 

Etiological treatments of underlying pathologies should 
be discussed with patients and offered as first-line therapies. 
SSRIs and topical anesthetic creams can provide good 
efficacy in treating PE, even if a clear understanding of the 
etiology of lifelong PE is lacking. Sperm retrieval techniques 
should be considered for patients with anejaculation or RE 
who have associated infertility problems.° 
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Elective urinary diversion 869 
Electroejaculation 1097 
Electrohydraulic lithotripter 659 
Electrolyte abnormalities and uric acid 

metabolism 907 
Electrolytic effects 288 


Electromagnetic spectrum 243f 
Electromyography 424 
Electropneumatic lithotripter RBST 659f 
Electrosurgical generator 284f 
Ellik’s bladder evacuator 657f 
Elmiron 222,502 See sodium pentosan 
polysulfate 
Embryonic stem cell 268f 
lines 266 
Emergency 
department care 130 
urology 113 
Emphysematous 
cystitis 207 
pyelonephritis 184, 206 
Empty scrotum 355 
Enal transplant surgical infectious 
complications 938 
Endocrine 
abnormalities 1101 
erectile dysfunction 1108 
Endogenous production 545 
Endometriosis 121, 557 
Endoscopic assessment 725 See bladder tumor 
Endoscopic 
bladder biopsy 758f 
enucleation of prostate 591 
evaluation 377 
images, system and 648 
incision 531 
injection of bulking material to treat vesico 
ureteric reflux 339f 
intracorporeal lithotripsy 
complications 788 
intrarenal instrumentation 576 
light cable 653f 
management of invasive lesions 731 
Endourological treatment procedures 202 
End-stage renal disease 913, 928, 944 
management of 915 
requiring transplant, causes of 928 
Energy sources in urinary stone 
management 785 
Enterobacteriaceae 169 
Enucleation 250 See also laser resection 
Enucleation of prostate with end firing 
fiber 249f 
Enuresis 36 
Epididymal 
pain 35 
pain 81 See also testicular 
Epididymis 43, 97, 218, 1073 
Epididymitis 197, 197f 
treatment of 425 
Epispadias 326, 327f 
associated anomalies 327 
classification 327 
female 327 
male 327 
in adult 328 
in childhood 328 


management 328 
results of reconstruction 328 
Epoetin alfa 917 
Epstein-Barr virus infections 923 
Equipment for upper tract 657 
Erectile dysfunction 21, 1105, 1106, 1109 
Doppler study for evaluation of 83 
etiology of 1108 
evaluation of 1110, 1112 
management of 1112 
neurogenic, causes of 1109 
postoperative 859 
risk factor of 1105 
treatment of 1112 
options for 1112 
vasculogenic, causes of 1109 
work-up of 1108 
Erection, physiology of 1107 
Erythromycin 947 
Erythroplasia of queyrat 1061, 1062 
Escherichia coli 119, 169, 179, 194, 900 
Escherichia coli 170f See coliform bacteria 
Ethical issues, circumcision 673 
Ethylene 
diaminetetraacetic acid 101 
oxide 662 
Everolimus 967 
Evident microwave ablation system 294 
Examination of bladder 42 
Excision with primary anastomosis, 
prognosis of 859 
Excretory urogram of patient with 
indiana pouch 764f 
Existing OT in old hospitals, 
disadvantages of 282 
Exiting abdomen 807 
Expectant medical therapy 148 
Expressed prostatic secretion 194 
Exstrophy epispadias, abnormalities in 328 
Extended prostate biopsy 701f 
External 
genitalia, development of 375 
radiotherapy, complications of 1032 
Extracorporeal shock wave lithotripsy 124, 
202, 550, 559, 560, 563, 566, 734, 
and patient care, techniques of 564 
biological effects of 550 
contraindications of 550 
history of 16 
in progress 562f 
indications of 562 


Extract of red chili 431 See pharmacotherapy 


capsaicin 
Extraperitoneal 
bladder ruptures 147 
extravasation 148 
incontinence 37 
rupture 147, 147f 
ruptures 148 
Extravasation of blood or urine 152 
Eyes, physical examination of 904 


Index 


F 


False positive serum prostatic acid 

phosphatase, causes of 55 
Faradic 

effects 288 

stimulation of pelvic floor muscles 416 
Fascial interposition with hemoclip 707f 
Fate of untreated hyper-reflexic bladder 436 
Female 

phenotype 376 


pseudohermaphroditism 376 See female 


phenotype 

sexual dysfunction 41, 881 
causes of 41 
history of 21 
management of 21 
types of 41 


urethra and distal sphincter mechanism 845 


urethral catheterization 641 
complications 642 
equipment 641 
urethral injuries 154 
urology 469 
Feminizing surgery 
clitororeduction 379 
esthetic refinements 379 
Fenoldopam 909 
Fetal 
hydronephrosis 537f 
lower urinary tract obstruction 537 
cause of 537 
diagnosis and prognostic criteria 537 
management 538 
pregnancy termination 538 
vesicoamniotic shunt 538 
therapy, techniques of 538 
treatment 
contraindications for 538 
indications for 538 
urinary 
diversion procedures 538 
parameters 538 
vesicocentesis 537 
Fever 921 
Fiber optic light system 655f 
Fibroma 88 
Filtration of blood occurs in renal corpuscle 
between Bowman’s capsule and 
glomerulus 304f 
Final 
hemostasis 713 
stage of urethroplasty 390f, 391f 
Fine needle aspiration cystology 959, 1046 
in testicular cancer 749 
First-line 
systemic chemotherapy 1036 
treatment of erectile dysfunction 1112 
Fistula 
after repair 890 


closure, principles of 888 
location of 883 
of urinary diversion 890 
etiology 890 
management 890 
type of 883 
Fitness for anesthesia and trauma of surgery 710 
Flaccid 
neuropathic bladder, management of 407 
type of neuropathic bladder 406 
etiology of 406 
Flagyl 208 See metronidazole 
Flank pain, differential diagnoses of 118, 556 
Flatter valve 874 
Flexible cystoscope 654, 655f 
advantages of 655 
disadvantages of 655 
principle of 654 
Flomax 404 See tamsulosin hydrochloride 
Flow 
distortion 83 
pattern within vessel 82 
Fluorescence in situ hybridization 995 
Fluoroquinolones 515 
Fluoroscopic image during percutaneous 
nephrolithotomy 574f 
Focus on outcome from sepsis 191 
Foley’s catheter 9f, 127, 127f, 160, 298, 505, 
627, 628, 628f, 764 
Follicle-stimulating hormone 56 
Forceps guided method 369 
Forensic identification of semen 54 
Formal renal arteriography, 
complications of 90t 
Formaldehyde vapor 661 
Fosrenol 917 See lanthanum carbonate 
Fractured penis 157f 
Free graft repair 853 
prognosis of 859 
Freehand method 369 
French calibration 652 
Frequency of urine 36 
Frequently ureteropelvic junction 120 
Fuhrman 
grade 960 
nuclear grading system 960 
Fulguration of bladder tumor 730 
indication of 730 
Full-thickness skin graft 853 
Fungal bezoars 119 
Furadantin 176 See nitrofurantoin 
Furosemide 718 
Future of gene therapy 241 


G 


Gadolinium excretory MR urography 98 
Gamete intrafallopian transfer 1103 
Gamma 

camera machine 102f 

knife 238 
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Gamma-glutamyl transpeptidase 1046 
Gas 
insufflator 803f 
sterilization 661 
Gastrocystoplasty 864 
Gastrointestinal 
anastomosis stapler 760 
difficulty 920 
stapling device for orthotopic bladder 
reconstruction 864f 
symptoms 913 
of nausea 904 
of urologic diseases 35 
tract 793 
Gender assignment 378 
Gene 
therapeutic 
strategies 239 
vectors, specificity of 240 
therapy 
in urology, application of 239 
technique of transferring coding 
DNA 239f 
Genetics of intersex 375 
Genetourinary 
tuberculosis 
bladder 218 
kidney 217 
tuberculosis ureter 217 
Genital 
herpes simplex 215 
reconstruction 378 
tract into common urogenital sinus 378f 
warts 254 
Genitofemoral nerve 140 
Genitogram confluence of urethra 378f 
Genitourinary 
infection 167 
signs and symptoms of 33 
tract 
applied anatomy of 301 
trauma, causes of lower 142 
tuberculosis 217, 219 
clinical presentation of 218 
etiopathogenesis 217 
investigations for 218 
Gentle traction on bladder neck 714 
Germ cell tumor 1042 
of testes 1043f 
Gerota’s fascia 924 
Giant condyloma acuminata 1061 
Gibbon catheters 629 
Glanular epispadias 327 
Gleason grading and pattern of prostate cancer 
tissue 1024, 1024f 
Glomerular 
diseases 899 
filtration rate 52, 101, 898, 913 
measurement of 101 
Glomerulation of bladder consistent with 
interstitial cystitis 222f, 502f 
Glomerulonephritis 899 
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Glomerulus 897f 
Glucose 49 
Glycine solutions 664 
Goal for neurogenic shock treatment plan 445 
Goal-directed therapy 190 
Gomco clamp 371 
parts of 371f 
Gonadal dysgenesis 376 
Gonadectomy, masculinizing surgery 379 
Gonadotropin-releasing hormone 1019 
Gonads, development of 375 
Gonococcal urethritis 207 
treatment 207 
Gonorrhea 213 
diagnosis 213 
treatment 213 
Gracilis muscle flap 490 
Graft dysfunction 937 
investigations of 937 
Gram-negative 
bacilli on light microscopy 49f 
diplococci 198 
Gram-positive cocci on light microscopy 50f 
Granular casts 905 
eosinophilic cytoplasm 951 
Granuloma inguinale 214 
Granulomatous disease 883, 1090 
Greenish metallic sheen 170 
Gross 
filling defect in bladder 757f 
inspection of urine 48 
Gunshot injury 145 
Gynecologic trauma 146 
Gynecological causes of flank pain 557 
Gynecomastia 40 


H 


Haemophilus 
ducreyi 212,214 
species 156 
Hairless scrotal island flap 856 
Hairy urethra 
early complications 394 
late complications 394 
Hand-assisted laparoscopic 
nephrectomy 813, 815 
surgery 805, 806f, 811 
principle of 806f 
techniques 942 
Hand-assisted retroperitoneoscopic donor 
nephrectomy 926 
Harmonic scalpel 292, 292f 
Hasson’s technique 795 
Headache 921 
Heard’s acoustic bladder sound 7f 
Heat-killed uropathogen vaginal suppository 
vaccines 205 
Hemangioma 88 
Hematogenous 980 
Hematological abnormalities 906 
Hematoma 75, 157 


Hematospermia 40 See blood in ejaculation 
Hematospermia, causes of 40 
Hematuria 38, 39, 528, 533 
causes of 38 
classification of 39 
Hemodynamic changes in phases of erection 
and detumescence 1107t 
Hemolytic uremic syndrome 899, 900 
Hemorrhage 128 
Hemospermia 1129 
Hemostasis 714 
Hernias 82 
Herpes 
simplex virus promoter 241 
zoster 119 
Hexaminolevulinate 998 
Hiccups 913 
High frequency electrosurgical apparatus 284 
High level of urinary potassium 501 
High parathyroid hormone 914 
High precision radiotherapy in renal cell 
carcinoma, role of 228 
High-frequency current 287 
High-intensity focused ultrasound 1035f 
ablation 263 
energy therapy 594, 595f 
Hippel-Lindau disease 620 
Hippocratic oath 5 
Histocompatible tissues nuclear 
transplantation, generation of 275 
Histologic findings of renal cell carcinoma 960 
Histoplasma capsulatum 194 
Hockey stick incision 933 
Holding area 278 
Holmium laser 249f, 251, 252, 977f 
enucleation 591 
of prostate 591 
lithotripsy 
advantages of 252 
disadvantages of 252 
Holmium yttrium-aluminum-garnet laser 
disintegrating urinary stone 786f 
Hormonal 
analysis 1092 
studies in urine 55 
therapy 357 
Hormone 
replacement therapy 603 
resistant prostate cancer 1036 
therapy 1115 
masculinizing surgery 379 
Horse antithymocyte globulin 921 
Human 
chorionic gonadotropin 56, 748 
embryonic stem cells 268f 
erythropoietins 917 
leukocyte antigen 519 
tubal fluid 1097 
Hydrocele 43, 359 
diagnosis 359 
exploration of 360f 
treatment 359 


Hydrogel encapsulated Foley’s catheters 629 
Hydronephrosis 425 
of left kidney detected by ultrasound 512f 
Hydronephrotic kidney 174f 
specimen of 510f 
Hyper 
acute rejection 936 
aldosteronism, primary 612, 613 
calciuria, causes of 546 
chloremic acidosis 879 See metabolic 
complications 
echoic tumors 79 
kalemia 907 
nephromas 75 
osmolar sodium chloride 718 
reflexic 
bladder from myelomeningocele 420 
bladder with reduced capacity 437 
causes of 434 
Hypertension 135 
symptoms of 622f 
Hypertensive crisis 620 
Hypocontractile detrusor function 465 
Hypoechoic 
lesion in prostate on transrectal 
ultrasound 699f 
tumors 79 
Hyponatremia 907 
Hypo-osmotic swelling 1093 
Hyporeflexic 
bladder, causes of 406 
characteristics of 406 
Hypospadias 383, 637 
classification system of 383, 383f 
diagnosis 384 
differential diagnosis of 384 
medical care, treatment of 384 
pathophysiology of 382 
patients with multiple failures 394 
repair of 382, 384 
complications of 393 
early complications 393 
early complications 
edema 393 
infection 393 
meatal stenosis 393 
late complications 393 
techniques of 385 
steps of repair of 385 
surgery, masculinizing surgery 379 
surgical care, treatment of 384 
treatment of 384 
Hypotension 129, 921 
Hypothalamic-pituitary-gonadal 1081 
Hypovolemia 899 
Hytrin 404 See terazosin 


Iatrogenic injuries of ureter 137 
Idiopathic 
causes 1090 


Index 


stone formation 545 
Ileal 
conduit 762, 871, 873f, 1008, 1009 
interposition graft 140 
reservoirs 875 
Ileocecal valve 874 
Ileocystoplasty 863 
surgical procedure for 864 
Image-guided 
intensity modulated radiation therapy 1031 
tumor ablation modalities 261 
Imipramine 404 
Immunodeficiency syndrome 212 
acquired 215 
Immunosuppression 
drugs, side effects of 934t 
in renal transplantation 920 
Immunosuppressive 
agents 934 
primary 922 
drugs 934 
Immunotherapy, contraindications of 650 
Impotence, types of 1108 
Imuran 935 See azathioprine 
Invitro fertilization 1103 
Incidental renal tumor 965 
Incision 
of endopelvic fascia 771 
on vagina prior to placement of 
tension-free vaginal tape 479f 
Incomplete 
bladder emptying 584 
injuries of ureter 138 
Incontinence 
classification of 37, 412 
history 414 
pathophysiology of 411 
Incontinent 
cutaneous urinary diversion 762 
diversion 1009 See ileal conduit 
urinary diversion 869 
Increased prostate specific antigen, causes of 54 
Indiana pouch 1009 
Indiana pouch 763 See continent urinary 
diversions 
cecum, construction of 764f 
Induced pluripotent stem cells 267 
Induction room 278 
Indwelling catheter 202 
Infarcted testicle 81 
Infection 
and malignancy issues 923 
encountered in urological practice, 
types of 201 
stones 546 
Infectious stones 202 
Inferior mesenteric artery 783 
Infertility 
cause of 1100 
halassemia, causes of 1087 
idiopathic hypogonadotropic 
hypogonadism, causes of 1087 
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pituitary disorder, causes of 1087 
prolactinoma, causes of 1087 
Inflammation 111 
Inflatable penile prosthesis 1117f 
Inflatable penile prosthesis for erectile 
dysfunction 21f 
Influencing 
graft function, factors of 939 
therapeutic effect, factors of 288 
Inguinal testis 356 
Injection 
botox 595f 
therapy 1115 See second-line therapy 
Injuries 
of penis 156 
ofurethra 144 
to genitourinary tract 130 
Innervation of sphincter 402 
Inotropic therapy 190 
Insemination, artificial 1097 
Insertion of 
inflatable prosthesis 1123 
sharp dissecting forceps 707f 
Inspection, abdominal 796 
Instrument for stone management 659 
Instrumentation for 
developing extraperitoneal space 796 
morcellation 798 
specimen entrapment and removal 798 
Insulated electrode 290, 290f 
Insulin growth factor 909 
Intensity modulated radiation therapy 1031 
Interactive telemedicine services 
teleradiology 271 
teleurology 272 
Intercellular adhesion molecules 909 
Interferon-alpha, combined with 968 
Interleukin-2 and interferon, combinations 
of 969 
Intermediate-prognosis nonseminoma 1056 
Intermittent 
catheterization 407, 666 
self-catheterization 
of female 408f 667f 
of male 409f, 667f 
portable set 408f 
self-start therapy 175 
Internal 
ducts, development of 375 
sphincter 402 
urethrotomy 858 
International prostate symptom score 585¢, 600 
index 584, 599 
Interposition flaps or grafts 489 
Interstitial 
cystitis 221, 501, 861 
diagnosis 501 
management 502 
symptoms 221, 501 
laser coagulation 250 
mast cell infiltration 501 
nephritis 899, 905 


Intervention, principle of 516 
Intestinal 
absorption 545, 546 
obstruction 61, 866 
Intra-abdominal testis 356 
Intracavernosal 
injection of vasoactive drug 1115f 
self injections for erectile dysfunction 21f 
Intracavernous vasoconstrictor drugs 1116¢ 
Intracellular calcium 901 
Intracorporeal lithotripsy 566, 568, 659, 785 
complications 568 
postoperative care 567 
prognosis 568 
Intractable hematuria, management of 644 
Intracytoplasmic sperm injection 1098, 1103 
technique of 1103f 
Intraoperative use of ultrasound 72 
Intraperitoneal 
bladder rupture 146, 148 
rupture 147f, 148 
Intravenous urogram 117, 132, 184, 530, 555, 
778, 996 
advantages of 65, 555 
contraindications of 58 
disadvantages of 556 
of patient with ureteric injury 138f 
Intravenous urography 64, 65, 115, 132, 513, 
549, 870 
of obstructed megaureter 513f 
Intravesical 
chemotherapy 297, 650 
and immunotherapy, principles 
of 297, 650 
contraindications of 650 
indications of 297, 650 
immunotherapy 297, 650, 1003 
interferon alpha 1004 
therapy, pre-requisite for 650 
Intussusception 61 
Iodinated contrast media 59 
Irrigation fluid for turp 721 
Ischemic injury of bladder wall, causes 883 
Isoechoic tumors 79 
Isolated follicle-stimulating hormone 
deficiency 1087 
Isolated luteinizing hormone deficiency 1087 
Isotonic dextrose solution 664 


J 


Jack-knife position 488 
Jacques 629 
J-stents 631 See pigtail stents 


K 


Kartagener syndrome 1085 

Karyotype analysis 378 

Kayexalate 916 See sodium polystyrene 
sulfonate 

Kegel exercises 429 
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Kelly’s female cystourethroscope 11f 
Ketoconazole 618, 947 
Kidney 61, 241, 302, 534, 795 
air within 63 
blood supply 302 
calyceal system 302 
changes in 510 
development of 301 
disease 
autosomal 
dominant polycystic 309 
recessive polycystic 309 
diagnosis, autosomal recessive 
polycystic 309 
genetics, autosomal dominant 
polycystic 310 
management, autosomal 
dominant polycystic 310 
recessive polycystic 309 
pathology, autosomal 
dominant polycystic 309 
recessive polycystic 309 
prognosis, autosomal 
dominant polycystic 310 
recessive polycystic 309 
enlargement of 
both 63 
one 63 
histology 303 
histology nephron 303 
invading cortical tissue 823f 
macroscopic anatomy 302 
management of 516 
mesonephros, development of 301 
metanephrogenic cap, development of 301 
pain 34 
pathology 218 See also renal 
perirenal fascia 302 
pronephros, development of 301 
sarcoma of 954 
stone 543f, 549 
in renal calyx 544f 
transplant, history of 928 
tumors 120, 227 
preoperative radiotherapy 227 
treatment options 227 
ureter 510 
ureteric bud, development of 302 
venous drainage 303 
Klebsiella 179, 881 
Klinefelter syndrome 1088 
Kocks nipple valve 874 
Kollman’s urethral dilator 843 
Kollman-type urethral dilator 843f 


L 


Laboratory test for urological work-up 47 
Lactic acid dehydrogenase 1046 

Lactobacillus species vaginal suppositories 205 
Lanthanum carbonate 917 

Lap donor nephrectomy, history of 941 


Laparoendoscopic single-site surgery 734 
Laparoscopic 
adrenalectomy 612, 809, 811f 
complications 811 
techniques of 809 
cystoprostatectomy 791f 
with urinary diversion 790 
technique for 790 
donor 
nephrectomy 932, 932f, 942f 
operation 931f 
hand instruments 797 
instrumentation 807 
nephrectomy 964 
approaches for 813 
positioning for 813 
techniques for 814 
nephron sparing surgery 817 
nephroureterectomy 821 
technique of 817, 821 
orchidopexy 838 
techniques of 839 
partial nephrectomy 817 
pyeloplasty 320, 779, 779f, 827, 828f 
complications 829 
radical cystectomy 762f 
in female 792 
radical nephrectomy 813 
organ retrieval 964f 
radical prostatectomy 1029 
removal of adrenal gland 809 
retroperitoneal 
lymph node dissection 782 
lymphadenectomy in progress 783f 
retropubic suspension 478 
surgery 
complications of 798 
single port access for 805f 
technique in urology, evolution of 794 
ureterolithotomy 737, 739, 739f 
urological surgery 800 
physiology 801 
varicocelectomy 754 
video instrumentation and cart 806, 806f 
Laparoscopy 
history of 800 
in urologic surgery, history of 12 
Large renal cell carcinoma 963f 
Large-caliber resectoscope 788 
Laser 
ablation 263 
applications in urology 249 
CO, laser, types of 246 
components of 244f 
in laparoscopy 255 
in penile cancer, application of 1065 
in ureteric stone flexible ureteroscopes, 
application of 690f 
in urology 243 
history 243 
introduction 243 
induced stone disintegration 660 


lithotripsy 16, 566, 785, 787f 
on prostate, effect of 593f 
photocoagulation 977 
prostatectomy 
advantages of 251 
disadvantages of 251 
indications of 251 
resection 250 
ruby, types of 246 
system, components of 244 
tissue interaction 245 
types of 246 
unit for treatment of benign prostatic 
hyperplasia 593f 
Late complications stricture 394 
Latent syphilis 213 
Lateral pedicles 773 
Laughing 37 
Laurence-Moon-Biedl syndrome 1087 
Lawson position 488 
Lax abdominal wall in prune belly syndrome 332f 
Layers of tunica vaginalis 1073 
Leak point pressure, abdominal 415 
Leakage from around nephrostomy tube 578 
Left 
ureteropelvic junction obstruction 515f 
urinary tract 509f 
varicocele, classical 361f 
ventricular function 914 
Leg bags 639f 
Length of undescended testis 839 
Leukemia 1055 
Leukocyte esterase 180 
Leukopenia difficulty 920 
Levitra 1114 See vardenafil 
Light imaging view of CIS 688f 
Lightening 281 
Lipoma 88 
Listeria species 947 
Lithium triborate laser 248 See also 
potassium-titanyl phosphate 
Liver 61 
disease 901 
function test 189t, 757, 766 
status 1047 
Lobe resection 713 
Local and referred pain 33 
Local anesthesia 699 
Local metastasis radical nephrectomy 746f 
Localized prostate cancer, treatment 
options in 231 
Longitudinal section through pelvis 472f 
Long-term indwelling catheters 639 
Low 
power gleasons score 700f 
pressure continuous flow resectoscope 656 
temperature 261 
cryoablation 261, 262 
radiofrequency ablation 261 
volume ejaculation 1128 
Low-dose long-term antimicrobial 
prophylaxis 175 


Index 


Lower genitourinary tract 142 
trauma 142 
pathophysiology of 142 
Lower 
half of kidney 963f 
polar tumor in right kidney 817f 
ureteral stone 738 
ureterolithotomy, open 737 
urinary tract 587 
contrast study of 64 
obstruction, management of 516 
permanent diversion 868 
symptoms 35, 35t, 599 
differential diagnosis of 710t 
epidemiology 599 
in men 599 
in women 597, 602 
investigation of 710 
management of 601 
temporary diversion 868 
trauma, management of 144, 148 
Lumbar approach to kidney 302f 
Luteinizing-hormone-releasing hormone 1019 
Lymph node 
dissection 835 
in retroperitonium, distribution of 782f 
status 993 
Lymphadenectomy 760, 1065, 1065f 
completed 1065f 
with radical prostatectomy 1030 
Lymphatic fluid 38 
Lymphocyte reaction 929 
Lymphogranuloma venereum 214 
Lymphoma 88, 1060 See also carcinoma 


Macrophage-stimulating lymphokine 933 
Magnetic resonance 
imaging, history of 18 
urography 97 
Male 
bladder 686f 
factor 
testing 1100 
treatment of 1102 
genital organs, anatomy of 1073f 
infertility 1081, 1082f 1093f, 1096f, 1098f 
acute 1084 
causes of 1086 
epididymis 1086 
hypothalamus and dysfunction, 
causes of 1086 
medical history 1084 
pathophysiology of 1081 
peripheral organs 1088 
physical examination for 1085 
rectal examination 1086 
respiratory disease 1085 
sexual history 1084 
spermatic cord 1086 


treatment 1094 
antisperm antibodies 1095 
endocrinopathies 1094 
lifestyle 1095 
medical care 1094 
retrograde ejaculation 1095 
semen processing 1095 
vasovasostomy 1095 
vas deferens 1086 
patient with severe pelvic trauma 153f 
phenotype 376 
pseudohermaphroditism 376 See male 
phenotype 
sexual dysfunction 
history of 21 
management of 21 
urethra, anatomy of 843 
urethral catheterization 633 
urinary tract prostate gland 583f 
urogenital system, anatomical sketch of 150f 
Malecot catheter 631, 631f 
for suprapubic catheterization 9f 
Malignant 
cell on urine cytology 51f 
neoplasm of prostate 1022 
urethelial tumors 980 
Mammalian stem cells 267f 
Marshall staging system 992 
of bladder cancer 993f 
Marshall-Bonney test 473 
Marshall-Marchetti-Krantz 
colposuspension 477 
operation 471 
Martius’ flap 490 
Mass in loin 39 
Mathieu’s procedure 387 See perimeatal 
based flap 
Mauermayer stone punch 659 
Mayo scoring system for RCC 970t 
Meatal stricture 849 
Meatoplasty 849 
Mechanical lithotripsy 785 
Medical renal disease 76 
Medroxyprogesterone acetate 524 
Megacystis-Megaureter syndrome 335 
Megaloblastic anemia 866 
Membrane 364 See also posterior urethral 
valves 
Membranous urethra 844 
Mercaptotriglycylglycine 870 
Metabolic 
abnormalities 544 
acidosis 907 
complications 866, 879 
derangements 866 
evaluation for stone disease, 
indications for 552 
Metaiodobenzylguanidine iodine-131 111 
Metallic bougie 704f 
Metastatic 
bladder cancer 1012 
disease 1012 
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disease 97, 966, 993, 1045 
prostatic cancer 1033 
renal cell 
cancer, management of 966 
carcinoma, surgery for 966 
tumor 971 
Methenamine hippurate 205 
Methods of circumcision 369 
Metronidazole 208 
Metyrapone 618 
Micropenis 381 
treatment 381 
Microscopic hematuria 38 
Microsurgical varicocelectomy 753 
Microwave ablation 263 
system 295 
Microwave thermotherapy 594f 
principles of 594f 
Micturating cystourethrogram 66 See also 
voiding cystourethrogram 
Micturating 
cystourethrogram 67f 
urethrogram 365f 
Micturition 
control of 428, 403f 
cycle 403 
Mid ureteral stone 738 
Middle 
hypospadias, classification 383 
ureterolithotomy 737 
Midstream urine 47 
Milestone of urology 1 
Milky white urine effluxing from left ureteral 
orifice 183f 
Miniarc tape 482f 
Miniature percutaneous access 574 
Minimally invasive surgery 800 
Minipress 404 
Mitomycin C 978 
Mitotane 618 
Mitrofanoff’s principles 874 
Modern operation theater 279f 
Modified bladder neck incision 721 
Mohs micrographic surgery 1064 
Molecular 
marker for urothelial cancer 975 
prognostic markers 1028 
Monilia 208 See Candida vaginitis 
Monitoring nocturnal tumescence with 
rigiscan 1111f 
Monoclonal antibody 935 
Monoclonal 
anti-CD20 antibody 922 
anti-CD25 antibody 922 
Monopolar diathermy 286f 
Monosodium urate 197 
Morbidity 957 
of inguinal lymphadenectomy 1066 
Mortality 957 
Most common bladder cancer 991 
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Mostofi grading system 1024 
Motion mode ultrasound 69 
Motor 
innervation of bladder 402 
urge incontinence 416 
vehicle accident 142 
MR urography, applications of 98 
MRI, advantages of 97 
Mucosal biopsy, indications for 729 
Miillerian 
inhibitory factor 375 
structures, excision of 379 
Multicystic disease 75 
Multicystic dysplastic kidney 306 
abdominal mass, management of 307 
etiology 306 
genetics 307 
hypertension, management of 308 
incidence 307 
malignancy, management of 308 
management of 307 
nonoperative management of 308 
pathology 307 
postnatal evaluation 307 
renal ultrasound 307 
vesicoureteric reflux 307 
prenatal ultrasound 307 
surgery of 308 
Multifocal transitional cell carcinoma 515f 
Multikinase inhibitors 967 
Multilocular renal cyst 310 
Multiple bladder 
cancer 1000f 
stone 548f 
Multiple organ failure 900 
Multistage urethroplasty with oral mucosa 
graft 854 
Mumps orchitis 210 
treatment 210 
Mundy’s analysis 859 
Muromonab-CD3 921, 922 
Muscle 
invasive tumor 230 
pain 119 
Muscle-invasive 
bladder cancer 990 
disease, management of 1006 
Mycobacterium tuberculosis 169, 181, 181f, 
194, 217 
Mycofenolate mofetil, cellcept 935 
Mycophenolate 928 
acid 921 
mofetil 524 
Mycoplasma hominis 213 
Myelolipoma 609 
Myelomeningocele 418, 418f 419f 
causes 418 
classification 419 
management 419 
symptoms 418 
Myocardial infarction 905 
Myopathic bladder 126 


N 


N-acetylcysteine 909 
Narcotics 122, 557 
Narrow band imaging 688 
Natriuretic peptides 909 
Nausea 913 
Needle 
inserted into kidney 572f 
removed with guidewire in kidney 572f 
Neisseria gonorrhea 207, 212 
Nelaton catheters 629 See also Jacques 
Neoadjuvant 
chemotherapy 1012 
hormone therapy and brachytherapy 1033 
Neobladder 1009 
Neodymium:yttrium-aluminum-garnet laser 246 
Neonatal hemorrhage 899 
Neovascularization 274 
Nephrectomy 
for live donor 931 
laparoscopy, complications of 798 
Nephritic syndrome with hematuria 903 
Nephroblastoma 75 See Wilms’ tumor 
Nephrogenic systemic fibrosis 915 
Nephrolithotripsy with flexible 
ureteroscopes 787f 
Nephron 895f 
outline of 303f 
sparing surgery 817, 963, 970 
open 963f 
Nephroscope 658 
in percutaneous nephrolithotomy 574f 
Nephrostography 515 
Nephrostomy 631 
catheter drainage 572, 572f 
tube 202,516 
Nephrotoxicity 59 
Nephroureterectomy 532 
open 821 
Nerve cell 268f 
Nerve-sparing radical 
cystectomy 761 
prostatectomy 772 
Nesbit Tuck procedure 1078 
Neuroblastoma 609, 613 
Neurogenic 
bladder 36 
patients 344 
erectile dysfunction 1108 
shock 445 
Neurologic signs of uremia 905 
Neuromodulation or bladder pacemaker 432 
Neuropathic bladder 127, 421 
anticholinergic drugs 438 
bladder pacemaker 439 
botulinum toxin 438 
causes of 415, 415t 
classification of 342, 422 
bladder abnormality 342, 343 
different combinations 342 
complications of 425 


definition 342 
diagnosis of 422, 423 
differential diagnosis of 424 
in children 342 
in spinal injury, management of 443 
management 343, 437 
augmentation cystoplasty 343 
medical therapy 343 
of bowel incontinence 343 
urinary tract infection 343 
neurostimulation 438 
pathophysiology of 421 
signs 435 
symptoms 435 
treatment of 427 
type of 434 
Neuropathic disorder 179 
Neurourology 397 
Neutral electrode 289 
Neutrophil activation and intracellular 
adhesion molecules 902 
Nexavar 967 See sorafenib 
Nicardipine 947 
Nifedipine 122 
Nitric oxide 902, 1107 
synthase 902 
Nitrofurantoin 176, 515 
Nitrogenous waste products in blood 906 
No scalpel method 705 
Nocturnal enuresis 346, 413 
definition 346 
diagnosis 346 
treatment 346, 347 
desmopressin 346 
imipramine 347 
Nocturnal penile tumescence 1111 
with simple postage stamp 1111f 
Nonbacterial prostatitis 209 
treatment 209 
Noncontinent urinary diversion, principles of 870 
Noncontrast helical computed tomography 116 
Nondeflating urethral catheter, 
management of 639 
Nondisposable trocar for laparoscopy 804f 
Nonepithelial carcinomas 976 
Nongonococcal urethritis 208, 212, 213 
diagnosis 213 
treatment 208, 213 
Non-Hodgkin’s lymphoma 955 
Nonionic contrast media 59 
Nonmuscle invasive 
transitional cell carcinoma bladder 1005 
bladder cancer 1005 
Nonmyeloablative allogeneic stem-cell 
transplantation 969 
Nonpalpable inguinal lymph nodes 1066 
Nonpalpable testis 357, 794 
Nonseminomatous germ cell tumors 750 
Nonsteroidal anti-inflammatory drug 119, 
122, 549, 557, 899 
Nontransitional cell carcinoma 975 
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adenocarcinoma 975 
mixed carcinoma 976 
squamous cell carcinoma 976 
undifferentiated carcinomas 976 
Norfloxacin 205 
Normal 
calcification on plain kub 62 
detrusor contractility 465 
urothelium 974, 974f 
No-scalpel vasectomy 705 
Notable people with bladder stones 7 
Novel 
markers of acute kidney injury 907 
therapies 190 
activated protein c 190 
vasopressin 191 
Nuclear imaging 513 
of urinary tract, indications of 103 
Nuclear 
matrix protein 975 
medicine in genitourinary tract 101 
renal scan 530 See diuretic nuclear 
renography 
renal scans 117,555 
scan 870 
Nutritional complications 879 
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Obstetric trauma 146 
Obstructing megaureter 
complications, primary 536 
pathophysiology, primary 533 
Obstructive 
megaureter, primary 533 
nephropathy, pathophysiology of 509 
voiding symptoms 528 
Obtaining pneumoperitoneum 803 
Obturator nerve excitation and muscle spasm 731 
Oliguria 37, 936 
or anuria following renal transplantation 936 
Omental flap 490 
Onlay graft orientation 855 
Open radical 
nephrectomy, techniques of 744 
retropubic prostatectomy 1029 
Open 
reconstructive techniques, complication 
of 858 
suprapubic cystostomy 681 
technique of retroperitoneal lymph node 
dissection 782 
ureterolithotomy 739 
urological operations with bowel segment 203 
Operating theater complex 277 
types of 279 
Operation 
rooms 
doors 279 
electric point 280 
operation table 280 
walls 280 
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theater complex 
aseptic, zones of 278 
clean zone 278 
different zones of 277 
disposal zone 278 
protective zone 277 
Operative urology 671 
Opioids 122, 557 
Optical internal urethrostomy, complications 
of 848 
Optical 
internal urethrotomy 848 
lithotrite 659 
urethrotome 657f, 658f, 848f 
Oral mucosa 
graft 853f, 855 
membrane 852f 
graft urethroplasty 859 
Orandi procedure 850 
Orchidectomy 1046 
Orchidopexy 
advantages of 357 
masculinizing surgery 379 
Orchiectomy specimen oftesticular cancer 1042f 
Orchitis 197, 197f, 210 
Organ dysfunction, clinical and laboratory 
markers of 189t 
Organic erectile dysfunction 1108 
Orthopedic trauma 146 
Orthoplasty for chordee 386 
Orthostatic hypotension 405 
Orthotopic bladder 863/f, 865f, 881 
Orthotopic bladder 881 See also urinary 
diversion, prognosis of 
construction 765f, 1010f 
in progress 878f 
principle of 864f 
reconstruction is completed 765f, 878f 
Orthotopic neobladder 764, 861, 877 
Orthotopic neobladder 861 See substitution 
cystoplasty 
Otis urethrotome 660, 704f 
Ovarian 
cyst rupture or torsion 121, 557 
reserve testing 1101 
vein syndrome 121 
Overactive bladder 
management fluid 429 
pathophysiology 428 
surgical options for 431 
Overactive detrusor function 465 
Overall renal function 575 
Overflow incontinence 413 
Ovulatory dysfunction, treatment of 1102 
Ovulatory function testing 1101 
Oxalate 55, 547 
Oxybutynin 403 


P 


Pacemaker of ureter 304 
Pad test 423, 473 
incontinence physical examination 414 


Pain of urinary tract 34t 
Painful 
bladder syndrome 221 
ejaculation 1128 
hematuria 39 
Painless hematuria 39 
Palpable testis 357 
Papillary necrosis 119 
Paraphimosis 373, 373f 
Paraphimosis 
manual reduction 373 
difficulties with 676 
Parastomal hernia 880f 
Parathyroid hormones 56 
Parkinson’s disease 269, 421 
Partial 
adrenalectomy 612 
injuries of ureter 138 
laparoscopic nephrectomy 965 
nephrectomy 314 
thromboplastin time, activated 645 
ureterectomy 531 
Passing resectoscope 712 
Passive 
cutting working element 655 
sphincter 874 
Pasteurella multocida 163 
Patch urethroplasty of fossa navicularis 849 
Patent urachus 330, 330f 
Patent urachus 
diagnosis 330 
treatment 330 
Pathogenic organisms 179 
Patients with 
cystoplasty 867 
pacemaker 290 
phimosis, circumcision for 674 
Pediatric urology 299 
Pedicled skin flaps 855 
prognosis of 859 
Pefloxacin 205 
Pelvic 
examination in female 44 
floor muscle training 602 
fracture urethral distraction defects of 
urethra, management of 856 
incontinence physical examination 414 
inflammatory disease 121, 557 
lymphadenectomy 761f, 1007, 1007f 
in progress 761f 
surgery 1107 
Pelvis 
air within 63 
computed tomography scan of 143 
of female bladder 399f 
Pelviureteric junction obstruction 514f 
Penectomy 1065f 
Penetrating bladder injury 148 
Penetrating injury of penis 160 
complications and outcome of 160 
management of 160 
Penetrating trauma 145, 151 
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Penile 

amputation 158 
complications of 159 
management of 159 

angiogram 1111 

biothesiometry 1111 

cancer 1058, 1059, 1064f 
complications 1067 
effects on sexuality 1059 
etiology 1060 
involving glans 1058f 
pathology 1060 
prevention of 1067 
problem 1059 
staging of 1063 
treatment 1059, 1063 
treatment surgical therapy 1063 

carcinoma 254 

epispadias 327 

fracture 
complications of 158 
outcome of 158 
signs and symptoms of 157 
treatment of 157 

implants 1116 

injuries 156 

malignant tumor 1060 
melanoma 1060 
metastatic 1060 

nerves function 1111 

pain 35 

prosthesis 1116 See third-line therapy 

prosthesis 1122 
complications of 1117 
contraindications of 1116 
erosion of 1117f 
implantation 1120 
indications of 1116 
insertion 1078 
placement, techniques of 1123 

reimplantation, prognosis of 159 

skin 160 

soft tissue injury 160 
management of 160 


urethral stricture, treatment options of 850 


zipper injury 677 
complications 677 
management 677 

Penis 42, 97, 241, 794, 1086 

applied anatomy of 1059 

by metallic ring 160 

by nonmetallic ring 160 

size of 40 

with rice mill belt injury, accidental 
amputation of 158f 

Penopubic epispadias 327 
Percutaneous 
ablation, complications of 263 


core biopsy in evaluation of renal mass 959 


coronary intervention 909 
cystostomy set 128f 
endopyeloplasty 572, 574 


endopyelotomy stent 573f 
endourological procedure 570-572 
complications 577 
diagnostic indications of 571 
postoperative care 577 
relevant anatomy 570 
treatment 576, 577 
minimally invasive technique 965 
nephrolithotomy 551, 574, 574f 
complications of 551 
indications of 551 
nephrolithotripsy 658, 785, 788f 
nephroscope 658 
nephrostomy 123, 124f, 558, 887 
radiofrequency ablation 965 
renal biopsy induced renal injury 135 
suprapubic 
catheterization 128 
tube, contraindications of 128 
treatment of 
genitourinary cancer 259 
renal stones, indications of 577 
Perforation of 
bladder tumor 731 
intestine 61 
Peri-intercourse prophylaxis 175 
Perimeatal-based flap 387 
Perinatal hemorrhage 899 
Perineal 
approach 79 
biopsy 194 
of prostate 194f 
Perinephric abscess 185, 206 
diagnosis 185, 206 
treatment 185, 206 
Perioperative antibacterial prophylaxis in 
urology 200 
Peripheral nerve 406 
injury 422 
Permanent urethral stent 857, 857f, 859 
complication of 858 
Persons test 222, 502 potassium test 
Peyronie's disease 1076, 1076f 
causes of 1077 
complications 1079 
pathophysiology 1076 
treatment 1077 
medical care 1077, 1078 
Phalloplasty, masculinizing surgery 379 
Pharmacologic modification of neuropathic 
bladder 446 
Pharmacotherapy 
capsaicin 431 
darifenacin 430 
intravesical oxybutynin 430 
oxybutynin 430 
solifenacin 430 
Phases of spinal shock 443 
Phenazopyridine 884 
Phenoxybenzamine 405 
Pheochromocytoma 609, 610f, 612, 619 
cardiovascular morbidity 619 


diagnosis of 622 
diagnostic criteria of 609 
history 620 
micrograph of 623f 
neurologic complications 619 
pathophysiology 619 
preoperative management of 610 
symptoms of 620 
treatment 623 
Phimosis 368 
diagnosis 368 
treatment 368 
Phosphate binders, oral 916 
Phosphocreatine to creatine, conversion of 52 
Phospholipases and integrins 902 
Photodynamic therapy 253 
Photothermal effect 252 
Phymosis, management of 675f 
Pigtail 
catheter 9f 
stents 631 
Pituitary adrenocortico-tropic hormone 607 
Plain 
kub in acute ureteric colic, current status of 63 
urethral catheter 9f 
of live donor nephrectomy 942f 
Plaque excision and grafting 1078 
Plasma 
adrenocorticotropic hormone level 616 
androgen levels 617 
cortisol by dexamethasone 616 
kinetic enucleation of prostate 591 
sterilization 662, 662f 
technology, principle of 662 
Plastibell method 369 
Plastic foley’s catheter 628, 628f 
Pleuritis and pneumonia 119 
Pluck technique modifications 822 
Pneumatic lithotripsy 566 
Pneumaturia 38 
Pneumocystis carinii 938 
Pneumoperitoneum 795, 924 
Pneumothorax, complications of 578 
Pocket ultrasound machine 71f 
Polyclonal antibodies 921 
Polycystic kidney disease 309 
Poor 
compliance of bladder 862 
visibility 715 
Poorly functioning kidney, management of 321 
Port placement for 
laparoscopic donor nephrectomy 942f 
left-sided adrenalectomy 810f 
retroperitoneoscopic donor 
nephrectomy 924f 
Portable pneumatic lithotriptor 660f 
Positive air pressure system in OT 281 
Positron emission tomography 108 
Postanesthetic care unit 278 
Postchemotherapy retroperitoneal lymph 
node dissection 783 
Postcoital test 1092 
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Posterior hypospadias 
adjacent skin flaps 387 
classification 383 
techniques for 387 
vascularized flaps 388 
Posterior urethral 
injuries 153 
membrane 365f 
valve 182f, 183f 
ormembrane 364 
valves 254 See bladder neck incision 
classification of 364 
in boys 36 
management of 365 
work-up of 365 
Postmenopausal women 204 
Postmicturition dribble 414 
Postobstructive diuresis 128 
Post-prostatectomy incontinence 718 
causes of 719 
investigations of 417 
management of 416 
Postradiotherapy cystitis 861 
Postrenal causes 900 
Post-testicular causes of infertility 1090 
Post-transplant 
infections 938 
lymphoproliferative disease 923 
malignancy 939 
renal function 937 
Post-transurethral resection of prostate 
incontinence, investigation of 719 
Postvasectomy success rates 707 
Postvoid 
milking 602 
residual 423 
urine 587 
Potassium 
chloride solution 718 
protocol 222, 502 
test 222, 502 
titanyl phosphate 248 
laser 250 
Practical urology 625 
Prader-Willi syndrome 1087 
Prazosin 404 
Precautions with ciprofloxacin 176 
Preemptive radical cystectomy 1006 
Pregnancy with stone 124 
Pregnant women 204 
Preimplantation genetic diagnosis 1104 
Premalignant penile lesions 1061 
Premature ejaculation 1126, 1127 
causes of 1127 
classifications of 1127 
mechanism of 1127 
primary 1127 
treatment of 1127 
Premenopausal women 204 
Prenatal 
hormone therapy 1044 
from established acute kidney injury, 
differentiation of 906 
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Pressure-perfusion study 530 
Pretesticular causes of infertility 1086 
Primary 
detrusor instability, treatment of 416, 417 
hyperaldosteronism 610 
Primitive 
cystometry 449f 
operating theater 277f 
Pro-banthine 404 See propantheline 
Problems in interpreting CT scan 87 
Procalcitonin potential marker of sepsis 189 
Prognosis of UTO 517 
Prolactin-secreting adenoma 1087 
Prolapsed stoma 880f 
Propantheline 404 
Proper drainage system 280 
Prophylactic antibiotics 710 
Prophylaxis continuous 205 
Prostate 62, 241, 794 
and disease pattern, zonal anatomy of 711 
biopsy 1026 
adenocarcinoma 1026f 
baseline biopsy 1026 
saturation biopsy 1027 
technique 699 
templates 700 
cancer 78, 96, 111, 231f, 1019, 1022 
by stage, history of 1020 
cases 1027 
complications of 1037 
diet, etiology of 1021 
disease, history of 1020 
etiology of 1020 
genetics, etiology of 1020 
hematuria, complications of 1037 
history of 1019 
hormones, etiology of 1021 
in core needle biopsy 700f 
local symptoms, etiology of 1022 
locally advanced 1033 
management of 1028 
metastatic symptoms, etiology of 1022 
pathophysiology of 1022 
race, etiology of 1021 
retention of urine, complications of 1037 
screening of 1022 
spread 1032f 
staging of 1025f 
treatment of 16 
coil 96f 
gland 399 
anatomy of 1020 
transitional cell cancer 730 
hyperoxaluria, post-transurethral 
resection of 718 
needle biopsy 699 
core specimen 701f 
specific agent 
density 54 
in prostate cancer, uses of 54 
velocity 54 
specific antigen 53, 586 
discovery of 53 
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toward bladder 772f 
using isotonic saline, vaporization of 665 
vaporization of 656 
volume 54 See prostate specific agent 
density 
Prostatectomy, techniques of 713 
Prostate-specific 
antigen 1019 
membrane 771 
antigen 241 
Prostatic 
abscess 209 
diagnosis of 720 
acid phosphatase 54 
biopsy, complications of 80 
cancer 126 
invading prostatic 96f 
fistula 888 
etiology 888 
management 888 
tuberculosis 888 
infection 79 
intraepithelial neoplasia 1023, 1024 
massage 194f 
pain 35 
symptoms 589 
urethra 844 
Prostatitis 195f 
acute bacterial prostatitis 208 
pelvic pain syndrome 193 
treatment 208, 209 
urethritis 49 
Prostatodynia 209 
treatment 209 
Prostatorectal fistula 888 See also causes of 
rectourethral fistula 
Prosthetic devices 201 See ureteral stents 
implant of 203 
Proteinuria 55 
Proteus 881 
Proximal 
shaft hypospadias 382f 
urinary sphincter 402 See also internal 
sphincter 
Prune Belly syndrome 179, 332 
anomalies 332 
fills entire abdomen 333f 
management 332 
treatment 333 
Pseudoaneurysm 136 
Pseudomonas 881 
aeruginosa 180, 188, 195 
Psoas 
hitch 140, 499 
muscles 61 
Psuedomonas 179 
Psychogenic 
causes 127 
erectile dysfunction 1108 
Pubovaginal sling procedures 478 
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Pulmonary 
capillary wedge pressure 189¢ 
complications, classification of 332t 
edema 922 
embolus 645 
infection 938 
physical examination of 904 
Pulsed 
Doppler 82 
ultrasound 70 
Punch resectoscope 12f 
Pure laparoscopic technique 823 
Purified protein derivative 218 
Pyelonephritis 49, 118, 880 
treatment of 425 
Pyeloplasty 777 
open 778 


Pyelostomy catheters 631 Seealso nephrostomy 


Pyocystitis 207 

Pyonephrosis 184, 206 

Pyrexia in urological disease 35 
causes of 35 

Pyridium 884 See phenazopyridine 

Pyuria 172 


Q 


Q-tip test 473 
incontinence physical examination 414 
Quadriaplagia depending on severity of 
injury 440f 
Quality of high-frequency current 288 
QUANTICYT system 55 
Quantification of bacteriuria 180 
Quinton-Scribner shunts 695 


R 


Radiation 
exposure hazard 57 
hazard to pregnant women 57 
induced fistula 490 
oncology, advances of 227 
therapy for 
bladder cancer 1010 
penile cancer 1066 
therapy in prostate cancer 1032 
Radical cystectomy 
in female 792f 
in male 790f 
in women 761, 761f 
indications for 756 
prognosis of 767 
Radical cystoprostatectomy 756, 758 
inmen 1006 
specimen 760f 
Radical nephrectomy 741, 745f 
Radical nephrectomy 970 See also nephron 
sparing surgery 
technique of 743 
Radical 
nephroureterectomy, specimen of 823f 


orchiectomy 748 
orchiectomy, indications for 748 
perineal prostatectomy 1029 
prostatectomy 1029f 
complications of 1030 
in progress 772f 
techniques of 833 
retropubic prostatectomy 770, 800 
indications of 770 


transurethral resection of bladder tumor 732 


Radiofrequency 

ablation 260 

probe 261f 
Radionuclide 

cystography 105, 182 

renal scanning 534 
Radiosurgery in renal cell carcinoma, role 

of 227, 229 
Radiotherapy in reducing morbidity, 

role of modern 233 
Raised serum creatinine, causes of 52 
Rapamycin 935 
Rapid screening for bacteriuria 51 
Rare epithelial 976 
Rare instances tumors 77 
Reanastomosis of urethra 847 
Reconstruction of 

penile urethra 851 

ureters, principles of 498 
Reconstructive urology 841 
Rectourethral fistula, causes of 888 
Recurrent renal colic, surgery for 559 
Red 

blood cell casts 905 

rubber urethral catheters 628f 
Reducing paraphimosis 374f 
Reduction of 

foreskin 676 

paraphimosis, techniques of 637 
Reflux nephropathy, history of 172f 
Refractory detrusor instability 861 
Regional lymphadenectomy, role of 743 
Reiter’s syndrome 208, 213 
Relation to ureteric orifices 884 
Relieve urinary retention 633 
Relieving obstruction, complications of 128 


Rembrandt’s etching of circumcision of christ 3f 


Renagel 917 See sevelamer hydrochloride 
Renal 218, 529, 890, 903 
abscess 185 
diagnosis 185, 206 
treatment 185, 206 
agenesis 306 
etiology 306 
incidence 306 
prognosis 306 
amyloidosis 426 
arteriography 89 
biopsy 907 
cancer 
prognosis of 972 
prognostic factors of 972 


catheters 631 
cell carcinoma 74, 88, 95f, 110, 227, 741, 
743f, 956, 957-959, 963f, 966 


cell carcinoma 75 See also adenocarcinoma 


adjuvant therapy for 966 
classification 959 
complications of 971 
endocrine treatment of 969 
incidence of 957 
prevention of 971 
prognosis of 971, 971¢ 
spontaneous regressions of 966 
treatment of 970 
tumor thrombus 88f 
colic 60 
cyst 74,95 
classification of 74 
deterioration 880 
disease 65 
examination 42 
exploration, indications for 134 
function test 51 
glomerular diseases 903 
hamartoma 952 See benign tumors 
angiomyolipoma 
injuries 130 
classification of 131, 131f 
complications of 135 
exploration for 133 
mechanism of 130 
nonoperative management of 133 
treatment of 132 
isotope scan 742 
lymphoma of different appearances in 
kidney 76 
mass 73,95 
differential diagnosis of 74t 
obstruction, evaluation of 73 
oncocytoma 88, 88f 
pelvis 304, 305 
filling defects in 76 
histology 304 
physiology 895 
postrenal 903 
reabsorption, decreased 546 
replacement therapy 190, 903, 909 
peritoneal dialysis 909 
scintigraphy 105 
stone 567, 786 
disease, causes of 544 
tissue replaced by cancer tissue 745f 
toxicity 1055 
tract, function of 102f 
transplant 104 
complications of 935 
indications of 929 
medical complications of 944 
scintigraphy 107 
transplant surgical complications 937 
acute hemorrhage 937 
arterial occlusion 937 
artery stenosis 937 
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graft rupture 938 
lymphocele 938 
thrombophlebitis 938 
vascular complications 937 
transplantation 939 
complications 945 
surgery 928 
contraindications of 929 
techniques of 933 
trauma 130 
tubular diseases 903 
tumors 951, 954 
primary, types of 959 
secondary, types of 960 
types of 959, 960 
ultrasonography 549, 907 
ultrasound 72, 555, 777 
vascular disease 73 
Renin 56 
Renovascular hypertension 106 
Repair of vesicovaginal fistula, technique of 886f 
Repeat prostate biopsy 1026 
Reproductive urology 1071 
Resection of 
bladder tumor 730 
superficial tumors, contraindications to 731 
Resectoscope 12, 655f, 1001f 
with green laser 849f 
Reservoir, choice of 874 
Residual 
bladder volume 105 
chordee, early complications 394 
chordee, late complications 394 
Respiratory complications 904 
Retention of urine 719 
after transurethral resection of prostate, 
causes of 719 
Retracted stoma 880f 
Retractile testis 356 
Retrocaval ureter 121f 
Retrograde 
cystogram 143 
ejaculation 1128 
pyelograms 117, 514, 535, 556, 778 
pyelography 530 
ureteropyelogram 117f 
urethrogram 143, 163, 514 
ascending or 844f 
Retroperitoneal fibrosis 120, 519 
biopsy 523 
causes of 520 
management algorithm of 523 
mortality 520 
morbidity 520 
nuclear medicine 522 
pathophysiology 519 
treatment 523 
Retroperitoneal laparoscopic 
ureterolithotomy 738 
Retroperitoneal lymph node dissection 748, 
782, 783 
complications 783 
primary 783 


Retroperitoneoscopic 
donor nephrectomy 924 
laparoscopic nephrectomy 815 
Retrusive meatus 
early complications 394 
late complications 394 
Reuter’s trocar 656 See suprapubic aspiration 
instruments 
Rhabdomyosarcoma 348 
clinical groups of 349 
management 349 
pathologic classification 348 
Rheumatoid arthritis 520 
Riedel’s thyroiditis 520 
Right 
adrenal gland with lipid-rich adenoma 95f 
hydronephrosis 121f 
pheochromocytomas, laparoscopic 
approach for 612f 
radical orchiectomy 749f 
retroperitoneoscopic donor nephrectomy 925 
urinary tract 509f 
Rigid cystoscope 653, 654f, 686f 
with cold biopsy forceps 1000f 
principle of 654 
Rigid nephroscope 658f 
Ring clamp for VAS 706f 
Robot-assisted laparoscopic 
cystectomy 762 
pyeloplasty 779 
Robotic 
arm 834 
similar to human wrist 14f 
assisted laparoscopic 
prostatectomy 1029 
pyeloplasty 320 
assisted laparoscopic pyeloplasty 829 
console 834f 
extraperitoneal approach for radical 
prostatectomy 835 
hand instruments 829f 
in urology, history of 13 
pyeloplasty in progress 321f, 780f, 829f 
radical prostatectomy 832, 834 
radiosurgery system 1031 
telescope 834 
transperitoneal approach 834 
versus laparoscopy 
advantages 836 
disadvantages of 836 
wrist 833f 
Robson staging system 961 
of RCC 962f 
Role of 
antibiotics 668 
antiseptics 668 
Routine coliforms, culture for 50f 
Renal cell carcinoma, work-up of 957 
Rubber band technique 706f 
Rupture of 
bladder 147f 
reservoir 881 
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S 


Sacral 
cord injury 422 
neuromodulation, principles of 433f 
neuromodulator in place 433f 
neuropathic bladder 444 
Safest technique for sterilization 661 
Salmonella spp 169 
Sandimmune 934 See cyclosporin 
Satellite pharmacy, operating theater 282 
Scalpel 369 See shield and knife 
Scar tissue and wide mobilization, excision of 488 
Schistosoma haematobium 976 
Scribner shunts 696f 
Scrotal 162 
abscess formation 210 
exploration, indications for 164 
injury 163 
complications of 164 
general management of 163 
management of 163 
scintigraphy 111 
ultrasonography 81, 1092 
violation 750 
Scrub area 280 
Second biopsy, indications for 700 
Second-line 
systemic chemotherapy 1036 
therapy 1115 
Section through testis 1074f 
Seeded technology 273 
Segment of gastrointestinal tract 862 
Self-calibration of urethra 847 
Self-catheterization 
teaching program 666 
technique 408 
for female 408 
for male 409 
Semen 
analysis 1091 
quality 1091 
Semiconductor diode laser 248, 251 
Seminal vesicle 773, 1074 
cyst 80 
Seminoma of testis 1042f 
Semi-rigid 
ureterorenoscopes 657 
ureteroscopes 658f, 691 
Sense of residual urine 37 
Sensitivity testing for routine coliforms 50f 
Sensory 
innervation of bladder 402 
urge incontinence 416 
Sepsis 
complications 578 
induced hypotension 188 
pathophysiology of 188 
severe 188 
simple 188 
Septic 
patient, management of 190 
shock 188 
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Septicemia 717 
Serratia spp 188 
Serum creatinine 52, 898, 906 
and electrolyte 586 
Sevelamer hydrochloride 917 
Severe 
injury to left buttock 163f 
intrinsic sphincter deficiency 471 
urinary tract infection 180 
treatment of 184 
Sex assignment 378 
Sex-related trauma 151 
Sextant biopsy 1027f 
Sexual 
differentiation 
disorders of 376 
mechanisms of 375 
dysfunction 426 
in men 41 
of organic origin 41 
suspected psychosomatic origin 41 
function score 1110 
intercourse 151 
problems, complaints related to 40 
Sexually transmitted disease 212 
caused by 
bacteria 212 
fungi 212 
parasites 212 
protozoan 212 
viruses 212 
prevention of 215 
Shah’s penile prosthesis 1116f, 1120, 1120f 
hinge 1121f 
Shape of clots 38 
Shield and knife 369 
Shock phase 444 
Shockwave 
electrohydraulic 560 
electromagnetic 561 
generator 560 
lithotripsy 562 
lithotripters, evolution of 561 
piezoelectric 561 
Short bowel syndrome 547 
Shy-Drager syndrome 421 
Sickle cell disease 39, 1090 
Silastic 696 
Silent hematuria 39 See also painless hematuria 
Silicon Foley’s catheter 634f 
Silicon-coated Foley’s catheter 635f 
Silicone 
Foley’s catheters 629 
straight Foley’s catheter 629f 
Simple 
cystometry 455 
renal cyst 87 
urinary tract infection 180 
treatment of 184 
urodynamics 450 
Single 
incision slings 480 


layer extramucosal interrupted sutures 872f 
port consideration 797 
stem cell 274f 
Sipple’s syndrome 620 
Sirolimus 921, 928 
Site of post-transurethral resection of prostate 
stricture 719 
Skin 
cancers 939 
flaps 
adjacent 387 
complications loss of 393 
island 
onlay flaps 855 
tubularized flap 856 
lesions of external genitalia 39 
marking before circumcision 674f 
physical examination 904 
Skull 
based tracking 236 
tracking 237f 
Sleeve resection 
method 369f 
of prepuce 369 
Slight but persistent hematuria 645 
Small 
bladder neoplasm prior to endoscopic 
resection of tumor 727f 
bowel 62 
incision between stay sutures 682f 
metal markers 237 
portable ultrasound equipment 71 
renal cell cancer 951f 
testicular tumor detected 1043f 
vessel disease 899 
Smart klamp 370, 370f 
Smoking and urological disease 41 
Snodgrass tubularized incised plate 
urethroplasty technique 386 
Sodium 
bicarbonate 916 
pentosan polysulfate 222, 502 
polystyrene sulfonate 916 
Soft tissue 
injury of penis 160 
complication of 160 
sarcoma 1060 
Solid 
mass 74 
lesion in kidney with renal cell 
carcinoma 74f 
organs on plain kub 61 
renal mass 75 
Solitary 
kidney, anatomically 817 
renal cyst 310 
Solutions for urological endoscopic surgery 664 
Sonographic characteristics of renal 
lymphoma 74 
Sorafenib 967 
Spastic bladder 421, 434 
characteristics of 435 


Spastic neuropathic bladder, management of 437 
Specific urological infection, management of 206 
Sperm 
density 1091 
function tests 1093 
morphology 1091 
motility 1091 
penetration assay 1093 
retrieval techniques 1096 
Spermatocele 82 
Spermatogenesis 1082f 
microscopic details of 1074f 
Sphincter 
artificial 874 
factors 412 
weakness incontinence 37, 412, 472 
Sphincteric activity 844 
Spina bifida 179 
clinical types of 419 
Spinal cord 406 
injuries 269, 440, 1085 
injury 442 
aims of treatment 444 
anterior cord syndrome 441 
central cord syndrome 441 
complications 446 
emergency department care 444 
history 440 
pathophysiology 440 
lesion 422 
Spinal injury 
causes of 442 
treatment planin 447 
Spleen 61 
Split-thickness skin graft 853 
Spongy urethra 844 
Spontaneous bladder perforation 867 
Squamous cell carcinoma 989, 1014 
Stabbing typifies 145 See also gunshot injury 
Stable detrusor function 465 
Staging bladder tumor 725 
Staging of bladder cancer 
with bimanual palpation of bladder 1002 
principle of 997f 
Standing pelvic examination 473 
Staphylococcus aureus 156, 169, 185, 188, 206 
Static renal scans 104 
Static-fluid MR urography 97 
Stem cell 
application of 274 
in urethral reconstruction, role of 859 
research 266 
applications of 269 
Stereotactic system 238 
novalis 238 
Sterilization of cystoscope 684 
Stern-mccarthy prostatic electrotome or 
resectoscope 12f 
Steroid hormones 56 
Stoma 
complications 880 
of ileal conduit 763/, 1008f 
of indiana pouch 764f, 876f 


Index 


Stomach 62 
Stone 866 
composition 563 
disease 
complications of 551 
indications for early intervention in 549 
management, history of 15 
medical treatment for 552 
treatment for 124 
formation 426 
bladder stones 426 
renal stones 426 
ureteral stones 426 
fragmentation, mechanism of 562 
from ureter by open ureterolithotomy 738f 
in distal ureter 550f 
in ureter with dilatation of proximal 
ureter 117f 
left vesicoureteric junction 116f 
localization in extracorporeal shockwave 
lithotripsy 550 
location 563 
lower pole calculi 563 
ureteral calculi 564 
migration facilitator 558 
oxalate, types of 545 
prevention strategies 564 
prophylaxis program 551 
size 563 
types of 545 
work-up 55 
Storz system 561 
Stream, decreased force of 584 
Stress 
incontinence 413 
in female, mechanism of 471 
in male, mechanism of 472 
management of 416 
urinary incontinence 37, 471 
classification 472 
anatomic incontinence 472 
sphincter weakness incontinence 472 
conservative therapy 476, 477 
electrical stimulation 476 
kegel pelvic floor exercise 476 
tricyclic antidepressants 477 
cystogram 475 
cystoscopy 475 
definition 471 
history 471 
postoperative care 483 
risks and complications 483 
treatment options 476 
work-up of 472 
Stretched length of penis 40 
Stricture 
disease 689 
of bulbo-penile spongy urethra 846 
of membranous urethra, treatment 
options for 857 
Struvite 546 See infection stones 
Studer’s bladder 865 


Substitution 
cystoplasty 437, 861, 864 
of urethra 847 
Sulfamethoxazole 175, 205 
Sunitinib 967 
Superficial bladder cancer 229 
management of 229t 
resection of 731 
treatment of 1002 
options for 1002 
Superficial 
lacerations 133f 
lesions, endoscopic treatment of 730 
Suprapubic 
aspiration instruments 656 
catheter 128f, 153, 630, 637 
correct placement of 681f 
kits 630f 
cystostomy stay suture in place 682f 
emergency catheters 630, 630f 
placement of needle 681f 
urinary bladder 
anesthesia 679 
catheterization 679 
complications 680 
equipment 679 
technique 680 
urinary diversion 516 
Suprasacral 
lesion, functional changes in 434 
neuropathic bladder 443 
Surgeon console 834 
Surgery 
abscess drainage, role of 219 
augmentation cystoplasty, role of 219 
epididymectomy, role of 219 
nephrectomy, role of 219 
partial nephrectomy, role of 219 
ureteric 
reimplantation, role of 219 
stenting, role of 219 
urinary diversion, role of 219 
Surgical intervention 
complications of 532 
in penile fracture, principles of 157 
in ureterocele, indications for 531 
Surveillance after radical surgery 970 
Sutent 967 See sunitinib 
Swab test 884 
Swallowed foreign bodies, detection of 61 
Synchrony 237 
Syphilis 213 
primary 213 
Systemic 
inflammatory response syndrome 187 
lupus erythematosus 899 
proteases, activation of 902 


T 


T staging of prostate cancer 1025 
T vaginalis 213 
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Tacrolimus 921, 928, 934 
Taenia cruris 212 
Tamoxifen 524 
Tamsulosin 122 
hydrochloride 404 
Tanagho’s procedure 417 
Tara klamp 370, 370f 
circumcision with 370f 
Technetium-99m mercaptoacetyltriglycine 
study 530 
Telemedicine 271f 
history of 270 
interactive telemedicine services, 
types of 271 
monitoring, types of 270 
store, types of 270 
types of 270 
Telescope for rigid system 654 
Telescopic filiform bougie 704f 
Temsirolimus 967 
Tension-free 
spatulated anastomosis, principles of 498f 
vaginal tape 478, 479f 
placed appropriately 479f 
placement 479f 
secur 481f 
secur, placement of 481f 
placement of 478f 
Terazosin 404 
Testes, absence of 356 
Testicles 1085 
Testicular 81 
biopsy 1094 
cancer 42, 353, 784, 1041, 1054 
complications infertility 1055 
etiology of 748 
genetic factors 1041 
pathology of 748 
prognosis 1055 
cause of 
infertility, primary 1088 
male infertility 1089 
injury 162 
complications of 164 
malignancies 110 
mass, evaluation of 81 
pain 35 
torsion 81 
mechanism of 350f 
prognosis 352 
androgen levels 353 
fertility 352 
subfertility 352 
surgical treatment 352 
treatment of 352 
trauma 82, 164 
tumor congenital cause 1044 
cryptorchidism 1044 
tumor removed 1048f 
Testis 42, 97, 794, 1073 
completed, repair of 1048f 
in progress, repair of 1048f 
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macroscopic anatomy 1073 
pathology 218 
sparing approach 1047 
sparing surgery in progress 1048f 
Therapeutic ureteroscopy 691 
Third-line therapy 1116 
Thoracoabdominal approach 611 
Three-dimensional 
conformal radiation therapy 1031 
laparoscopic systems 797 
ultrasound imaging 71 
Three-finger technique and perivasal block 706f 
Three-piece inflatable devices 1121 
Thrombocytopenia difficulty 920 
Thrombotic thrombocytopenic purpura 905 
Thulium laser 249, 251 
Thyroid-stimulating hormone 1101 
Thyrotropin-releasing hormone 1081 
Tiemann 
catheters 629, 629f 
Foley’s catheters 629f 
Time of hematuria 39 
Tip of flexible cystoscope 685f 
Tips for post-transurethral resection bleeding 644 
Tissue 
by voltage variation 285f 
characteristics 288 
coagulation, mechanism of 292 
cutting of 287 
effect 284 
blending 285 
coagulation 284 
cutting 284 
fulguration 285 
engineered vascular graft 273f 
engineering 
by using stem cell, principles of 275f 
in urology 273 
principles of 273 
role of 859 
for augmentation cystoplasty, 
comparison of 863¢ 
fusion system 294 
hypoxia 190 
in roof of prostatic urethra 713 
welding 254 
Titan inflatable penile prosthesis 1122f 
TNM staging of 
bladder cancer 993 
prostate cancer 1024f 
Tobacco smoking 979 
Tofranil 404 See imipramine 
Tolterodine 430 
Tolterodine tartrate 404 
Topical vaginal estrogen in postmenopausal 
women 205 
Torisel 967 See temsirolimus 
Torsion of testis 43, 351f 
Traditional open urological operations 203 
Transillumination test of scrotum 359f 
Transitional cell carcinoma 75, 88, 96, 110, 
821, 951, 956, 974, 975, 991 


bladder, comparison of different staging 
system for 992t 
of renal pelvis 980f, 981f 
of ureter 980f 
Transobturator tape 479, 480f 
completion of placement of 480f 
Transperineal approach for prostatic biopsy 80 
Transperitoneal 
donor laparoscopic nephrectomy 941 
laparoscopic ureterolithotomy 738 
technique 489 
Transport of urine 
antireflux mechanism 305 
mechanism of 305 
Transrectal 
prostatic biopsy, technique of 80 
repair 888 
ultrasonography 699f, 1090, 1092 
ultrasound 
for infertility 80 
guided biopsy, principle of 698f 
guided prostate biopsy 698 
of prostate, indication of 79 
procedure 698 
Transureteroureterostomy 139, 139f 
Transurethral 
Collin’s knife mobilization of distal ureter 822f 
enucleation with bipolar 592 
incision of prostate 591 
laser-induced prostatectomy 249 
microwave therapy for benign prostatic 
hyperplasia 593 
needle ablation 
of prostate 593 
on prostate, effect of 594f 
probe with needle 594f 
procedure 482 
resection 202, 977 
resection in carcinoma of prostate 720 
resection of bladder tumor 297, 650, 729f, 
977f, 997, 998f 
resection of bladder tumor 757 See biopsy 
for bladder cancer 
principle of 977f 
resection of 
ejaculatory ducts 1096 
prostate 126, 201, 209, 590, 591f, 711, 
716, 709, 1126 
complications of 716, 718 
history of 12 
in chronic bacterial prostatitis 720 
in hypertrophy of bladder neck 720 
in prostatic abscess 720 
late complications of 718 
technique of 711 
treatment of 720 
ureteral orifice 822 
resection syndrome 664, 717, 718 
investigations for 717, 718 
mechanism of 717 
pathology of 717 
treatment of 718 


Transvaginal procedure 477 
Transverse preputial island flap 
correction of chordee 388 
creation of neourethra 388 
glanuloplasty 388 
stenting of urethra 389 
suprapubic urine diversion 389 
technique for 388 
urethroplasty 388 
Transvesical 
extraperitoneal technique 489 
laparoscopic detachment and ligation 824 
Trauma examination, abdominal sonography 
in 143 
Treatment of 
meatal strictures, options for 849 
upper urinary tract of transitional cell 
carcinoma 575 
urinary tract infection, antimicrobial 
strategy for 205 
Treatment-related toxicity 1055 
Treponema pallidum 212 
Trichomonas 
vaginalis treatment 208 
vaginitis 208 
Trilostane 618 
Trimethoprim 175, 205 
Trimethoprim-sulfamethoxazole 515 
DS 214 
Trocar placement 796 
True hermaphroditism 376 
Tubal disease 
testing 1101 
treatment of 1102 
Tubal pregnancy 557 See ectopic 
Tubeless percutaneous nephrolithotomy 575 
Tuberculosis 861, 938, 945 
test for 51 
Tubular lesion 899 
Tumor 
cells of embryonal rhabdomyosarcoma 349f 
clinical staging of 999 
in cysts 76 
in renal pelvis, local extension of 980 
incidence in bladder, frequency of 991 
locally advanced 971 
markers 1046 
serum alpha-fetoprotein 1046 
nodes metastasis 725 
status 993 
Tunica plication procedure 1078 
Tunneled dialysis catheters 696 
Turis plasma vaporization of prostate 656 
Turp with isotonic saline 722 
Twenty-four hours urine collection 55 
Two-stage hypospadias repair 389 
Two-staged reconstruction of penile urethra 850 
Type of bladder spinal injury 443 
Typical 
rod lens endoscope 654f 
semirigid penile prosthesis 1120f 
Tyrosine for host cell genes 240f 
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U 


Ultraclean laminar air flow 281 
Ultra-hypofractionation trials 233 
Ultrasonic lithotripsy 566, 785 
Ultrasonographic of orthotopic bladder 766f 
Ultrasonography in benign prostatic 
hyperplasia, indications of 80 
Ultrasound 
and urology, principles of 68 
cystodynamogram 454 
indications of 454 
technique of 454 
energy generator 292f 
in urinary tract injury, role of 73 
lithotripter, advantage of 785 
of urinary bladder, use of 76 
study of prostate, techniques of 79 
Underactive detrusor function 465 
Undescended 
testicle 81 
testis 355 See also empty scrotum 
testis 838f 
detection of 357 
treatment 357 
Unexplained infertility 1102 
treatment of 1103 
Unilateral small kidney 63 
Unipolar diathermy 285 
Unique urine collection device designed for 
women 180f 
Unitary inflatable penile prosthesis 1121 
Unresolved infection 180 
Unstable detrusor 465 
Upper pole 
heminephrectomy 531, 532 
of left kidney 951f 
Upper tract 
TCC of right renal tract 981f 
transitional cell 
carcinoma, distribution of 980 
tumors 979 
trauma 130 
Upper urinary tract 
clinical embryology of 306 
developmental anomalies of 306 
fistulas 890 
hematuria 39 
obstruction, management of 516 
tumors, types of 980 
urodynamics 463 
Uprima 1114 See apomorphine 
Urachal cyst 330, 330f 
Urachus, diseases of 330 
Ureaplasma urealyticum 213 
Uremia, pathophysiology of 494 
Ureter 795, 304, 305 
and renal pelvis macroscopic anatomy 304 
pelvic ureter 304 
proximal ureter 304 
and renal pelvis muscle layer 305 


before extravesical eimplantation of ureter 340f 


course of 304f 
location of 734f 
management of 516 
pathology 218 


Ureteral 


calculus 528 

injury 130, 137 
classification of 138 
clinical diagnosis 137 

orifice 821 

pain 34 

reimplantation 532 

stent 516 

stenting 
with ureterotomy 497 
without ureterotomy 497 

stents 201 

stones 567 

stricture 253 See also ureteropelvic 

junction obstruction 

pathophysiology of 494 
treatment of 572 

unroofing 822 


Ureteric catheters 630, 632 


types of 632f 


Ureteric injury 


classification of 138, 494 
complications surgery for 497 
history of procedure 493 
in pelvic surgery 493 
investigations for 496 
management of 138, 497 
management options for 498 
of diagnosis 495 
intraoperative diagnosis 495 
intravenous urogram 495 
postoperative diagnosis 495 
pathophysiology 494 
risk of 495 
sites ofinjury 493 
symptoms and signs of 495 
types of injury 493 


Ureteric 


repair, principles of 497 
stents 692f 

stones 787 

trauma, etiology of 137 
whistle tip catheters 631 


Ureterocalycostomy 139 
Ureterocele 528 


and ureteral reimplantation 531 
classification 528 

endoscopic incision of 532 
etiology 528 

excision of 532 

incidence of 528 

prognosis 532 

representation of 528f 
treatment of 531 


Ureterocystostomy 140 
Ureterolithotomy 734 


complications of 739 
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etiology 734 
relevant anatomy 735 
treatment 735 
medical therapy 735, 736 
Ureteroneocystostomy with boari flap 140 
Ureteropelvic junction 
antenatal ultrasound 318 
diuretic renography 319 
etiology 317 
genetics 317 
management 319 
medical therapy 319 
obstruction 120, 253, 317, 318, 319, 777, 827 
postnatal 
ultrasound 318 
management 319 
surgical therapy 319 
voiding cystourethrogram 319 
Ureteropelvic obstruction 780 
Ureteropyelography in patient of congenital 
megaureter 66f 
Ureteropyelostomy 531 
Ureterorenoscope 657, 658f 
Ureteroscope 691f 
history of 689 
Ureteroscopic 
lithotripsy 562 
renal pelvis TCC 983f 
urothelial tumor of ureter 983f 
Ureteroscopy, complications of 692 
Ureterosigmoidostomy 875 
Ureteroureterostomy 139, 139f, 497 
Ureterovaginal fistula 887 
diagnosis 887 
etiology 887 
management of 887, 888 
Ureterovesical junction 509 
Urethelial cancer, prognosis of 978 
Urethra 274 
damage to 154f 
different parts of 849 
injury to 154f 
management of 516 
with genital tract 399f 
Urethral 
calibration 712 
caruncle 504, 505f 
complications 505 
pathophysiology 504 
treatment 504 
catheter 47,516 
catheterization 
anatomy 634 
in lady 641f 
in male patient 635 
materials for 634 
technique 638 
catheters 627 
dilatation 703, 848 
balloon catheter 704f 
technique 703 
dilation 858 
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and internal urethrotomy 858 
dilator 703f 
discharge 39 
dysfunction 415, 415t See also causes of 
neuropathic bladder 
incontinence 37 
injury 150 
classification of 152, 152t 
complications of 154 
etiology 151 
length 852 
obstruction, symptoms of 709 
pressure 
measurement 461 
profilometry, techniques of 461 
sphincter mechanism 402 
stricture 637, 719, 846, 850f, 854, 856f 
controversies 859 
disease 253, 843 
definition 843 
history 843 
etiology of 845 
management of 843, 847, 849 
future of 860 
pathogenesis of 846 
surgical options for 847 
work-up of 846 
stump for urethrovesical anastomosis 773f 
trauma in paraplegics 152 
warts 215 
Urethrectomy 760 
indications for 756 
Urethritis 207 
in women 208 
Urethrocutaneous fistulas 
early complications 393 
late complications 393 
Urethrocystoscopy 711, 996 
Urethroplasty 153, 851 
Urethrovaginal fistula 886 
diagnosis 887 
etiology 886 
management 887 
Urge incontinence 37 
management of 416 
Urgency and urge incontinence, causes of 36 
Uric acid 55, 547 
stone 545 
stone hyperuricosuria 
with hyperuricemia 545 
without hyperuricemia 545 
Urinalysis 47, 116, 172, 415, 474, 511, 547, 554 
576, 586 
Urinary bladder 861 
development of 326f 
injuries 145, 148 
stones 567 
Urinary 
concentrations of interleukin-6 in utis 181 
cortisol level 616 
diversion 793, 868, 878, 1008 
classification of 869 


definition 868 
early complications of 879 
future of 881 
history 869 
late complications of 879 
milestones of 869 
prognosis of 881 
types of 875 
electrolytes 55 
extravasation 135 
fistula 883 
frequency 584 
incontinence 367, 602, 929 
history of treatment of 19 
in women 603 
N-acetyl-&-glucosaminidase 181 
reconstruction radical cystectomy 762 
retention 528 
sphincter, artificial 20f, 417, 482, 482f, 874 
stones 
indications of 786 
management of 786 
technique of 786 
tract 181 
tract disease 65 
tract infection 47, 169, 171, 179, 180, 184, 
204, 528, 533, 558, 603, 827, 938 
and ileus 784 
classification of 171 
definitions 204 
diagnosis 205 
history of 171 
in children 179 
pathogenesis of 169 
prevention of 177 
risk factors 204 
work-up of 172 
tract obstruction 507 
diagnostic procedures 515 
etiology 509 
history 509 
treatment 515 
treatment medical therapy 515 
treatment surgical therapy 516 
tract stone 201 
tract stone disease 543 
differential diagnosis of 547 
incidence of 543 
infection 545 
urgency 584 
vaginal fistula 
differential diagnosis of 885 
investigations for 884 
Urine 377, 423 
bacteriology 709 
bags 
leg bag: 638 
stopcock technique 638 
waist-suspended bag 638 
chemical indices 905 
collection 47, 180 
device 180 
for calcium 55 


culture 50, 415, 474, 576, 586, 930 
and prostatic secretion 194 
cytology 51, 55, 415, 474, 587, 729 
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failure of catheter balloon to deflate 647 
transurethral resection syndrome 645 
treatments for intractable hematuria 645 


dipstick 48, 173, 173f 
kit, basic tests 48f 
into specimen CUP, collection of 173 
microscopic examination of 49 
output, physical examination of 904 
pathogens 51 
pH 548 
postoperative retention of 127 
Urinoma 75 
Urodynamic 266, 709 
classification of spinal injury 443 
components of 449, 450t 
definitions 465 
evaluation 183 
filling cystometrogram 474 
frequency-volume chart 450 
machine 449f 
observation of Act of micturition 450 
study abdominal leak-point pressure 474 
study, normal values of 459 
technique 451 
tracing of patient with suprasacral spinal 
cord injury 450f 
uroflowmetry 451 
voiding cystometrogram 475 
Uroflowmeter and ultrasound machine 454f 
See basic components of ultrasound 
cystodynamogram 
Uroflowmeter, types of 451 
Uroflowmetry 474 
analysis of 452 
application of 453 
definitions of 452 
indications of 451 
Urogram of patient with boari flap, computed 
tomography 140f 
Urolithiasis 251, 541 
causes of 543 
morbidity related to 546 
mortality related to 546 
pathophysiology of 543 
Urologic trauma 146 
Urological 
applications 286 
of tissue engineering 274 
disease 3, 33 
investigations of 45 
endoscope, circumferential measurement 
of 652 
equipment 652 
for lower tract 653 
telescopic system 652 
history, systematic recording of 33 
injury 493 
instrumentation, history of 8 
physical examination of 42 
problem 644-645 
postoperative bleeding 644 
elective surgery on anticoagulated 
patients 646 


Urologist, operating theater for 283 
Urology 
operation theater 658 
applications to 227 
history of 3 
major components of 33 
Uro-oncology 949 
Uropharmacology 403 
Urosepsis 187, 528 
clinical manifestation of 188 
definition 187 
infection 187 
Urostomy pouches 873f 
Urothelial 
cancer 974, 975f 
test for 55 
treatment options for 977 
carcinoma 688f, 1001f 
malignancies 252, 689 
tumor 
histological types of 991 
ureter 980f 
Urothelium 399, 400f 
Uterine 
disease testing 1101 
factor, treatment of 1102 
Uterus 62 


V 


Vaccine with autologous cultured renal cell 
cancer lines 969 
Vacuum constriction devices 1115 
with constricting band 1115f 
Vaginal 
approach 489 
examination 43 
Vaginitis 208 
Vaginoscopy 530, 884 
Vague abdominal pain 533 


Vanishing testis syndrome 1089 See bilateral 


anorchia 
Vardenafil 1114 
Varicocele 43, 81, 1089 

cause 752 

diagnosis 361 

embolization of 754 

in adolescents 361 

in children 361 

left-sided 752f 

pathophysiology 752 

surgery 753 

treatment of 362, 753 
Varicocelectomy 752, 753, 754f 
Vas deferens 43, 97, 1074 

pathology 218 
Vascular endothelial growth factor 274 
Vasculogenic erectile dysfunction 1108 
Vasectomy 705 


Vasoactive drugs 909 

Vasoepididymostomy 1095 
end-to-side technique 1097f 

Vasography 1092 

Vasopressin turp 723, 723f 

Vena cava thrombosis, surgery for 965 


Vena caval thrombosis, classifications of 965 


Venereal warts 214 See also Condyloma 
acuminata 
Venous gas embolism 802 
Veno-venous hemodiafiltration 910 
Ventilation 280 
Ventral 
application of meshed graft 854f 
onlay 855 
vs dorsal onlay of oral mucosa graft 855 
Verapamil 947 
Veress needle insertion, principles of 803f 
Vesicoamniotic catheter placement 538 
Vesicoenteric fistulas 889 
etiology 889 
management 889 
Vesicostomy 366 
Vesicoureteral 
junction obstruction 317 
reflux 96, 437, 529 
Vesicoureteric 
junction 777 
reflex, causes of 335 
reflux 104, 182f, 334, 336f 
causes 335 
diagnosis 336 
direct 105 
endoscopic treatment 339 
grading system 335 
incidence 334 
indications for surgery 338 
management 337 
medical treatment 338 
pathophysiology of 334, 335f 
surgical techniques ureteral 
reimplantation 340 
surgical treatment 338 
Vesicourethral segment, physiology of 402 


Vesicovaginal fistula 486, 487f, 883, 883f, 886f 


abnormal fistulous tract 486f 
cause of 883, 884 
complications 490 
conservative management 488 
diagnosis of 884 
etiology 486 
history of procedure 486 
incidence 486 
pathophysiology 487 
postoperative care 490 
bladder drainage 490 

principles of 885 
repair of 885 
risk factors 487 
treatment 488 

Video endoscopic 
equipment 649 
inguinal lymphadenectomy 1066 


1153 


Videocystometrogram, indication of 457 
Videocystometrography, 
techniques of 458 
Videocystometry 456 
principles of 457f 
Videoendoscopic surgery 648 
Videourodynamics 424, 475 
Virtual cystoscopy 87 
Visual laser ablation of prostate 249 
Vitality stains 1093 
Vitamin B,, 879 
deficiency 880 
Voiding 
cystometry 456 
cystourethrogram 66, 67, 827 
indications for 66 
cystourethrography 530, 534 
diary 423, 473 
symptoms 35t See also lower urinary tract 


symptoms 
Vomiting 913 


WwW 


Wafer of ileal conduit 1008f 
WAGR syndrome 311 
Wallace-type anastomosis 872f 
Warm ischemia 933 
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Water 
optimization 429 
soluble contrast agents 65 
Wegener’s granulomatosis 520 
Wheezes 921 
Whitaker test 105, 463, 530, 571, 571f, 778 
Whitaker test 535 See antegrade pyelography 
principles of 464f 
procedure of 530 
White blood cell casts 905 
WHO classification of testicular tumors 1043 
Widespread tumor 731 
Wilms’ tumor 88, 311, 316, 951, 956 
causes 311 
clinical features of 313t 
etiology 311 
inoperable tumors 316 
management principles 313 
pathology 311 
removed successfully 312f 
stage of 314 
surgery 313 
chemotherapy 314 
nephron sparing surgery 314 
radical nephrectomy 314 
radiotherapy 314 
simple nephrectomy 314 
Work-up in prostatitis 195 
Wound infections 784, 858, 938 


X 


Xanthogranulomatous pyelonephritis 185, 206 
treatment 207 
Xatral 404 See also alfuzosin 
X-ray 
in urology, application of 57 
kidneys 
bladder 116 
ureters 116 


Y 


Yang-Manti’s principle 500 

of replacement of ureter with small gut 500 
Y-chromosome microdeletion syndrome 1088 
Yeasts 49 
Yttrium-aluminum-garnet laser 

holmium 248 

machine, holmium 689f 


Z 


Zhenxi rings 370 
Zona 
fasciculata 607 
glomerulosa 607 
reticularis 607 
Zygote intrafallopian transfer 1103 


